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Abstract. Public perception of flood risk and flood risk infor-  of flood incidents has increased (EM-DAT, 2011). Climate
mation is often overlooked when developing flood risk man- change influences and increasing urbanisation of watersheds,
agement plans. As scientists and the public at large perceivamongst others, are contributing factors in this regard (Kay
risk in very different ways, flood risk management strategieset al., 2011; Mc Carthy, 2001; Nirupama and Simonovic,
are known to have failed in the past due to this disconnec007). It is now recognised that flood mitigation measures
between authorities and the public. This paper uses a novédased solely on structural protection are unsustainable and
approach in exploring the role of public perception in devel- will not eliminate inundations from extreme floods indef-
oping flood risk communication strategies in Europe. Resultsnitely (Kundzewicz, 1999; Tobin, 1995). This recognition
are presented of extensive quantitative research of 1375 quebas resulted in a paradigm shift in how responsible author-
tionnaire responses from thirteen communities at risk acrosgiies across Europe deal with floods. A multi-facetted flood
six European countries. The research forms part of two refisk management approach that more heavily embraces non-
search projects funded under the 2nd ERA-Net CRUE Fundstructural measures of improved land-use planning, reloca-
ing Initiative: URFlood and FREEMAN. Risk perception is tion, flood proofing, flood forecasting and warning and insur-
conceptualised as a pillar of social resilience, representing@nce is now advocated. These approaches that are based on a
an innovative approach to the issue. From this process reczontinuous holistic and societal analysis together with an as-
ommendations are identified for improving flood risk man- sessment and mitigation of flood risk (Mc Gahey et al., 2009)
agement plans through public participation. are now engrained in national policies across Europe (see, for
example, Defra, 2005; Ruimte voor de Rivier, 2011) and are
underpinned by the EU Floods Directive 2007/60/EC (Eu-

. ropean Parliament and the Council of the European Union,
1 Introduction 2007).

. . . Although the social aspects of floods have been reported
Flooding accounts for approximately one third of all natu- for some time (Horton and Jackson, 1913; White, 1945, both

ral disasters in both the developed and developing World%ited in Marincioni, 2001), their understanding in the context

(UNISDR, 2012). Floods are also responsible for more thanof flood risk management has become increasingly important
half of all disaster related fatalities and a third of the eco- 9 gymp

. X (Brown and Damery, 2002). Perception of risk at both an in-
nomic loss from all natural catastrophes (White, 2000)'dividual and public level represents a key societal component

While the _reporting of flood events has undoubtedly im'_in flood risk management that is integral to determining the
proved, evidence suggests that the frequency and severity
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response to flood warnings and efforts to increase commuthose at risk is important in this regard. Cognitive factors on
nity preparedness. Previous flood risk management policiethe other hand, reflect the personal and psychological compo-
have been known to fail or be adversely affected when pol-sition of an individual and include affective and behavioural
icy makers overlook the subjective and highly contextualisedattributes that account respectively for particular emotions
nature of public perception (Granger-Morgan, 1997; Brownevoked by flooding and tendencies or dispositions to act in
and Damery, 2002). For example, a major issue during thespecific ways when flooded. The complexity of how risk is
UK 2007 summer floods was identified as the poor respons@erceived by the public is at odds with how risk is defined
of the public to Environment Agency warnings. Responsesin the scientific community. Risk according to the scientist is
were found to differ according to whether people were awaredescribed by Eg. (1) (UNISDR, 2012; Kron, 2002);
of their own risk (Pitt, 2007). This lack of understanding by
the agencies involved in the public’'s perception of risk ren-
dered many warnings ineffective. In addition, public infor- where the hazard is the threatening event (in this case a flood)
mation campaigns such as the Dutch 2006 “Think Ahead”including its probability of occurrence, vulnerability is the
campaign are often found to have little impact despite manylack of resistance to damage and exposure is presence of peo-
people receiving the information. Terpstra (2010) advocategle or infrastructure at the location involved (Kron, 2002). In
that considering how the public perceive risk will improve this context, risk is measured statistically by flood risk man-
such campaigns. Success of flood risk management policiesgers. Most citizens, however, include experiences, emotions
therefore, relies on understanding how the public construcand feelings in their perception of risk, producing a measure
risk concepts. that relies on intuitive risk judgements. Public conceptuali-
This research explores the role of public perception insation of risk includes elements that are omitted or underes-
flood risk management. Following from the concept of Raaij- timated by scientific risk assessments, often resulting in re-
makers et al. (2008) that relates flood risk perception to threeluced public confidence in the risk decision process (Slovic,
indicators of awareness, preparedness and worry; the pap@000; Baan and Klijn, 2004). Understanding how the public
links self-assessed measures of these indicators from indperceive risk is, therefore, crucial in determining how appro-
viduals in at-risk communities across Europe to direct ex-priate flood related information should be disseminated to
perience of previous floods as well as the demographic prothe public in a manner that will increase public trust in au-
file of the individual in terms of gender, education level and thorities, leading to enhanced capacity to respond to floods
employment status. The effect that risk perception has orand increased resilience. Many definitions of resilience ex-
how the public behave during a flood emergency in termsist within the literature as resilience has many dimensions
of evacuation is also discussed. The results presented aiiacluding social, physical, economic, institutional and eco-
drawn from the URFlood and FREEMAN projects that were logical. This paper focuses on the aspect of social resilience
funded under the 2nd ERA-Net CRUE research initiative un-which can be defined as the capacity of a community to adapt
dertaken between September 2009 and August 2011 and afby resisting or changing) in order to reach and maintain its
derived from case study research in six European countriessurvival and functioning; it incorporates the capacity to re-
Thirteen case studies that comprised a questionnaire survegover with minimal social disruptions (Samuels et al., 2005;
of 1375 individuals that are vulnerable to any or a combi- UNISDR, 2005; Manyena, 2006).
nation of pluvial, fluvial and coastal flood risks were under-  In general terms, risk perception can be considered as an
taken. Comparisons of responses from this sample are madadividual’s interpretation or impression based on an under-
to findings reported in literature that draw on experiences restanding of a particular threat that may potentially cause loss
ported from other floods. Based on these, recommendationsf life or property. More formal definitions exist in literature.
are made to improve the social dimension of flood risk man-Wilson (1990) views perception in the context of transform-
agement plans by identifying key issues pertaining to the roleng input (e.g., flood warning) to output (e.g., mitigation re-
of public perception and awareness in flood risk managesponse). Risk perception is defined by Slovic (2000) as the
ment. intuitive judgement of individuals and groups, of risks in the
context of limited and uncertain information. Raaijmakers
et al. (2008) specifies this definition and defines perception
2 Risk perception and flood risk management through the relationship of a specific set of risk characteris-
tics: awareness, worry and preparedness. Increasing any or a
The way in which the public perceive risk is complex and is combination of these raises the perception of risk and in so
heavily influenced by situational and cognitive factors (To- doing can contribute to enhanced flood resilience. Over time,
bin and Montz, 1997). Situational factors reflect an individ- worry and, therefore, awareness will decrease (Fig. 1).
ual’'s physical location in relation to a flood prone area and Awareness is, therefore, a vital element for a community to
are, therefore, subject to characteristics of the hazard. Preeffectively adapt to a flood risk and according to Shen (2009)
vious flood experience as well as socio-economic and detit is diminished when the provision of appropriate informa-
mographic profiles (age, gender, education level, income) ofion is low or when memories of previous events diminish.

Risk = hazardk vulnerability x exposure Q)
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Awareness Worry Preparedness

‘ Positive effect (increases)
<:| Negative effect (decreases)

(+t) With increasing time

Fig. 1. Relationship between elements of risk perception (from
Raaijmakers et al., 2008).

Although differences in how best to raise awareness are reI_:lg. 2.Case study locations (numbers correspond with Table 1).

ported in the literature (Shidawara, 1999; Poortinga et al.,
2011), it is generally recognised that levels can be raised ) ) , .
through efforts that are focussed on local issues, contain simf@N9¢ of ca.tchm_ent sizes, flood hlstory qnd flood risks in-
ple solutions to reduce the risk and are repeated on a regulguding fluvial (river flooding), pluvial (rainfall generated

basis (Fischer, 1995; Haggett, 1998; Poortinga et al., 2011f,looding) and coastal (inundation of land by sea water) (Ta-
Uggla, 2008). Worry in the context of Fig. 1 refers to the bles 1 and 2). Some case studies included areas where flood

emotional reactions of individuals exposed to a riskt8ig, defences have been implemented, facilitating an assessment
1998). of residual risk on public perception. The research followed

Worry is a necessary risk characteristic that serves as a nof People-centred approach, collecting quantitative data from

mative value for awareness. An individual can be aware of g€ Public at risk through self-completion questionnaires.
flood risk, however, if the individual is not afraid of this risk, Questionnaires were specifically tailored (in terms of type

he or she will not take any action to prepare. A higher level@nd number of questions asked) in each case study area to
of worry is more likely to result in a higher level of prepared- Satisfy local needs. However, key topics such as awareness
ness (Raaijmakers et al., 2008; Miceli et al., 2008). Reliancé?"d Preparedness levels, together with previous flood expe-

on public structural flood protection can, however, serve tofiences were assessed using questionnaires that were devel-

reduce worry and, therefore, community preparedness (Terp2P€d using the key principles of questionnaire design. Ques-

stra, 2011; Grothmann and Reusswig, 2006). Those who reht,ionnair.es were, therefore,. of.a pre-coded a_nd precise ngture
excessively on others without taking ownership of the flood@nd refinement through piloting ensured simple unambigu-
risk and responsibility for protecting their own properties are ©US language that minimised risk of misunderstanding. Key

also likely to be less prepared (Lindell and Whitney, 2000; duestionnaire variables are shown in Table 3.
Grothmann and Reusswig, 2006; Keogh et al., 2011). How- The sampling procedure adopted included a mixed method

ever, the relationship between awareness, worry and pre2PProach of postal, in-person and online surveys, producing a

paredness is not clear and conflicting results are often foundf"9€ sample size of 1375 questionnaire returns (Table 1). All
in the literature (Siegrist and Gutscher, 2008). Figure 1 show£ase studies only targeted people that were at risk of flood-
that worry plays a central role in the relationship betweenind @nd included those with (56 %) and without (44 %) previ-

awareness and preparedness: individuals may be aware of 'S flood experience. Individuals living within probabilistic

risk, but underestimate the consequence of that risk. This pal00d envelopes (the 100-yr and 200-yr envelopes for fluvial

per, therefore, asks the question “Is worry the link between@nd coastal risks, respectively) and those residing within des-
awareness and preparedness?” ignated risk areas (mcllughng pluvu_al !’ISk) were specifically
targeted. The SPSS (originally Statistical Package for the So-
cial Sciences) predictive analytics software package (SPSS,
3 Methodology 2009) was employed to analyse the data using a set of inde-
pendent variables including previous flood experience, pre-
Case study research was undertaken in Belgium, Finlandyious evacuation behaviour, knowledge of evacuation routes,
Germany, Ireland, Italy and Scotland forming part of the two- gender, level of education, employment status and age. Sta-
year URFlood (Understanding Uncertainty and Risk in Com-tistical significance levels were assessed through chi-square
municating about Floods) and FREEMAN (Flood Resilience tests, independent samples t-tests, as well as one-way anal-
Enhancement and Management) 2nd call ERA-Net CRUEysis of variance (Anova). The critical significance value (p-
projects. The thirteen case studies (Fig. 2) encompassed alue) was set at 0.05 following the usual convention that
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Table 1. Characteristics of case studies undertaken.

Country  Case study site Size of Type of risk No. completed
catchment questionnaires
Belgium 1. Demer Basin 1920Km  Fluvial, pluvial 207
Finland 2. Rovaniemi 51127k Fluvial 325
Germany 3. Innerste Basin 1264&m  Pluvial 26
4. Ballinasloe, Co. Galway 1590Km  Fluvial 84
reland 2 Wexford Town, Co. Wexford 6.39kfn  Coastal 78
relan 6. Clonmel, Co. Tipperary 2173Km  Fluvial, residual 126
7. River Dodder, Dublin 125k Fluvial, pluvial, coastal, residual 148
tal 8. Rome 445 krh Fluvial, pluvial 134
y 9. ViboValentia/Bivona 46 ki Coastal, pluvial 103
10. Huntly 1266kmM  Fluvial 50
11. Glasgow/Whitecart 250 kin Fluvial, residual 37
Scotland .
12. Moffat 960 kn? Fluvial 21
13. Newburgh 550 ki Coastal 36
Total 1375

if there is less than a 5% probability that an observed pat- , o

g

tern occurred due only to chance variation in the data, it is 5 §
accepted that the observed pattern is not due to chance. Tt g% 0% 2B
results section only reports results that reached statistical sic £ ;%2 §§ -
nificance. gﬁg £3
g= g
‘s 0% o 0%
B Aware Unaware ; Greatly Moderately Slightly Not worried

worried  worried  worried aal

4 Results and discussion &

(
80%
The sample profile as shown in Table 4 was compared witt 3 ..
European census data (European Commission, 2011) to ir :

)

vestigate whether the sample was representative of a large
population in terms of gender, age, attained education leve *
and employment status. The research sample was found 1 T S— SE——
have a slight over representation of males (54 % in sample ebie B e
compared with 49 % in census), older respondents (22% o ©
sample over the age of 65 compared with 17 % in census)_. _ )

. ; . tig. 3. Influence of previous flood experience () awareness,
and higher education (45% of the sample reached a thlr%b) worry and(c) preparedness levels.
level of education or higher (using the ISCED (2011) defi-
nition of tertiary education), which is slightly higher than the

census average of 32 % for the partner countries). The highye role of these three indicators of perception in implement-

retirement rate (24 %) reflects the age bias, while the samplg, g evacuation orders for extreme events was investigated.
is under represented in terms of unemployment (4.5 % com-

pared with 8.5% in census). However, a wide range of age4.1 Risk perception and awareness

groups, education levels and employment statuses were rep-

resented, which when combined with the large sample sizé’rior to individuals and communities taking measures to
allowed the sample to be considered sufficiently robust forimprove their resilience to floods, they must be aware that
generalisation of findings. Results were initially analysed inthey are indeed at risk of flooding. Awareness is, therefore,
terms of the Raaijmakers et al. (2008) concept of risk per-an integral component to effective flood risk management.
ception (Fig. 1) and, therefore, involved an exploration of Regardless of previous flood experience, all participants in
risk awareness, preparedness and worry. In addition, and behis study were at risk. Awareness of this risk amongst re-
cause of its importance in flood risk management strategiesspondents was generally good, with approximately 80 % of

flood experience
B
2

n
g

0%

% of respondents with previous
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Table 2. Characteristics of previous flood events by case study area.

Case Past flood events Return period Social impacts Economic Flood programme in place No. floodiéo. floods No. floods

study (1950-2010) impacts €) in in 2- in 10-

site 2yr 10yr 50yr

(2008- (2000- (1950-
2010) 2008) 2000)

1. Major events Not reported 690 people affected, 3 casualties (201180 million Dikes and retention areas. Flood fore-1 5 8
Nov 2010, 1200 people affected, 2 casualtieg2010) casting and warning system. Flood
Dec 2002 and (2002) €16 million probability and damage maps.

Sep 1998 140 people affected (1998) (1998)

2. 1993 20yr Agriculture affected Not reported Watershed Simulating and Forecastibg 0 5
1981 15yr System. Flood action plan
1973 20yr
1967 10yr
1966 10yr

3. Sep 2007, 100yr event 2007: Residential properties, infrastruc-Not reported Disaster management plan of Lowed 2 3
2003, (2007) ture, transport networks, campsite af- Saxony (kurzfristig)

1994, 100yr event fected Flood management plan (langfristig)
1986 (1952) Stress, psychological health effects, Hazard and Risk Maps
1952 loss of possessions, temporary evacu-

ation, disruption to daily life, reduced

quality of life, holiday disruption

4. Little until 200yr event 90+ properties affected. €8.1 million No flood programme in place 1 0 0
Nov 2009 Water supply affected

5. Oct 2004 65yr event Commercial and residential propertiéot reported Coastal Protection Strategy include8 1 1

affected. Electricity affected flood maps

6. 2004, 2000, 1996 5-25yr events 260 properties (2000) €859 000 Flood Relief Scheme (2012) demount-1 1 major 18
plus more minor 50yr event 250 properties (1996) (2000) able barriers with 100 yr protection several
floods (2004) €774000 minor

(1996)

7. Severe tidal 100yr event 120 properties affected (2002) €7.6 million CFRAM study includes flood maps, 0 3 12
floods Feb 2002 (2002) 340 properties affected (1986) (2002) structural defences.
Hurricane >100yr event Over €30 mil- Tidal flood warning system
Charlie 1986 (1986) lion (1986)

8. Multiple floods 30yr event Damage to properties, roads, railways€10 million Plan of Tiber basin — Rome to river1 3 5
from the Tiber (2008) electricity, water mouth (2009)

(last 2008)

9. July 2006 >100yr event Large-scale damage: buildings, infras-€155 million Local development — Vibo Valentia O 2 4
pluvial flood. (2006) tructure, transportation, 600 people af- Emergency Programme (2007)

Other floods fected
nearby

10.  Nov 2009 “worst 25yr event 45 properties, nursing home & caravaiot reported Future flood programme awaiting plani 3 2
in living park ning approval
memory”

11.  More than 20 Not reported Residential and commercial propertiesNot reported Recently completed flood programmé Exact Exact
significant floods transport links and agriculture affected with 200 yr protection figures  figures
in50yr un- un-

known  known

12. 2006 1.2yrevent Localised events. Some property damNot reported Some structural defences present 2 0
2000 (2006) age.

13.  None but N/A N/A N/A No structural programme. SEPA Flood- 0 5 minor 3 minor
classified as line system
vulnerable by
SEPA

respondents accepting they were at risk. Awareness was sulbesilience levels remain high. Conversely, long periods with-
sequently found to be strongly correlated to previous floodout floods will serve to diminish awareness (Burn, 1999).
experience (chi-square6.7,df =1, p = 0.006) (Fig. 3a). This can be compounded for flood managers in urban areas
These results in themselves are not surprising and are corwhere populations tend to be more mobile, with the result
sistent with the findings of others where previous experi-that knowledge of a localised flood risk may not readily be
ence is shown to be of importance in the learning procespassed on between generations (Blyth et al., 2001); a prob-
of dealing with floods (Pagneux et al., 2011; Burningham etlem that increases as the duration between floods becomes
al., 2008; Miceli et al., 2008; Weinstein, 1989). Flood eventsgreater. The onus, therefore, is on flood managers to ensure
serve as reminders in a behavioural sense of appropriate athat knowledge from experienced flood victims is captured
tions that should be taken (Wilson, 1990) and frequent in-and used as a resource in the development of flood risk man-
undations ensure that the perception of risk and associatedgement plans. Relating the hazard to possible consequences

www.nat-hazards-earth-syst-sci.net/12/2299/2012/ Nat. Hazards Earth Syst. Sci., 12, 222889 2012
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Table 3.Key variables investigated in questionnaires in Belgium (B), Finland (F), Germany (G), Ireland (IR), Italy (IT) and Scotland (S).

Key topic Key variables investigated B F G IR IT S
Awareness Perception of living in a flood risk area (Yes/No) NV VAV AN AV
Awareness of evacuation routes (Yes/No) J - & - = =
Worry Degree of worry regarding floods N Y N
(Likert scale: Not worried at all - greatly worried)
Preparedness  Self-assessed levels of personal preparedness VARV VARV ARV
(Likert scale: Not prepared at all - very well prepared)
Experience Residence flooded previously (Yes/No) oo N N N Y
Evacuation during previous floods (Yes/No) v - - =Y
Demographics  Gender VARV ARV ARV
Age -V -V YV
Education v -V v VY
Employment VA AV AV AV
Table 4. Gender, attained education levels, employment status and age of respondents.
Country Belgium Finland Germany Ireland ltaly Scotland Average
Gender Male 67.6% 49.2% 80.8% 52.9% 49.45% 52.7% 542%
Female 324% 50.8% 192% 47.1% 50.6 % 47.3% 45.8%
Education 1st level 3.4% - 0% 10.2% 28.4% 30.9% 15.3%
2nd level 44.7% - 269% 39.8% 51.3% 9.8% 39.5%
3rd level + 51.9% - 73.1% 50%  20.3% 59.3%  452%
Employment Employed 58.9% - 885% 64.9% 62.6% 55.5% 62.6 %
Unemployed 2.9% - 3.8% 6.3% 3.9% 24% 4.5%
Student 0.5% - 0% 22% 9.5% 0.8% 3%
Homemaker 3.9% - 0% 4.9% 12.8% 5.6% 6.1%
Retired 33.8% - 77% 21.7% 11.2% 35.7% 23.8%
Age <25 - 4.0% - 1.2% 13.1% 0.8% 4.8%
25-34 - 5.9% - 135% 19.8% 3.9% 10.8%
35-44 - 158% - 185% 25.3% 26.6% 21.6%
45-54 - 252% - 21.3% 19.8% 19.5% 21.5%
55-64 - 189% - 20.1% 15.6 % 23.4% 19.5%
65+ - 30.1% - 254% 6.3% 25.8% 21.9%

can potentially generate greater concern amongst individupreviously flooded. However, results indicate that a signifi-
als to empower them to seek more information for use in thecant number of respondents £ 118) were unaware of any
planning of effective mitigation strategies. This problem canrisk despite having direct experience of previous floods. This
also be addressed by the continued provision of informatiorissue was further investigated in the Irish case study areas
that highlights the existence of a risk and prescribes approwhere questionnaire returns were referenced to geo-spatial
priate preventive and protective measures. Drawing attentiomlata. It was found that respondents who fell into this cate-
to local flood management plans is, therefore, important ingory resided in areas adjacent to structural flood protection
this regard. works that had been constructed since the last reported flood.
From a flood risk management perspective, those thaResults suggest, therefore, that residents in the vicinity of
are at risk but don't consider themselves to be (approxi-structural flood defences are instilled with a false sense of se-
mately 20% of respondents in this study), are potentiallycurity and believe themselves to be immune from future flood
of more concern. The lack of awareness of flood risk re-risks. As one respondent quoted “With the flood defences
ported in this study could be explained, perhaps even jusnow in operation, | could not imagine being flooded again”.
tified, if those ¢ = 238) that were unaware had not been Similar results of low public risk awareness in structurally
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protected areas have been shown in the literature (Ludy and.2 Risk perception and preparedness
Kondolf, 2012; Terpstra, 2010; Lassa, 2011). However, it is
unclear whether residents in these studies had been flooded
previously. Further to this, it has been shown that govern-High levels of preparedness will contribute to individual and
ment policy also overlooks residual risk, with lands behind community resilience and facilitate an improved response
structural defences not considered at-risk areas, often hawe a flood, thereby, reducing adverse consequences (Paton
ing only rudimentary flood warning systems (Ludy and Kon- et al., 2006). Respondents in Belgium, Finland, Germany,
dolf, 2012; Handmer, 2001). While in fact there is increasedlreland and Italy £ = 1231) were requested to self-assess
damage potential for those living behind structural flood de-their preparedness levels, with just 34 % of these respon-
fences (Enserink, 2004). Following from Fig. 1, it could dents feeling prepared for future floods. While it may be
be hypothesised that this reduced awareness in those livexpected that an awareness of residing in a flood risk area
ing close to structural defences is due to decreased levels afiould promote higher levels of preparedness, an indepen-
worry resulting from the structural measures. However, andent samples t-test found this not to be the case .41,
independent samples t-test showed this not to be the caséf = 1100, p = 0.68). This suggests that increasing aware-
(t=1.6,df =752, p=0.102). Findings of the URFlood ness on its own will not necessarily result in increased levels
project highlighted low levels of understanding of the prob- of preparedness. Although risk awareness had no direct in-
abilistic terminologies that describe flood magnitudes andfluence on flood preparation, a significant relationship was
identified a disconnect between the language used by the erfeund between previous flood experience and preparedness
gineering community and that understood by the public atlevels ¢ = 6.6,df = 1182,p < 0.001) (Fig. 3c). This higher
large (Bradford et al., 2011). This failure to understand keylevel of preparedness may in part be explained by the desire
terms is likely to be a contributing factor to the perceived im- of individuals to avoid the often unanticipated negative emo-
munity to risk of those protected by formal flood protection tions of insecurity, fear and helplessness experienced during
structures. As such structures are designed to provide a spee-flood event (Terpstra, 2011). The positive impact of this ex-
ified level of protection quantified in terms of recurrence in- perience may, however, be relatively short lived (Weinstein,
tervals or return periods, public understanding of these term4.989; Mulilis et al., 1990). In addition, it is common for in-
will lead to recognition that these structures will be exceededdividuals to assume that future flood events will be of the
for events greater than the design capacity. A lack of awaresame magnitude as those previously experienced and may,
ness of and a ‘switching off’ to a prevailing residual risk will therefore, only take mitigating actions that would have been
adversely affect the ability of residents to respond to a flood,appropriate for these prior events (Burn, 1999; Weinstein,
should it arise. This presents additional challenges to floodl989; Green et al., 1991; Howe, 2011). Furthermore, those
managers in these areas that need to be overcome by contithat experience extreme events where mitigation measures
ued education and communication of these remaining risks.taken were of little use can be overcome with a sense of
Other explanations for the poor awareness amongst thoskelplessness that can lead some individuals to conclude that
who were previously flooded may include a denial of risk, a damage will result regardless of actions taken to protect prop-
reluctance to accept risk or a lack of concern regarding theerty (Slovic, 2000). Findings from this study indicate, there-
risk. These factors can be attributed to unrealistic optimism fore, that a strong case exists for disseminating preparedness
psychological attachment to the home or economic interestinformation specifically to those in vulnerable communities
in not wishing to devalue the home by accepting and ac-that have no direct experience of floods or those whose ex-
knowledging risk (Burningham et al., 2008;08grg, 2000;  perience is based on events from some time in the past. The
Poortinga et al., 2011; Rippetoe and Rogers, 1987). Thesanportance of being prepared and methods of improving pre-
factors represent barriers to community resilience and neegaredness levels needs also to be continuously highlighted in
to be specifically addressed in flood risk management comfocussed flood risk communication strategies.
munication plans. A role exists for the responsible agencies Gender differences in perceived preparedness levels were
together with local and national media sources in this regardobserved within the sample with males reporting higher lev-
Examples could include discussing risk in the media as wellels than their female counterparts={ —4.9, df = 1154,
as at the local, regional and national level to normalise thep < 0.001). However, the reasons for this are somewhat un-
concept of flood risk and help reduce risk denial. Publish-clear and the finding may reflect higher confidence levels
ing risk maps will identify at-risk areas and allow discussion of males in their ability to take preventative actions, influ-
to take place within the community, facilitating further ac- enced by the role of the male in the family context (Miceli
ceptance of risk. Levels of risk awareness were shown to bet al., 2008). As self-efficacy has a positive influence on pre-
unrelated to the demographic factors assessed in this studyentive behaviour (Lindell and Whitney, 2000; Rippetoe and
indicating that efforts to raise awareness need to remain foRogers, 1987), results suggest that providing specific infor-
cussed on all social groupings. Furthermore, no obvious dif-mation on how preparedness measures can be implemented
ferences between those of different nationality or from dif- may increase confidence of women in their ability to pro-
ferent case studies were observed. tect their property. Stressing the importance of preparedness
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measures to all members of a household is, therefore, esseimmportant influence on whether individuals decide to evacu-

tial. ate during a flood emergency (Burnside et al., 2007; Smith
and Tobin, 1979; Krasovskaia et al., 2001). Of the sample
4.3 Risk perception and worry analysed in this study, 17 % of 393 respondents who had ex-

perienced flooding in Belgium, Ireland and Scotland, evac-

Worry, fear or concern is reported as being either a directuated their premises during the most recent floods. A fur-
or indirect motivator for promoting preventive behaviour ther 64 % of 233 respondents in Belgium and Germany ex-
amongst those at risk (Weinstein, 1989; Grothmann andpressed an awareness of evacuation routes. The influence of
Reusswig, 2006; Tanner et al., 1991). Self-assessed levels tfie indicators of risk perception (Fig. 1) in evacuation be-
worry were, therefore, investigated in the Belgian, Finnish, haviour was assessed. Higher levels of risk awareness were
German and Italian case studies. The majority of respondentshown to be correlated to those who chose to evacuate prop-
(65 % of 795) stated that they frequently worry about beingerties (chi-square-5.05,df = 1, p = 0.015) but this aware-
flooded. This increased significantly for that fraction of the ness was not shown to translate to knowledge of evacuation
sample that had either direct experience of flooding (Fig. 3b)routes. The findings support results from Sect. 4.2 that aware-
or were aware of their exposure to a flood rigk=(7.9, ness alone is not sufficient to cause those at risk to take pos-
df =729,p <0.001 and =7.2,df = 227,p < 0.001, re- itive action. Furthermore, independent samples t-tests indi-
spectively). Those with lower levels of education were alsocated that no significant relationship was found between lev-
found to worry more about floods (1-way AnovA,= 5.9, els of worry and previous evacuations. A relationship was,
p < 0.003) supporting research byd®prg (1998). Given however, found between worry and knowledge of evacua-
that a relationship exists between education and income levtion routes { = 2.3, df = 209, p = 0.023) suggesting per-
els (Hansen, 1970), it may be inferred that those in higher in-haps that while worry may not lead directly to increased pre-
come brackets worry less about the consequences of floodparedness levels, it may lead to an increased understanding
While this social grouping may experience greater financialof the local impacts of floods. Those that evacuated proper-
loss than those less well off, better insurance cover togetheties in previous floods were shown to have higher prepared-
with the resources to more easily repair damaged propertiesess levelst(= 2.8,df = 364, p = 0.006) indicating that the
and replace lost belongings ultimately reduces the impacts ofipheaval and emotional stress expended during evacuations
floods. may instil a willingness amongst some to implement prepara-

Results contrast somewhat with other studies which foundory measures. The inclusion of personal accounts from flood
no relationship between worry and risk awareness or educavictims in ongoing flood communications can serve to high-
tion (Pagneux et al., 2011; Poortinga et al., 2011). Moreoverlight adverse impacts of floods with a view to reinforcing
women are often found to worry more about risks in the lit- the need to take mitigating measures. Knowledge of evac-
erature (Poortinga et al., 2011;88erg, 1998), however, a uation routes, associated with higher levels of worry, also
strong relationship was not found between worry and gendeted to respondents feeling more prepared for floods 7.6,
in this study { = 1.8,df = 750, p = 0.07). Furthermore, no djf = 181, p < 0.001). This shows the need for locally tai-
significant relationship was found between worry and pre-lored information that identifies safe routes and appropriate
paredness levels within this study (1-way Anova= 1.4, actions in times of flood.
p = 0.234) suggesting that worry on its own is not enough to
motivate preventive behaviour for flood risks. Fear arousal is#.5 General discussion
often advocated in order to increase risk perception (Kievik o ) )
and Gutteling, 2010; Witte, 1992). For example, a 2005 cam-T he findings of this study advance the understanding of how

paign by the UK Green Party using an image of a catastrophfiSk awareness, worry _and preparedness contribute to the
ically flooded and drowned Britain is described by O'Neill COncept of risk perception. Figure 1 shows awareness con-

and Nicholson-Cole (2009) as a “fear appeal”. As fear igtributing to worry and worry contributing to preparedness

measured by ratings of concern or worry (Rogers, 1975), thidevels with the effect, that elevating any of the three indi-

study shows that communications that evoke fear in vulnercators, raises perception and resilience. However, a similar

able communities may not promote the desired response Jramework (Fig. 4) for the current study shows no correlation

results show that worry does not increase preparedness. ThREIWeen worry or awareness and preparedness levels. Worry
is reflected in climate change literature which reinforces the!S: therefore, found not to be the central characteristic in the

view that campaigns inducing fear are unlikely to promote Nk between awareness and preparedness. The findings do,
engagement (O'Neill and Nicholson-Cole, 2009). howeyer, reinforce the significance of dwec_t rooc_:I experience
in raising these three elements of perception. Findings show
that while risk awareness is linked to concern of this risk,
awareness and worry are not correlated to high levels of pre-
paredness which would serve to enhance resilience.

4.4 Risk perception and evacuation plans

Efficient evacuation plans are becoming increasingly impor-
tant in flood risk management. Risk perception can have an
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evoke fear in vulnerable communities may not promote the
desired response.

Recommendations from this study can be summarised as
Awareness Worry Preparedness follows:

1. as awareness is increased by previous flood experience,
capturing knowledge from experienced flood victims
can be used as a resource in flood risk communication;

Previous flood
experience

mmm)  Positive effect 2. providing understandable statements on risk will lead
samsema)  Missing ink/ no effect to recognition that structural protection measures W|I_I
be exceeded for events greater than the design capacity,

Fig. 4. Relationship between elements of risk perception in current thus, reducing the issue of residual risk;

study. . . .
y 3. preparedness information needs to be tailored to those

who are at risk, but have no direct experience of floods
or whose experience is based on events from some time

Given that significant numbers without direct flood expe- ) i
in the past;

rience continue to reside in areas exposed to flood risks, con-

sideration from flood risk managers must be given to meth- 4. including personal accounts from flood victims in ongo-
ods of how best to prOVide flood related information that |ng communications can serve to h|gh||ght adverse im-

serves to raise preparedness levels in the absence of the ex- pacts of floods, reinforcing the need to take alleviation
periential learning developed when dealing with flood events. measures;

Based on the findings of the Irish and Scottish case studies

in the URFlood project, the challenge is likely to be com- 5. locally tailored information that identifies safe routes
pounded in some communities where there is a belief that ~ and appropriate actions in times of flood should be pro-
emergency responders and flood risk agencies are solely re-  vided;

sponsible for implementing preventative measures to protect

properties and that self-protection is less important (Bradford 8- Providing specific information on easily implementable
etal., 2011). mitigation measures will increase confidence, espe-

cially in women, in personal ability to protect property;

7. as worry does not increase preparedness, communica-
5 Conclusions tion strategies should not aim to evoke fear in vulnerable

_ _ . _ communities.
Flood risk management plans have become increasingly im-

portant as a result of observed climate change impact and &abhe practical findings in this study gathered through an inno-
a requirement of the EU Floods Directive 2007/60/EC. As vative approach in utilising a social resilience model will fa-
these plans must take into account not only the physical naeilitate flood managers in developing management plans that
ture of the risk but social factors, public risk perception mustallow for the complexity in public perceptions of this risk.
be at the core. Since the public view risk in a significantly The paper will be useful in preparing risk communication
different manner to the scientific community, those respon-strategies that will increase flood resilience in at-risk com-
sible for developing flood risk management plans need tomunities.
understand the ways in which members of the public dis-
cern risk. Lack of understanding by authorities is known to
cause failures in flood risk management policies. The studyAcknowledgementsThe authors would like to thank the ERA-Net
presented represents a novel approach towards incorporatirﬁﬁL_JE research initiative in_ addition to the natio_nal_ funding organ-
public perceptions in the development of flood risk manage_lsatlons: Flgndgrs IT.|ydr.auI|cs Research; the Finnish Government;
ment plans. Based on an innovative approach of developindgundesministeriumdr Bildung und Forschung (BMBF), through
. - . . TKA (Project Management Agency Research Centre Karlsruhe);
a social resilience model based on risk perception character;

L dati d h . f he Irish Office of Public Works; Istituto Superiore per la Protezione
Istics, recommendations were made on how to improve floo la Ricerca Ambientale (ISPRA); the Scottish Government and the

risk communication strategies. Risk perception can be chargpyironment Agency. Special thanks to the representatives of the

aCterise_d as acombi.nation of awareness, worry and preDar?ﬁ’esponsible organisations and administrations in each case study
ness. Findings of this study, however, indicate that worry isarea.

not the central link between awareness and preparedness. Al-
though fear arousal is often advocated in order to increasé&dited by: S. Mariani
risk perception, these results show that communications thaReviewed by: two anonymous referees
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