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Abstract

While the methods of risk analysis are generally based on objective measurements, the
subjective assessment of risk, such as risk perception, is currently considered a crucial
aspect in the context of flood risk management. Risk perception is regarded as an
assessment of the perceived probability of hazard and the perceived probability of the
results (most often—negative consequences). The work attempts to answer the question:
What determines flood risk perception? The knowledge of the factors influencing flood risk
perception can solve the issue of the society’s underestimation of flood risk. This issue was
considered both in terms of the impact of particular factors on flood risk perception and the
interrelationship between three characteristics of flood risk perception: preparedness,
worry and awareness. The results were developed based on critical analysis of the
empirical research. The review shows that the way particular characteristics determine
flood risk perception is not clear and many authors show the diverse conclusions from the
similar research. Taking into account various research results, the following factors were
distinguished: primary (which clearly influence risk perception), secondary (which influ-
ence it unclearly and require further research) and intervening (often describing the con-
text). The organization of the results of the research on the flood risk assessment conducted
herein aims to improve the understanding of the human perception of flood risk and, as a
result, will lead to the decrease in flood risk by improving the communication of the issue
and motivating the residents of the endangered areas to take actions that reduce the
negative effects of floods.
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1 Introduction

The research on risk perception is mainly the domain of sociological sciences but it also
perfectly fits issues in human geography or socio-economic geography, which emphasise
not only a sociological aspect of the phenomenon but its economic and spatial dimensions
as well. Without any knowledge of local or regional conditions, the possibilities to learn
about risk perception are reduced, whereas the research results may lead to totally con-
tradictory conclusions.

Floods represent about one-third of all natural disasters (UNISDR 2005). Together with
storms they comprise 77% of economic losses caused by extreme weather events from
1980 to 2006 in Europe (CEA 2007).

Risk perception is defined as an assessment of the probability of hazard and the
probability of the results (most often—the negative consequences) perceived by the society
(Bubeck et al. 2012; Becker et al. 2013; Grothmann and Reusswig 2006). Kellens et al.
(2011) consider the study of flood risk perception as a research on human consciousness,
emotions and behaviours with regard to hazards. According to Bubeck et al. (2012), the
majority of the reviewed studies present the assessment of risk perception only with
regards to the probability of a flood occurrence (see: Kreibich et al. 2005; Takao et al.
2004; Thieken et al. 2007; Miceli et al. 2008; Lindell and Hwang 2008). Raaijmakers et al.
(2008) specify the definition of flood risk perception as a combination of three specific
factors of risk—awareness, worry and preparedness.

While the methods of risk analysis are usually based on objective measures, the sub-
jective risk assessment, such as risk perception is currently considered a crucial aspect in
the context of flood risk management (Kellens et al. 2011). The necessity to take flood risk
perception into account while conducting flood risk management is commonly emphasised
as part of the social context (Renn 2005; Brown and Damery 2002). It is crucial, as it
determines the attitude (the level of preparation for a flood) and the possible behaviour of
the residents of floodlands when faced with a flood. Knowledge of public risk perception is
meant to assure an improvement in the effectiveness of flood risk management (Kellens
et al. 2011). Understanding how society perceives flood risk is of crucial importance in
determining a fitting method of spreading information about the flooding, meant to increase
the society’s trust in its government and will lead to greater capability to react to floods as
well as increase social resilience (Bradford et al. 2012). According to Bradford et al.
(2012), the public perception of risk must be in the centre of attention, because the
authorities’ lack of understanding the society is the reason for failure in the politics of flood
risk management.

In fact, perception (the level of a flood risk perceived by the society) often does not
coincide with the flood risk level determined by the experts (see Duzi et al. 2014; Dziatek
et al. 2013b; Ceobanu and Grozavu 2009; Heijmans 2001). They tend to perceive flood risk
more realistically than the whole of society (Krasovskaia et al. 2001). People underesti-
mating the flood risk are a major problem and a challenge in managing it. Knowledge of
the factors influencing the subjective flood risk perception can solve this problem and lead
to a decrease in the flood risk by motivating the residents of endangered areas to take
actions that mitigate negative effects of floods (cf. Becker et al. 2013). When faced with
diverse perceptions of the flood risk, it is necessary to know the factors influencing flood
risk perception. That would allow developing a strategy for communicating the danger that
would increase the communities’ resistance to a flood hazard (Bradford et al. 2012).
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Messner and Meyer (2006) claim that the process of communication regarding flood risk
and its perception should be promoted as a foundation of politics of flood risk management.

Over the last 20 years seven review studies on flood risk perception have been pub-
lished (i.e. Boholm 1998; Bradford et al. 2012; Bubeck et al. 2012; Wachinger et al. 2013;
Kellens et al. 2013; Birkholz et al. 2014; Raska 2015). Boholm’s work (1998) does not deal
with flood risk factors but compares the transnational research results of the assessment of
the qualitative features of the risk concerning natural, technological, nuclear and other
disasters (flooding included) conducted in 1978-1997. The paper of Bradford et al. (2012)
is not exactly a study review, but it touches upon mutual dependencies between pre-
paredness, worry and awareness based on the research conducted under two strictly
determined projects embracing 6 European countries. It includes only demographic factors
of flood risk perception and the spatial scope of analyses is strictly limited. Bubeck et al.
(2012) deal only with part of the issue depicted in this work, i.e. they describe factors
influencing preparedness. In turn, the review of Wachinger et al. (2013) focuses on just two
factors of risk perception of natural hazards (experience, trust in authorities and experts).
The review of selected factors influencing flood risk perception and preparedness was short
and conducted only marginally in the work of Kellens et al. (2013). It was not its main aim.
Birkholz et al. (2014) do not describe in any way flood risk factors, but focuses on the
explanation of the basic constructs applied to understand flood risk perception. Raska
(2015) limited the review of factors that determine flood risk perception to East-Central
Europe only. On the one hand, he concentrates on post-communist countries and indicates
certain regularities. On the other hand, because of the territorial limitation, he did not
include many other valuable empirical works. Hence, the existing reviews did not attempt
to comprehensively describe the factors of flood risk perception on the basis of the results
of empirical studies. As the research on the flood risk is socially significant, an overview of
the current knowledge in this field is considered necessary.

The article aims to prepare a list of factors considered in research on flood risk per-
ception and classify them by the nature and type of influence on flood risk perception and
then formulate recommendations regarding further research in this area, based on the
empirical research analysis. The nature of a factor results from the kind of life of persons
investigated and the analysed features of individuals. When it comes to the type of the
influence of the factor on flood risk perception, it has been found to be either clear or
unclear or maybe even excluded, based on the research results described in the literature.

Numerous studies regarding the analysis of flood risk perception have been conducted.
The works mostly regard the relations between the three basic elements which characterise
flood risk—awareness, worry and preparedness (listed by Raaijmakers et al. 2008), as well
as the factors that influence them.

Interestingly, the results of the studies on flood risk perception conducted so far are
often contradictory and, therefore, should be systematized. Boholm himself (1998, p. 153),
in one of his works devoted to the review of comparative research on risk perception drew
the conclusion that “we should be systematizing results” which are often contrasting. That
was accomplished in this article and constitutes the original contribution of this work. The
arrangement of the relations between various elements of the risk and potential factors
influencing its perception presented herein will improve the understanding of human
perception of flood risk and, as a result, will lead to the improvement in communicating the
risk and decreasing it.

The work is divided into seven main parts, of which the first one is introductory in
character and describes the paper structure. The second contains the applied method of a
literature review and the characteristics of the collected works. The third part shows the
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fundamental division of flood risk perception factors, and the fourth, most extensive,
directly refers to the issue in question. This part of work presents the factors influencing
individual elements which characterise flood risk perception (i.e. awareness, worry, pre-
paredness); then, the factors that generally impact flood risk perception were detailed and
the interrelations between the above-mentioned characteristics of risk and the general
perception of flood risk were described. This pattern/order of reviewing the factors arises
from the research methods presented in literature, since some studies focused only on the
analysis of a single risk characteristic out of the three or analysed each characteristic
separately, while others referred to the perception of risk as a whole. The next chap-
ter involves the division of factors according to the character and type of influence on flood
risk perception. Two last parts comprise the conclusions and recommendations for further
research.

2 Methods

The research on flood risk perception is highly productive. It is a dynamic field of an
empirical investigation which cannot be examined thoroughly and constitutes a large
output that should be used at least in flood risk management.

A systematic review was conducted in three stages. The Google Scholar, Web of Science/
Knowledge and Scopus databases were searched for appropriate research works via the
following keywords: flood risk perception, risk perception, flood, factors, awareness, worry
and preparedness, trust, fear, emotion, denial, risk underestimation, action, attitude, disasters,
vulnerability, resilience. The above-mentioned electronic databases include numerous
published research works in a variety of fields. Account has been taken of works published
over the last 20 years in order to detect contemporary trends in research on flood risk per-
ception. Afterwards, the abstracts, introductions, discussions and conclusions of the selected
works were reviewed. That enabled the preparation of an initial list of factors that could
potentially influence flood risk perception and its basic characteristics. Finally, if the analysed
above sections of an article were closely related to the subject of the notion of interest, the
(whole) article was studied in-depth. Moreover, if the given article referred to any other work
directly related to the issues raised, the latter was also reviewed in the same manner. The
above constituted the procedure of isolating relevant information and data from the available
documents. The selection of research was made with a “snowballing” strategy.

As a result, 50 empirical studies were overviewed, which mainly focused on the simple
purpose of determining the level of flood risk perception in a given community and
analysed it in relation to the factors previously specified on the basis of the literature
review or resulting from the research objective (Table 1).

The collected empirical studies on flood risk perception primarily represent a psycho-
metric approach. They seek to describe the social phenomenon in a statistical manner.
Psychometric studies consist in a quantitative analysis of individual risk perception (Fis-
chhoff et al. 1978; De Marchi 2007). They assume the existence of cognitive patterns
thanks to which the investigated phenomena can be modelled (Kellens et al. 2013). As a
result, the factor in this work is mainly understood as an independent variable considered
in modelling a social phenomenon such as flood risk perception.! The selected research is
rather exploratory than theoretical.

' It should be noted, however, that in the analysed works methods determining mutual dependence between
variables were sometimes used (e.g. a correlation coefficient). In such a case it was herein assumed that this
co-dependence (covariance) would be treated as a one-way dependence.
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Table 1 Flood risk perception factors in the empirical research

Factors

Empirical papers

Individual’s physical location

Flood characteristics

Residence characteristics

Size of consequences

Range of impact

Direct experience

Miceli et al. (2008)
Botzen et al. (2009a)
Botzen et al. (2009b)
Zhang et al. (2010)
Kellens et al. (2011)
Ludy and Kondolf (2012)
Ho et al. (2008)

Takao et al. (2004)

Grothmann and Reusswig
(2006)

Lindell and Hwang (2008)
Biernacki et al. (2009)
Armas and Avram (2009)
Hung (2009)

Kellens et al. (2011)
Takao et al. (2004)

Grothmann and Reusswig
(2006)

Raaijmakers et al. (2008)
Siegrist and Gutscher (2008)
Sjoberg (1998)

Miceli et al. (2008)

Barnett and Breakwell (2001)
Baan and Klijn (2004)
Kreibich et al. (2005)

Grothmann and Reusswig
(2006)

Thieken et al. (2007)

Siegrist and Gutscher (2008)
Lindell and Hwang (2008)
Miceli et al. (2008)
Burningham et al. (2008)
Biernacki et al. (2009)
Armas and Avram (2009)
Botzen et al. (2009a)
Zaalberg et al. (2009)
Terpstra et el. (2009)
Terpstra (2009)

Duzi et al. (2014)

Oasim et al. (2015)

O’Neill et al. (2016)
Bustillos Ardaya et al. (2007)
Bera and Danek (2018)

Dzialek et al. (2013a)
Dziatek et al. (2013b)

Oasim et al. (2015)
Stojanov et al. (2015)
Koks et al. (2015)
Thistlethwaite et al. (2018)

Miceli et al. (2008)
Ho et al. (2008)

Biernacki et al. (2009)
Stojanov et al. (2015)
Thistlethwaite et al. (2018)
Bera and Danek (2018)
Kellens et al. (2011)
Kreibich et al. (2011)
Pagneux et al. (2011)
Terpstra (2011)

Botzen and van den Bergh
(2012)

Ludy and Kondolf (2012)
Duzi et al. (2014)

Oasim et al. (2015)

Stojanov et al. (2015)

Armas et al. (2015)
Comanescu and Nedelea (2016)
Bustillos Ardaya et al. (2007)
Thistlethwaite et al. (2018)
Bera and Danek (2018)
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Table 1 continued

Factors

Empirical papers

Socio-economic and demographic
profiles

Information (knowledge)

Indirect experience

Cultural-historical context

Religious context
Political context

Sjoberg (1998)
Cutter et al. (2003)
Baan and Klijn (2004)

Grothmann and Reusswig
(2006)

Knocke and Kolivras (2007)
Siegrist and Gutscher (2008)
Lindell and Hwang (2008)
Miceli et al. (2008)
Burningham et al. (2008)
Armas and Avram (2009)
Botzen et al. (2009a)
Zaalberg et al. (2009)
Terpstra (2009)

King (2000)

Thieken et al. (2007)

Raaijmakers et al. (2008)

Siegrist and Gutscher (2008)
Lindell and Hwang (2008)
Miceli et al. (2008)
Biernacki et al. (2009)
Botzen et al. (2009a)
Botzen et al. (2009b)
Cutter et al. (2003)
Biernacki et al. (2009)
Terpstra et al. (2009)
Dziatek et al. (2013a)
Dziatek et al. (2013b)
Schmuck (2000)

Grothmann and Reusswig
(2006)

Terpstra and Gutteling (2008)
Terpstra et el. (2009)
Terpstra (2009)

Hung (2009)
Kellens et al. (2011)
Scheuer et al. (2011)

Botzen and van den Bergh
(2012)

Ludy and Kondolf (2012)
Poussin et al. (2014)

Duzi et al. (2014)

Oasim et al. (2015)

Stojanov et al. (2015)

Koks et al. (2015)

Bustillos Ardaya et al. (2007)
Thistlethwaite et al. (2018)
Bera and Danek (2018)

Heitz et al. 2009

Botzen and van den Bergh
(2012)

Bichard and Kazmierczak
(2012)

Dziatek et al. (2013a)
Dziatek et al. (2013b)
Duzi et al. (2014)

Armas et al. (2015)
Comanescu and Nedelea (2016)
Bustillos Ardaya et al. (2007)

Dziatek et al. (2013a)
Dziatek et al. (2013b)
Bustillos Ardaya et al. (2007)
Armas et al. (2015)

Hung (2009)

Heitz et al. 2009
Terpstra (2011)

Bichard and Kazmierczak
(2012)

Various research methods, often related to the chosen research purpose, were used to
asses flood risk perception in the selected works. They included: a telephone survey
(Becker et al. 2013; Grothmann and Reusswig 2006; Dziatek et al. 2014), structured
telephone interviews (Dziatek et al. 2013b), in-depth interviews (Dziatek et al. 2014), a
questionnaire survey (Armas and Avram 2009; Kellens et al. 2011; Raaijmakers et al.
2008), “door-to-door” interviews/questionnaire (Duzi et al. 2014; Stojanov et al. 2015),
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semi-structured interviews (Fitton et al. 2015; Bustillos Ardaya et al. 2007), personal hand-
over (Pagneux et al. 2011; Kellens et al. 2011; Bradford et al. 2012; Werritty et al. 2007),
post boxes (Kellens et al. 2011; Bradford et al. 2012; Werritty et al. 2007), via local
schools (Dziatek et al. 2014), focus groups (Dziatek et al. 2013b; Werritty et al. 2007),
online surveys (Bradford et al. 2012). Also there were many sampling methods used in
those studies including random sampling (Armas and Avram 2009), accidental sampling
(Pagneux et al. 2011) and snowball sampling (Fitton et al. 2015). It should be emphasised
that the questions about the perception of flood risk were formed in a different way, either
as closed or open-ended questions. It also needs to be emphasised that diverse statistical
methods to estimate the impact of particular factors on flood risk perception and to find
relations between awareness, worry and preparedness were applied. In most cases those
were: correlation analysis (Kellens et al. 2011; Kreibich et al. 2005; Lindell and Hwang
2008; Miceli et al. 2008; Takao et al. 2004; Thieken et al. 2006, 2007; Grothmann and
Reusswig 2006; Knocke and Kolivras 2007; Miceli et al. 2008), a Chi squared test
(Werritty et al. 2007; Bradford et al. 2012), independent samples t-tests (Bradford et al.
2012), one-way analysis of variance ANOVA (Armas and Avram 2009; Bradford et al.
2012; Pagneux et al. 2011), regression analysis (Kellens et al. 2011; Duzi et al. 2014;
Lindell and Hwang 2008; Siegrist and Gutscher 2006; Grothmann and Reusswig 2006;
Miceli et al. 2008; Stojanov et al. 2015). They were also conducted at different times from
the last flood, or from the last improvements in flood protection. Questionnaire surveys
were carried out among people of different cultures and histories living in different
countries (in Europe, Asia, America) close to rivers with different regimes.

3 Factors of flood risk perception

Literature distinguishes numerous factors generally influencing the perception of flood risk
or its individual elements. Tobin and Montz (1997) divide factors influencing the per-
ception of risk and its main elements (awareness, worry, preparedness) into two groups:
situational and cognitive ones. The former include:

e the physical location reflecting proximity to a hazard (the probability of the occurrence
of flood);

e the nature of the flood (since a violent mountain flood is perceived differently to a

lowland flood that is long-term in nature and can be predicted beforehand);

the extent of the effects;

the experience;

the level of hazard awareness and the degree of its uncertainty;

socio-economic and demographic factors of the population (gender, age, education,

income, number of children);

e the residence characteristics (owning a house, type of a building, presence of a ground
floor, cellar);

e the cultural-historical context;
voluntary/involuntary nature;

e the group of people influenced by the flood (individuals can perceive a risk differently,
depending on whether they are directly influenced themselves, their families are
influenced or it regards people they are not connected to emotionally).

The cognitive factors reflect the personal and psychological elements of an individual and
comprise emotional and behavioural attributes which constitute single emotions caused by

@ Springer



1348 Natural Hazards (2018) 94:1341-1366

the flood and the tendencies to act in a specific way due to the flood (Tobin and Montz
1997; Bradford et al. 2012).

Wachinger et al. (2013) suggest some other division of flood risk perception in their
literature review in which four groups of factors responsible for determining risk per-
ception and natural hazards: (1) Risk factors (scientific characteristics of a risk, perceived
probability of the occurrence), (2) Informational factors (the source and level of infor-
mation), (3) Personal factors (gender, age, education, occupation, personal knowledge,
personal disaster experience, trust in authorities, trust in experts, confidence in different
risk reduction measures, world views and religiousness), (4) Contextual factors (economic
factors, vulnerability indices, home ownership, family status, country, area of living,
closeness to the waterfront, size of community, age of the youngest child).

In turn, Boholm (1998) and Birkholz et al. (2014) in their reviews use the term ‘con-
textual factors’, referring to: gender, social marginalization, education and occupation or
structural constraints and the political/economic forces. The first relate to social back-
ground factors, the second influence the access to resources and a various degree of
susceptibility of marginalized groups to hazards.

In their work, O’Neill et al. (2016) use the terms of cognitive or behavioural, socio-
economic and geographical factors. When discussing cognitive or behavioural factors they
meant a direct experience of flood and losses, emotional and affective reactions, fear,
worry. Among socio-economic factors they mention age, gender, civil status, education,
income and holding of a building. A geographical factor in this work is distance or
proximity to a hazard.

It is not surprising that in the studies of risk perception, experience is most often firstly
taken into account, then social, economic and demographic factors (Table 1).

4 Relations between preparedness, worry and awareness and their
factors

4.1 Awareness and worry and their factors

Being aware of the risk is connected to a person knowing that he or she resides or is located
in the area of the flood risk. Therefore, it appears obvious that information sharing and the
education of society increase awareness (Raaijmakers et al. 2008; King 2000). According
to Shen (2009), the awareness of the risk decreases when there is little information pro-
vided. Moreover, even experiencing a flood by itself increases a person’s awareness. Thus,
the access to information significantly influences the awareness of living in a hazard area.
Lindell and Hwang (2008) have proved empirically that people who experienced this
disaster were much more aware than people not familiar with it. Therefore, awareness rises
together with the experience of flood, which was confirmed by the research of Bradford
et al. (2012). It needs to be emphasised that the level of risk awareness is also connected to
demographic factors (Bradford et al. 2012). Biernacki et al. (2009) claim that raising
awareness of danger among inhabitants is very difficult, especially in areas where disasters
occur rarely. Attention is paid to the influence of the dread and the unknown on risk
perception. In the opinion of Kraus and Slovic (1988), the higher the level of the dread and
the unknown, the higher the risk perceived (Table 2).

The influence of experience on the feeling of worry is unambiguous. The occurrence of
flooding itself increases the level of worries. It is additionally multiplied by the losses
suffered due to the flooding. According to Jaracz (2001), the society is more susceptible to
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the extent of potential losses than to the level of probability of the flood risk. Therefore, it
happens that in a high-risk area where there has been no flooding in the recent years the
level of worry is low (Biernacki et al. 2009). Depending on the expected severity of flood
effects, the level of worries of endangered individuals can vary (Raaijmakers et al. 2008).
People usually assume that the size of future floods will be similar to those experienced
earlier (Burn 1999; Howe 2011). Research has shown a dependency between peoples’
education and the level of worry—those having lower education worry more about
flooding (Bradford et al. 2012; Sjoberg 1998). Taking into consideration that there is a
relationship between education and the level of income, one can infer that those with
higher income worry less about the consequences of flood. Although they can suffer
greater financial losses, they are better protected by insurances and they find it easier to
replace lost property and reduce flood effects (Bradford et al. 2012). In literature, it is often
suggested that women are more prone to worrying about risks (e.g. Sjoberg 1998; Poor-
tinga et al. 2011). However, the studies of Bradford et al. (2012) have not shown a strong
relationship between the sense of unease and gender (Table 2).

4.2 Preparedness and its factors

Preparedness concerns not only the preparatory actions before the flood, the application of
mitigating means and the capacity of coping with flood, but also the possibility of recovery
afterwards (Raaijmakers et al. 2008; van der Veen and Logtmeijer 2005).

Recently, more and more empirical research has focused on the analysis of factors
driving the private mitigating behaviours. However, they bring divergent results. For
example, the research results concerning the influence of experience and knowledge

Table 2 Impact of potential factors on basic elements of risk perception presented in literature

Factors Worry Awareness Preparedness Perception (in general)

H_

Location (hazard) +

|
H

Hazard proximity

Living on ground floor

Length of residence

Direct experience + +
Age -
Gender + —
Education + -
Incomes -
Household size (children)

Home ownership

+ KK+ +
H W oH o+ +

H_

Cellar ownership

Knowledge +
Indirect experience

Cultural-historical context

e

Religious context

o+ o+ o+t

Political context

+

“w_

Explanations: “+” clear relation, “+” unclear relation, “—" no relation
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(information) on the level of preparedness are contradictory. On the one hand, the literature
confirms the positive relationship between previous experiences of flooding and the level
of the application of individual mitigating means (Grothmann and Reusswig 2006; Takao
et al. 2004; Biernacki et al. 2009; Siegrist and Gutscher 2008; Lamond et al. 2009; Slovic
et al. 2004; Terpstra 2011; Kreibich et al. 2011; Stojanov et al. 2015; Thistlethwaite et al.
2018). On the other hand, the correlation and regression values indicated are often low or
medium (Grothmann and Reusswig 2006; Siegrist and Gutscher 2006; Thieken et al. 2007;
Miceli et al. 2008; Lindell and Hwang 2008). According to DuZi et al. (2014), it is hard to
claim that floods inevitably influence the selection of family mitigating means. Their
studies and the research of Takao et al. (2004) and Thieken et al. (2007) have shown no
such dependency (Table 2).

Another view claims that reactions to risk situations may differ depending on individual
experiences (Lewis et al. 2011). The studies of Stojanov et al. (2015) show that the size of
damages incurred positively influences the number of protective measures undertaken
before the flood. Furthermore, the experience to date appears to be crucial in the process of
learning how to behave during floods (Heijmans 2001, Miceli et al. 2008; Pagneux et al.
2011). In terms of knowledge about the hazard and its influence on preparedness, Botzen
et al. (2009a) observe a negative relationship between people’s knowledge about floods
and their readiness to invest in preventive measures. Lindell and Hwang (2008) also claim
that there is a direct influence of the information sources on the mitigating behaviours of
people at risk of flooding. However, there are also studies according to which an increase
in knowledge and information does not correlate positively with safety precautions
(Thieken et al. 2007; Miceli et al. 2008), in fact, there is no relation between these two
factors at all (Siegrist and Gutscher 2008). This diversity of research results suggests that
knowledge is not always a useful indicator of behaviours mitigating floods (Bubeck et al.
2012). The obtained results regarding the relation between the location in separate flood
risk zones and steps taken to reduce the danger were unclear. The research of Duzi et al.
(2014) indicates that with an increase in the hazard level (the location of a household in the
zone of higher probability of flooding), the measures reducing the risks are applied more
often. Kunreuther (1996), on the other hand, suggests that people living in highest-risk
areas rarely take measures voluntarily to reduce the effects of flooding, which makes them
more susceptible to catastrophic occurrences (Table 2).

The studies presented in the literature suggest that preparedness for natural disasters and
preventive measures are often related to numerous social and economic factors (Miceli
et al. 2008). The relationship between gender and having children is clear—more men and
households with children take preventive measures (Duzi et al. 2014; Stojanov et al. 2015).
The differences between genders in terms of perceiving the level of preparedness may
reflect a higher level of men’s trust in their own capabilities to take preventive actions
(Miceli et al. 2008). Numerous studies have shown a small or non-existent influence of
education on precautionary behaviours (Grothmann and Reusswig 2006; Lindell and
Hwang 2008; Zaalberg et al. 2009; Knocke and Kolivras 2007; Botzen and van den Bergh
2012). In turn, the income level and age can affect the preparedness in various ways. Some
claim that older residents of floodlands more often take precautionary measures than
younger ones (Dziatek et al. 2013a; Grothmann and Reusswig 2006), while others see poor
or no correlation between the age and being cautious (Lindell and Hwang 2008; Knocke
and Kolivras 2007; Botzen and van den Bergh 2012; Zaalberg et al. 2009). The same is true
with regards to the influence of income on taking individual protective measures—it is
unclear. On the one hand, according to Grothmann and Reusswig (2006), Stojanov et al.
(2015) and Thistlethwaite et al. (2018), income largely correlates with taking mitigating
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measures. People with higher incomes are more prone to investing in the means alleviating
flood effects. Still, the relationship between income and the demand for mitigating mea-
sures is not significant in the studies of Botzen et al. (2009a), Lindell and Hwang (2008)
and Zaalberg et al. (2009). The last researchers correctly observed that social and economic
variables alone are not able to account for precautionary behaviour in the face of flooding
(Table 2).

Furthermore, Grothmann and Reusswig (2006), Harries and Penning-Rowsell (2011)
and Thistlethwaite et al. (2018) have shown a positive influence of owning a house on
taking mitigating steps. When it comes to preventive measures, the type of buildings and,
consequently, the size of a town are important. Villagers usually living in detached single-
family houses are more at risk of natural disasters (especially flooding) than residents of
towns or cities (Biernacki et al. 2009). On the other hand, in larger cities where the
majority of population resides in multi-family blocks of flats some protective measures are
downright impossible (Dziatek et al. 2013a, b). Therefore, there is a large diversity
between the residents of villages and cities or towns, since in the latter the activity in
applying precautionary measures is much smaller. With an increase in the size of towns,
the percentage of residents protecting their households from floods decreases. It does not
mean that preparation is worse. It simply stems from the limited possibilities of protecting
multi-family buildings predominating in cities (Biernacki et al. 2009). What is more, the
distance to the hazard (river) appears to have small influence on mitigating behaviours
(Miceli et al. 2008; Lindell and Hwang 2008; Botzen et al. 2009a) (Table 2).

4.3 Flood risk perception and its factors

Empirical studies unambiguously indicate that knowledge influences risk perception.
According to Biernacki et al. (2009), the perception of dangers and natural disaster is based
on knowledge, which, in turn, is based on the previously gained information. Wachinger
et al. (2013) hold that information broadcast by media shape risk perception to a certain
degree. Messner and Meyer (2006) claim that assessments of risk levels differ due to
varying levels of information and uncertainty. Those having little knowledge about the
causes of floods have lower risk perception (Botzen et al. 2009a; Raaijmakers et al. 2008;
Dziatek et al. 2013b). According to Raaijmakers et al. (2008), providing the public with
information about the flood risk usually increases its perception. Ristic et al. (2012) cor-
rectly notice that the lack of a representative flood database causes the emergence of an
incorrect risk perception. Interestingly, the research of Siegrist and Gutscher (2006) shows
that many respondents are unaware of the existence of flood risk maps, which proves that
people assess the risk of flooding on the basis of experience and the knowledge acquired
from a local instead of the documented calculations (Duzi et al. 2014) (Table 2).

Numerous studies emphasise the role of one’s own experiences in shaping flood risk
perception (Heijmans 2001; Grothmann and Reusswig 2006; Siegrist and Gutscher 2006;
Kreibich et al. 2005; Kellens et al. 2011; Duzi et al. 2014; Barnett and Breakwell 2001;
Botzen et al. 2009a; Armas and Avram 2009; Zaalberg et al. 2009; Slovic et al. 2004;
Bustillos Ardaya et al. 2007). People with a direct experience display a higher level of
flood risk perception (Kellens et al. 2011; Oasim et al. 2015; Thistlethwaite et al. 2018). In
other words, in the areas rarely plagued by floods social risk perception is usually low
(Bradford et al. 2012; Messner and Meyer 2006; Lamond et al. 2009) (Table 2).

Yet, people’s attitudes, especially towards incidental phenomena, change with time
(Comanescu and Nedelea 2016). Usually the sense of danger decreases shortly after the
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given phenomenon (Biernacki et al. 2009). Therefore, society tends to forget about the risk
associated with rare occurrences, such as floods (Raaijmakers et al. 2008; Biernacki et al.
2009; Colten and Sumpter 2009). According to The International Commission for the
Protection of the Rhine (ICPR), flood risk perception usually decreases 7 years after
flooding while catastrophic disasters are remembered much longer (ICPR 2002). The
literature also suggests that the positive influence of experiences on private mitigating
behaviours may disappear several years after the flood (Terpstra 2011). Hence, the time of
the previous flood (time of the experience) plays a major role, since it can be expected that
the experience of the flood that occurred a long time ago has little influence on current risk
perception and mitigating behaviours (Grothmann and Reusswig 2006). Long floodless
periods result in a decrease in the level of worry and awareness (Raaijmakers et al. 2008;
Bradford et al. 2012) (Table 2).

Risk perception can also be strengthened or weakened by an indirect experience. In this
respect, communication networks in the form of media and personal interactions with
people play a major role (Wachinger et al. 2013). In the research of Biernacki et al. (2009)
the most often mentioned source of information on natural disasters and extreme phe-
nomena was mass media. In terms of accessibility heuristics (depicting the cognitive
scheme serving information processing referring to the facts people remember and not to
actual events), attention is paid to the moderating functions of indirect experience (com-
munication channels, especially media reports), which can modify, enhance or weaken the
risk assessment (Boholm 1998; Morgan et al. 2001). In turn, in studies on affect heuristics,
emphasis is put on the notion that judgements and reactions of people (risk perception) are
influenced by emotions and can be manipulated, e.g. by advertisements (Slovic et al. 2004).
In current works on flood risk perception, the role of media in it is not considered. The
earlier studies (before 1998) addressed this problem directly and more widely, i.e. relating
to all potential hazards (technological, social, natural). They prove that media coverage can
contribute to a biased risk assessment, on the one hand emphasising dramatic and catas-
trophic events and neglecting everyday hazards on the other (Johnson and Tversky 1983;
Short 1984). Sjoberg (1996) are of the opinion that relation between media and risk
perception is complex and it cannot be just assumed that media are a constant go-between
in all societies. The role of media in society and their various aims in different political and
economic systems should be taken into account. For example, the work of Englander et al.
(1986) proved that in communist countries media were controlled more by the government
in comparison to democratic states; therefore they do not fully inform about hazards and
diminish risk perception. Media coverage contributes to risk perception especially when
recipients do not have personal experience connected with a risk (Wachinger et al. 2013).
Moreover, the analysed papers emphasise that the capability of people to acquire infor-
mation and to evoke experience depends largely on social structures and the type of social
capital. In societies with bonding social capital characterised by strong social bonds
(villages and small towns) an increase in the importance of spreading information about
local dangers between generations among the residents can be observed (Dziatek et al.
2013a, b). In the case of bridging social capital with weak social bonds the flow of
information is hindered. These are, for example, cities where the populations are more
mobile and people have limited access to information (Dziatek et al. 2013a, b; Cutter et al.
2003). In the opinion of Terpstra et al. (2009) other people’s experiences regarding social
communication (that is hearing or reading about the effects of dangers influencing friends,
relatives, neighbours) influence less individual risk perception than personal experiences.
The studies of Bustillos Ardaya et al. (2007) indicate that local impact and information
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provided by neighbours, family and friends are more important in forming risk perception
than institutional influence (Table 2).

Individual social and demographic features may play a major role in shaping the per-
ception of natural disasters (Chauvin et al. 2007; Botzen et al. 2009a; Armas and Avram
2009; Zaalberg et al. 2009; Peacock et al. 2005). The research of Kellens et al. (2011)
explicitly indicates that older people usually have higher flood risk perception. The situ-
ation is similar with women. Therefore, age and gender are the features determining risk
perception, which is consistent with the results of the research of Lindell and Hwang
(2008) as well as Bustillos Ardaya et al. (2007). However, there are also studies proving
that age does not influence significantly flood risk perception (Oasim et al. 2015; Armas
et al. 2015), income (Oasim et al. 2015; Botzen et al. 2009a) and the size of a household
(Oasim et al. 2015; Kreibich et al. 2005; Zaalberg et al. 2009) alike. According to Kellens
et al. (2011) and Armas et al. (2015), education has no influence on the level of the risk
perceived. On the other hand, the research of Oasim et al. (2015) and Botzen et al. (2009a)
proves positive correlation between the level of education and flood risk perception
indicating that education makes people aware of environmental hazards. The literature
regarding hazards suggests that owning a real estate is connected with a higher level of risk
perception than renting an apartment (Grothmann and Reusswig 2006; Oasim et al. 2015;
Burningham et al. 2008). However, the studies of Kellens et al. (2011) show no such
relationship. It is clear that people who own a cellar or those living on the ground floor are
more at risk of flooding. However, these residence characteristics do not influence the level
of flood risk perception, which was shown by Kellens et al. (2011). It may prove that risk
perception does not focus on the value of a real estate and material goods (Kellens et al.
2011). That coincides with the views of Knocke and Kolivras (2007) claiming that people
tend to assess hazards in terms of the probability of losing life and not possessions.
Furthermore, the relation between the closeness of a hazard and the risk perceived is
ambiguous in the literature. It is considered a positive correlation by some—usually people
located closer to the source of the hazard (river) display a higher level of risk perception
(Miceli et al. 2008; Zhang et al. 2010; O’Neill et al. 2016; Lindell and Hwang 2008)—
while other researchers, e.g. Colten and Sumpter (2009) and Oasim et al. (2015), regard it
as negative; the closer the source, the lower the risk perception due to the incidental nature
of flood occurrences. Interestingly, Kellens et al. (2011) observed no such relationship in
this matter. The research on flood risk perception regarding the length of residence was
also conducted (e.g. Thistlethwaite et al. 2018; Bustillos Ardaya et al. 2007). Both studies
show a positive correlation, yet the first one is moderate and the other, to say it straight,
weak (Table 2).

Although often neglected, a political and socio-cultural context is a significant aspect in
the research on flood risk perception. There are few studies which mention it. They were
mostly written in the 1990s, that is in the period prior to this review. However, it is
impossible not to refer to this work discussing factors of flood risk perception. For
example, Rohrmann (1994) included the cultural context when distinguishing respondents’
various orientation (“technological”, “monetary”, “ecological” and “feminist”). Indi-
viduals with different orientations presented various risk perception. It confirms an opinion
that social categories with specified occupational, cultural and political preferences largely
differ in terms of the risk assessment. The studies of Kleinhesselink and Rosa (1991) aimed
also, among other things, to verify whether the assessment of different types of hazards is
determined by a culture through conducting the same research across two culturally diverse
countries: Japan and the USA. It was stated that the perception differences observed
resulted not from distinct cultural identity but from historical background. However, what
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was spotted at the same time was a phenomenon of ‘cross-cultural, cross-gender reversal’
which suggests that an influence of gender on risk perception stems from cultural and
social factors. This is so because in the risk assessment, Japanese women resembled more
American men. The significance of gender is greater in countries where legal and cultural
gender differences are stronger. Apart from this, Boholm (1998) reviewing the results of
international research drew attention to their variety which may result from distinct geo-
graphical, national and cultural contexts of the investigated countries.

Currently, there are few papers discussing a socio-cultural context. For instance, the
work of Armas et al. (2015) includes the ethnographic research informing about cultural
determinants of the investigated community, the results of which constituted the back-
ground of and the supplement to the interpretation of the obtained results of the research on
flood risk perception. Dzialek et al. (2013a, b) drew attention to various historical paths of
the investigated area influencing the power of social ties and a type of social capital, which
in turn, as was mentioned earlier, stimulate the impact of indirect experience on flood risk
perception (Table 2).

Political context in the studies on flood risk perception is mainly touched upon in the
aspect of investigating factors influencing preparedness. In this type of work what is
sometimes considered is the human sense of responsibility for actions reducing hazards and
the trust in authorities and public flood protection means as variables that could influence
taking preventive measures. For example, the studies of Bichard and Kazmierczak (2012)
as well as Terpstra and Gutteling (2008) reveal a common belief that authorities are
primarily accountable for flood protection and thus obliged to release the residents from
flood protection responsibility. The investigations of Stojanov et al. (2015) prove that an
increase in the proportion of compensation negatively affects the number of undertaken
flood preventive means. Bubeck et al. (2012) regard the role of authorities even as an
obstacle in taking private mitigating means. According to Birkholz et al. (2014), the level
of human sense of responsibility for taking preventive actions is strictly connected with
their trust in the effectiveness of “public” preventive means. Wachinger et al. (2013)
notices correctly that negative emotions connected with previous experiences reduce trust
in authorities and official flood protection means while positive feelings increase it. Both
Terpstra (2011) and Hung (2009) in their research state that trust in public flood protection
was negatively connected with preparedness and the intention to buy insurance. Groth-
mann and Reusswig (2006), likewise, wrote that reliance on flood protection was correlated
negatively with accepting flood protection means in the past. Thus, what is indicated is the
role of public authorities, including the level of trust in them as well as in public protection
means, in forming the relation between flood risk perception and preparedness of people in
flood endangered areas (Grothmann and Reusswig 2006; Terpstra 2011; Heitz et al. 2009;
Terpstra 2009). Trust becomes even more important if an individual knowledge of the
hazard is limited (Wachinger et al. 2013; Kellens et al. 2013). Reliance on flood protection
means can still cause undesirable side-effects. This is so because persons residing in areas
protected by embankments have a false sense of safety which results in undervaluation of
the flood risk and a decreased activity connected with preparedness. In this case a lowered
perception is a so-called “embankment effect” (Terpstra 2009; Burton and Cutter 2008;
Kousky and Kunreuther 2009; Ludy and Kondolf 2012). Moreover, Raska (2015) explains
that visible differences in the perception of environmental hazards (including the flood
risk) in Western and East-Central Europe are due to diverse cultural, political and social
conditions (resulting from historical background) of these countries. Passive attitude of
East-Central Europe societies towards the flood risk results from post-communist tradition
of those countries, burdened with a strong position of central government bodies. Due to
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the fact that materialistic (material-survival) orientation of values is dominating in those
countries (in newly decentralized and liberalized societies), their inhabitants worry to a
greater extent and display greater awareness of environmental hazards in comparison with
the citizens of Western Europe with post-materialistic orientation (Table 2).

The influence of religion on the perception of and the attitude towards the flood risk is a
different issue. This aspect was analysed in the work of Schmuck (2000) who shows that in
the investigated Muslim community religion is considered to influence human risk per-
ception (flood is an act of Allah), which results in not taking any actions for preparedness
and mitigation of flood hazards (Table 2).

4.4 Relations between awareness, worry, preparedness and flood risk
perception (in general)

The influence of the awareness of life on the level of worry in a flood risk area is
ambiguous. Some people claim that worry depends on being aware of the frequency of
certain events occurring (Raaijmakers et al. 2008) and increases dramatically among those
aware of their exposure to the flood risk (Bradford et al. 2012). The research of others has
not shown any dependency between worry and risk awareness (see Pagneux et al. 2011;
Poortinga et al. 2011) (Fig. 1).

There are diverse results as to the influence of worrying and the awareness on pre-
paredness, especially on the application of preventive measures by inhabitants. On the one
hand, the majority of works list worry as a direct or indirect motivator for the promotion of
preventive behaviours among the people at risk (Raaijmakers et al. 2008; Grothmann and
Reusswig 2006; Miceli et al. 2008). The studies of Siegrist and Gutscher (2006, 2008),
Takao et al. (2004), Miceli et al. (2008), Zaalberg et al. (2009) as well as Terpstra (2011)
have also shown a positive dependence between emotional elements such as fear or worry
and the application of mitigating means. However, on the other hand, according to Bier-
nacki et al. (2009), Bradford et al. (2012) and Kreibich (2011), worrying does not increase
preparedness. Psychologists indicate that people are unwilling to invest in protection
against rarely occurring dangers—this unwillingness is larger than the fear of even a major,
although improbable loss (Biernacki et al. 2009). For the above reasons, a notion that
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Fig. 1 ‘Triangle of flood risk perception’—relations between its basic elements
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stimulating the feeling of fear is often recommended to increase risk perception is incorrect
(Kievik and Gutteling 2010). In the opinion of Kron (2002) as well as Bubeck et al. (2012),
preparedness requires awareness in order to limit the losses. The studies of Bradford et al.
(2012) have not confirmed the relation between the awareness of the people located in the
area at risk of flooding and the higher level of preparedness (Fig. 1).

Finally, in the relation between the three basic elements of risk perception (awareness,
worry and preparedness), two paths of reasoning may be distinguished. According to the
first one, awareness can lead to higher levels of worry, and, in consequence, to a higher
level of preparedness. A better prepared society will worry less about the risk. The worry
stems from the awareness of a high-risk level and the lack of preparedness for it (Raaij-
makers et al. 2008). The second, more modern trend of thought believes that awareness and
worry do not correlate with a high level of preparedness. Worry does not play a major role
in the relationship between awareness and preparedness (Bradford et al. 2012) (Fig. 1).

Discrepancies also concern the meaning of risk perception in taking precautionary
actions. For example, in the research of Botzen et al. (2009b), Siegrist and Gutscher
(2006), Takao et al. (2004), Thieken et al.(2006), Grothmann and Reusswig (2006),
Thieken et al. (2007), Miceli et al. (2008) and Lindell and Hwang (2008) flood risk
perception appears to be the most dominating factor stimulating private mitigating beha-
viours. In this case, people take precautionary measures in order to decrease the high
perception of flood risk (Stojanov et al. 2015). Baan and Klijn (2004), Plapp and Werner
(2006), Terpstra et al. (2009), Plattner et al. (2006), Duzi et al. (2014) and Biernacki et al.
(2009) also claim that the perception of risk positively influences the probability of taking
preventive steps. However, according to the literary analysis by Bubeck et al. (2012), in
reality this relationship is rarely observed in empirical studies (e.g. Kreibich et al. 2005;
Siegrist and Gutscher 2006; Takao et al. 2004; Thieken et al. 2007; Miceli et al. 2008;
Lindell and Hwang 2008; Thieken et al. 2006; Harries 2008; Thistlethwaite et al. 2018)
there have been, statistically, little to no meaningful relations between flood risk perception
and taking private mitigating measures. Therefore, flood risk perception is a rather weak
independent variable of protective behaviours (Bubeck et al. 2012; Milne et al. 2000). The
lack of relationship between the variables may result from the reduction of cognitive
dissonance or constitute a reaction to the already applied mitigating means. In reality, a
respondent has a smaller risk perception because he or she takes flood reducing measures,
which was not considered in the above-mentioned empirical studies. Therefore, as Bubeck
et al. (2012) observed, while assessing the relationship between the variables of the per-
ception of risk and mitigating behaviours, the precautionary measures taken need to be
controlled. DuZzi et al. (2014) have similar doubts as to the interpretation of the above-
mentioned results. Firstly, people may not remember their actions from several years ago
or know whether any mitigating steps have been taken before they took residence in their
home. Secondly, none of the respondents admitted to removing or limiting the earlier
applied measures, which also could have taken place (DuZi et al. 2014). In view of the
above some studies began to research the relations between flood risk perception and the
intention to take private steps mitigating flood (Zaalberg et al. 2009; Botzen et al. 2009b;
Botzen and van den Bergh 2012; Terpstra 2011; Thistlethwaite et al. 2018). Contrary to the
formerly published results, the studies have shown significant relationship between these
variables (Bubeck et al. 2012). Taking this into account, according to Kreibich (2011),
flood risk perception is not a crucial factor for taking measures diminishing the risk of
flooding—social and economic factors are of greater importance (Fig. 1).

Wachinger et al. (2013) in their literature review indicate three reasons why persons
with high-risk perception do not take mitigating means: (1) prospective advantages of
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living near a river seem prevail over potential negative effects, (2) responsibility for action
is passed to someone else, e.g. authorities, (3) lack of action stems from minor economic
and personal resources. The second argument reveals the significance of the political
context and the influence of the policy of authorities and institutions on the relation
between flood risk perception and preparedness which was described in subchapter 4.3
herein. The third reason is confirmed by the studies of Zaalberg et al. (2009) and Groth-
mann and Reusswig (2006) conducted within the Protection Motivation Theory (PMT),
which have shown that the assessment of copying capacity stemming from the accessibility
of economic and organizational means plays a bigger role in taking protective behaviours
than the hazard assessment.

The studies of Bichard and Kazmierczak (2012) as well as Terpstra and Gutteling
(2008) confirm the second reason for non-adaptive activities. Their research has shown a
common belief that authorities are primarily responsible for flood protection and thus
obliged to remove this burden from inhabitants. Stojanov et al. (2015) have proved that a
raising percentage of the damages awarded negatively influences the number of the flood
protection means applied. Bubeck et al. (2012) discern the role of authorities as an obstacle
in taking private mitigating means. Birkholz et al. (2014) claim that the level of the sense
of inhabitants’ responsibility for taking protective measures is strictly connected with their
belief in the effectiveness of “public” protective means. Wachinger et al. (2013) correctly
notices that negative feelings related to previous experiences undermine trust in authorities
and official flood protection means, whereas positive emotions increase this confidence.
Both Terpstra (2011) and Hung (2009) in their works state that trust in public flood
protection was negatively connected with preparedness and the intention to buy insurance.
Grothmann and Reusswig (2006), likewise, write that confidence in flood protection is
negatively correlated with applying flood protection means in the past. Thus, emphasis was
put on the role of public authorities including the level of trust in them and in public
protective means in forming the relation between flood risk perception and preparedness of
people living in flood risk areas. Trust becomes even more important if an individual
knowledge of the hazard is poor (Wachinger et al. 2013; Kellens et al. 2013). Confidence
in flood protection means can cause undesirable side-effects. This is so because people
living in areas protected by embankments have a false sense of safety, which results in the
underestimation of the flood risk and limited preparatory measures. In this case a lowered
perception is a so-called “embankment effect” (Terpstra 2009; Burton and Cutter 2008;
Kousky and Kunreuther 2009; Ludy and Kondolf 2012).

The third reason given by Wachinger et al. (2013) which explains neglecting mitigating
means by residents of flood risk areas is confirmed by the studies of Zaalberg et al. (2009)
and Grothmann and Reusswig (2006). Conducted within the Protection Motivation Theory
(PMT), the research shows that the assessment of copying capacity resulting from the
accessibility to economic and organizational resources plays a bigger role in applying
protective behaviours than the risk assessment.

In turn, Biernacki et al. (2009) and Aronson (2002) the paradox observed explain as the
need to reduce cognitive dissonance, which consists in a subconscious minimization of
danger and diminishing the inconsistencies between contradictory information. Cognitive
dissonance occurs when people are faced with unpleasant and unavoidable phenomena. A
high-risk level in a given place, fears associated with it and unavoidable losses are con-
trasted with personal gains connected with living in this place. The denial of risk manifests
itself, despite high awareness and worry, with the abandonment of protective measures
(Biernacki et al. 2009).
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5 Classification of flood risk perception factors

The conducted review allowed distinguishing 22 factors most often considered in the
research on flood risk perception. Due to their nature, they can be divided into cognitive,
behavioural, socio-economic and demographic factors as well as geographical (physical),
informational and contextual (cultural, social, religious, political) (Table 3).

Of the unclear picture of the results of the research on flood risk perception the fol-
lowing factors can be distinguished: primary (clearly influencing flood risk perception or
particular attributes of this perception), secondary (with an unclear influence) and medi-
ating (often used for the interpretation of research results) (Table 4, Fig. 2). It is easy to
notice that direct experience is a certainty, the most often analysed factor in the literature.
It performs a significant role in forming flood risk perception. The most difficult part is to
determine factors influencing the application of risk reduction means (preparedness) and
the level of flood risk perception. A group of factors influencing them unclearly is the
largest. In the case of preparedness, the role of the context (the factors describing the
general situation) is more debatable in comparison to the other characteristics of risk (i.e.
awareness and worry). The literature review conducted has also allowed the exclusion of
the influence of certain variables on flood risk perception (Table 4).

Intervening factors serving as a mediator—weakening or strengthening the influence of
personal experience of flood on risk perception are the passage of time from the last
disaster and the level of trust in flood protection means. In turn, communication networks
in the form of media, personal interactions with other people, in other words indirect
experience, and a type of social ties as well as social capital are factors that modify the
influence of knowledge on the level of risk perception. Religion, the government policy
resulting from historical background and concerning the assurance of public protection
against flood, the level of trust in authorities and in public protection measures play a
significant role of a mediator affecting the relation between flood risk perception and
preparedness. On the other hand, the relationship between gender and risk perception is
influenced by cultural determinants (Fig. 2). Culture values also affect a level of concern
over flood and the awareness of the existence of the hazard. It is easy to notice that the
distinguished intervening factors are mainly soft in character.

Wachinger et al. (2013), in turn, emphasised experience of a natural hazard and trust or
lack of trust in authorities and experts as primary factors. Media coverage, age, gender,

Table 3 Classification of flood risk perception factors by their nature

Nature of factors Factors

Cognitive Worry, direct experience

Behavioural Preparedness

Socio-economical and Age, gender, incomes, education, household size (children), home
demographical ownership, cellar ownership

Geographical (physical) Location (hazard), hazard proximity, type of building (living on ground

floor), length of residence

Informational Awareness (knowledge), indirect experience (media)

Contextual (cultural, social, Culture, religion, history, political system (government policy), social
religious, political) bonds (type of social capital), trust in government and public

protection measures

@ Springer



Natural Hazards (2018) 94:1341-1366

1359

Table 4 Classification of flood risk perception factors by their influence

Elements of flood risk Factors Not influence
perception
Primary Secondary
Worry Direct experience Awareness -
Education Gender
Preparedness Worry Worry Education
Gender Awareness Hazard proximity
Household size Direct experience
(children) Risk perception
Home ownership Knowledge
Type of building Age
Living on ground floor  Incomes
Length of residence Location (hazard)
Awareness Direct experience - Education
Knowledge Incomes
Gender
Age
Risk perception Worry Hazard proximity  Cellar ownership
Awareness Location (hazard)  Living on ground floor
Direct experience Length of Incomes
Knowledge residence Household size
Gender Home ownership (children)
Age
Education
Preparedness

Knowledge

Direct experience

Time from the flood
Trust in public
protection measures

Social bonds

FLOOD RISK
PERCEPTION

Awareness

Worry

Trust in public

protection measures

Government policy

Culture

Gender

Fig. 2 Intervening factors in the perception of flood risk

History
Religion

Preparedness
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education, income, social status were called intervening factors. Such a division partly
overlaps with and partly even excludes from the classification of factors by the type of their
influence on flood risk perception suggested in this review. There are possibly two reasons
for this. First, Wachinger et al. (2013) focused on the European research results. This
review, however, includes empirical work from various continents. Second, Wachinger
et al. (2013) analysed risk perception in relation to natural disasters in general, whereas this
review analysed it with regard to the flood risk alone.

6 Conclusions

This article aims to prepare a list of factors taken into account while studying flood risk
perception and classifying them according to the nature and type of influence on flood risk
perception, and consequently the formulation of recommendations on the direction of
further research in this area based on the analysis of empirical works.

The prepared catalogue of the most frequently repeated factors in the flood risk per-
ception research is not closed. It results from the scope of the empirical research subject to
the review. Due to a psychometric approach prevailing in flood risk perception studies, the
factors identified are rather hard than soft in nature—they concern variables that can be
measured in terms of quantity or be evaluated with the ordinal scale. What is important, the
work conveys information about mutual relations between the identified factors of flood
risk perception.

The review has shown the complexity of relations between the three attributes of flood
risk perception which are worry, awareness and preparedness. Nevertheless, the following
regularities can be noticed:

e Worry and awareness in empirical studies express flood risk perception and are often
identified with it. In survey research, when asked about the level of flood risk
perception, respondents had to answer the question: To what degree are you afraid of
flood?, To what degree, in your opinion, are you at risk from flooding? The research
results proved unequivocally that worry and awareness determine the level of flood risk
perception.

e Preparedness is treated in comparison with worry and awareness as a separate issue in
the flood risk perception research. There has been an extensive search for factors that
would influence taking preventive measures in relation to the level of flood risk
perception.

Taking the above into consideration, a behavioural approach is clearly indicated in the
works concerning flood risk perception, because the majority of analysed empirical works
seek relations between perception and adapting behaviour alleviating the flood risk and try
to determine their predictors. Therefore, among the three elements of flood risk perception
analysed in the work, the aspect of preparedness has been analysed in-depth in literature.
Only to a slight degree such contextual factors as culture, religion, history or political
systems are considered in the research on flood risk perception.

Motivated by numerous aims, orientations and research interests, the current research
presents a heterogeneous picture. The impact of particular factors on flood risk perception,
reported in literature, is unclear. Some of the research results turned out to be contradic-
tory. This is so because the investigation on perception is conducted by researchers in
various fields which results in discrepancy in basic theoretical issues (e.g. the definition of
a risk), a different way to draw up a research problem and a variety of applied methods.
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Bubeck et al. (2012) and Kellens et al. (2013) even indicate the lack of theoretical
framework in the research on flood risk perception conducted so far. Different research
results (of the influence of particular factors on flood risk perception) can also derive from
various social determinants, i.e. the study on perception was conducted on communities
from different countries with different culture, history or political systems. Another source
of separate research results are various measuring scales (the number of respondents) and
the character of a community investigated. Urban communities are those most often
analysed whereas the studies on flood risk perception concerning rural population are
rarely carried out. This is so because cities are affected more severely by flooding than
villages. Due to that fact, urban areas are better protected with structural means (especially
with embankments) than rural regions. One may infer that a diversified level of structural
protection of the investigated areas is another reason for discrepancy in research results.
The equivalent circumstances of the research affect the comparability of the results, which
was not included in the analysed empirical work. It can all cause various results of the
research analysed.

7 Recommendations

In this review, the systematization of the current research results allows indicating new
trends in studies which can lead to stronger statements on risk perception as a social and
psychological phenomenon. In the further research on flood risk perception attention
should be paid first of all to secondary factors, which unclearly influence the level of a
society’s flood risk perception and explain their role in shaping risk perception with the use
of, e.g. qualitative methods. The direction of their impact according to the research results
is either contradictory or is of minor significance. In the models considering secondary
factors, the variances explained are relatively low, indicating noise or the presence of
other, immeasurable disturbance variables. The authors of the analysed empirical works
used rather traditional sociological research based on questionnaires and structured inter-
views, whereas only scant attention was paid to qualitative research methods. As Bell and
Tobin (2007) accurately noticed, a more extensive application of qualitative methods
would help in practical interpretation of statistical dependencies.

Moreover, contrasting research results which occur in the case of secondary factors can
serve to detect the role of intervening factors such as political or culture differences. Thus,
this question is not properly appreciated in the literature.

Based on the conducted literature review, research areas either undiscovered so far by
scholars or insufficiently explored in the field of the analysis of flood risk perception can be
indicated. For instance, the notion of flood risk perception by the floodplains residents in
relation to such physical-geographical determinants as the section of a river, the season, the
level of water in a river or weather conditions and taking into account the last flood could
be studied. It could result in the observation of other, new, interesting regularities. The
analysed research shows a cross-sectional investigation. The studies on flood risk per-
ception lack a longitudinal research which makes cause and effect inference possible.
Therefore, there is a need to revive the flood risk research in order to fully understand how
a community perceives the flood risk. The studies on the factors of flood risk perception
should be approached in a more holistic manner, in view of socio-cultural and historical-
political contexts, referring, e.g. to the conceptions of vulnerability, capacity and resi-
lience. The analysis of the flood risk cannot be limited only to metrical (statistical) data,
but it should also include people’s social and cultural interpretation of the flood hazard.

@ Springer



1362 Natural Hazards (2018) 94:1341-1366

So as to make research on flood risk perception more valuable and applicable for
decision-makers responsible for flood risk management, its comparability should be
greater. It should be further improved both methodically and theoretically. On the one
hand, Kellens et al. (2013) draw attention to the need for a more comprehensive definition,
and on the other, Bubeck et al. (2012) are of the opinion that one of the reasons for
different research results is various definitions of risk. Qualitative methods should certainly
be introduced which would make it possible to identify soft factors underestimated by
researchers so far. As can be seen, a scientific approach does not fully answer the question
what factors influence flood risk perception at the local level where spatial, culture,
political contexts and others overlap.

The flood risk perception factors identified in this review should be emphasised to
improve the public flood risk perception—to reduce the nowadays common phenomenon
of the underestimation of the risk by society and decrease potential flood-related losses.
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