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Abstract. River floods are among the most damaging natural
hazards that frequently occur in Germany. Flooding causes
high economic losses and impacts many residents. In 2016,
several southern German municipalities were hit by flash
floods after unexpectedly severe heavy rainfall, while in 2013
widespread river flooding had occurred. This study investi-
gates and compares the psychological impacts of river floods
and flash floods and potential consequences for precaution-
ary behaviour. Data were collected using computer-aided
telephone interviews that were conducted among flood-
affected households around 9 months after each damaging
event. This study applies Bayesian statistics and negative bi-
nomial regressions to test the suitability of psychological in-
dicators to predict the precaution motivation of individuals.
The results show that it is not the particular flood type but
rather the severity and local impacts of the event that are
crucial for the different, and potentially negative, impacts on
mental health. According to the used data, however, predic-
tions of the individual precaution motivation should not be
based on the derived psychological indicators — i.e. coping
appraisal, threat appraisal, burden and evasion — since their
explanatory power was generally low and results are, for the
most part, non-significant. Only burden reveals a significant
positive relation to planned precaution regarding weak flash
floods. In contrast to weak flash floods and river floods, the
perceived threat of strong flash floods is significantly lower
although feelings of burden and lower coping appraisals are
more pronounced. Further research is needed to better in-
clude psychological assessment procedures and to focus on
alternative data sources regarding floods and the connected
precaution motivation of affected residents.

1 Introduction

In June 2013, i.e. 11 years after the severe 2002 flood event
in Germany which caused an overall loss of EUR 11.6 billion
(Thieken et al., 2006), the country was challenged again by
strong river flooding, affecting 12 of the 16 federal states, in
particular Saxony, Saxony-Anhalt and Bavaria. Considering
country-wide gauge data and peak discharges, the 2013 flood
event can be described as even more severe in hydrological
terms than the 2002 flood, yet causing lower monetary losses
of EUR 6 to 8 billion (Thieken et al., 2016a). Additionally, in
May and June 2016, heavy rainfall in central Europe led to
severe surface water runoff, pluvial flooding and flash floods
in southern Germany. Municipalities in Bavaria and Baden-
Wiirttemberg were especially affected, resulting in overall
losses of EUR 2.6 billion (Munich Re, 2017).

The flash flood events in 2016 were remarkably different
from the river flood events of 2002 and 2013 in terms of pro-
cesses, dynamics, duration and the type of induced damage
to buildings (Laudan et al., 2017). River floods usually oc-
cur after long-lasting rainfall or snowmelt within large catch-
ment areas and result in slowly rising water levels. On the
other hand, flash floods emerge within (small) catchments
where slopes are steep and defined. This leads to rapid, un-
predictable flow dynamics that can be rough in terms of a
high sediment transport, high flow velocities and forceful
discharge. Furthermore, very short lead times between the
generating convective system and the resulting flood com-
plicate the forecast of such events and often do not allow
for a timely warning (Borga et al., 2014). Apart from po-
tentially high damage to buildings and infrastructure, flash
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floods can also cause serious injuries and fatalities (Gaume
et al., 2009). Therefore, the occurrence of the severe flash
floods across Germany in 2016, outside alpine regions, can
be described as unexpected. Nevertheless, they are important
events to study when the comparatively high monetary losses
of EUR 2.6 billion (Munich Re, 2017) and 11 fatalities (four
in Baden-Wiirttemberg and seven in Bavaria along Simbach
am Inn) are considered.

Flood risk management in Germany has a long history
with several regulations and ongoing programmes, e.g. the
Nationales Hochwasserschutzprogramm (NHWSP) that was
launched after the 2013 flood, and national legislation regula-
tion, e.g. the Federal Water Act (WHG). The WHG was first
introduced in 1957, revised in 2005, renewed in 2009 and
again revised in 2018 to consider gaps that became obvious
after damaging flood events. Additionally, regulations such
as the European Floods Directive (2007/60/EC) required ad-
ditional frameworks to be incorporated into the national leg-
islation by 2010 (e.g. Thieken et al., 2016b). However, de-
spite this, the management of water bodies and flood man-
agement are in principle regulated at the state level rather
than the national or federal level. After the severe river flood
events in 2002 and 2013, flood risk management in Germany
and the relevant legislation was carefully revised. In addition
to structural precaution measures on a higher level such as
dikes and retention areas and non-structural measures such as
early warning systems, the focus was shifted to a more inte-
grated flood management approach, in which potentially af-
fected residents are encouraged to prepare themselves. In this
context, private structural precaution measures (i.e. water-
proof sealed cellars, i.e. dry-proofing, wet-proofing, reloca-
tion of heating and electrical utilities) as well as private non-
structural flood protection measures (i.e. adapted interior fit-
ting and flood-adapted use such as avoiding water-sensitive
furniture in the cellar) became increasingly important (Kien-
zler et al., 2015; Thieken et al., 2016b; Laudan et al., 2017).
Accordingly, the 2005 revision of the WHG designated pri-
vate precaution as mandatory, which thus requires residents
in flood-prone areas to undertake appropriate private precau-
tionary actions. As an overall result, regions which have been
affected by recurrent river floods are now better managed,
having tailored flood risk management plans in place, includ-
ing private precaution. Nevertheless, despite the devastating
events in 2016, flash floods and strong surface water runoff
are not yet considered significant national risks and are there-
fore not treated systematically in the frame of the European
Floods Directive. As a result, little is known about private
precaution measures in Germany concerning flash floods and
also pluvial floods, which occur in urban areas due to blocked
sewer systems after heavy rainfalls. Because of a strong fo-
cus on fluvial flooding in recent years, this lack of knowledge
remains.

It has been shown that private precaution measures can
significantly reduce the mean damage ratio (i.e. the finan-
cial flood damage in relation to the total building or con-
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tent asset value) to households and household contents by
up to 53 % and thus play an important role in comprehensive
flood management strategies (Kreibich et al., 2005; Thieken
et al., 2008; Merz et al., 2010; Hudson et al., 2014). Yet,
15 % (in 2002) up to 65 % (in 2011) of residents affected by
river floods used or furnished their home in a flood-adapted
manner (Kienzler et al., 2015; Thieken et al., 2016b). This
percentage is lower for residents affected by pluvial floods,
i.e. just 7% in 2014 (Spekkers et al., 2017) but around 20 %
in 2005 and 2010 (Rozer et al., 2016). Moreover, the overall
state of private precaution can also be integrated into flood
loss estimation models (FLEMOs), resulting in more reliable
damage estimation at different scales and, therefore, con-
tributing to more robust risk and vulnerability estimations
(Thieken et al., 2008). Hence, understanding and predict-
ing private precaution is essential for future planning and
flood risk management (Aerts et al., 2018). This holds for
all types of inland flooding, i.e. not only with regard to river
floods or pluvial floods, but also with regard to flash floods
and rapid surface runoff. These flash floods and rapid sur-
face runoff are currently relatively rare, but due to climate
change they will be potentially more frequent in Europe in
future (e.g. Murawski et al., 2015). However, individual pre-
cautionary behaviour is not yet fully understood, particularly
if people are affected by different flood types. Questions
must be raised as to whether affected individuals carry out
private precautionary measures and what are the motivating
and demotivating factors for this behaviour. In this context,
the protection motivation theory (PMT) (Rogers, 1975) has
been frequently used as a psychological model to explain the
risk-reducing/protective behaviour of individuals. PMT does
so by analysing the influencing factors on coping strategies
and potential positive or negative responses to a risky event.
Originally evolved in the health sector, PMT has gained at-
tention in the domain of natural hazards over recent years
(Mulilis and Lippa, 1990; Grothmann and Reusswig, 2006;
Bubeck et al., 2018). PMT relies on two main cognitive pro-
cesses — threat appraisal and coping appraisal — to describe
the mental response to a specific threat. Threat appraisal is
composed of the perceived consequences and probability of
a specific threat. Coping appraisal comprises the variables
“self-efficacy” (perception of how well a person is able to
carry out protection measures), “response efficacy” (how ef-
fective the measures are believed to be) and “response cost”
(the perceived costs in terms of money and effort) (Rogers,
1975; Bubeck et al., 2012).

Here it has been shown that the motivation to protect one-
self from flooding cannot be solely explained by risk infor-
mation, risk perceptions, and socio-economic factors such
as income and homeownership (e.g. Baan and Klijn, 2004;
Bubeck et al., 2012; Morss et al., 2016). In fact, the PMT re-
sults in reliable estimations of protective behaviour due to the
combination of threat appraisal and coping appraisal, where
particularly coping appraisal has been evaluated as a good
predictor (Floyd et al., 2000; Milne et al., 2000; Bubeck et
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al., 2012; Van Valkengoed and Steg, 2019). Supportive ev-
idence is given by Hopkins and Warburton (2015), who re-
vealed that flash flood experience among UK citizens does
not necessarily lead to higher risk perceptions. Yet, Har-
ries (2012) shows that protective behaviour of flood-affected
UK citizens is significantly associated with the perceived
probability to be flooded again. Moreover, the potential ef-
fects of protective behaviour such as feelings of safety, re-
duced anxiety and the fear of uninsurable impacts were also
influenced by flood experience. This suggests that, apart from
risk perception (threat appraisal), different psychological fac-
tors influence protective responses which can also result in
maladaptive behaviour, i.e. ignorance or fatalism.

Further, Bubeck et al. (2018) studied flood-affected house-
holds in Germany and France and identified good social
norms and networks as an important factor for better coping
abilities after river floods. In particular, Bubeck et al. (2018)
found that perceived self-efficacy and response efficacy in-
creased with the number of neighbours who already im-
plemented flood protection measures. When taken together
these results suggest that, among the influencing factors on
protective behaviour, psychological characteristics such as
perceived coping abilities, anxiety, negative mental feelings,
or perceptions of stress as well as avoidant thoughts might
play a significant role.

It became clear that private flood precaution might be in-
fluenced more by psychology than it has been taken into ac-
count by now, raising questions about psychological impacts
of flood events in general. This is usually referred to as men-
tal health. Here it can be expected that severe river floods
and flash floods have strong impacts on the mental health
of affected residents in addition to financial losses. For in-
stance, Mason et al. (2010) reveal that certain criteria for
psychiatric disorders such as the post-traumatic stress dis-
order (PTSD) as well as high scores of anxiety and depres-
sion are met within one-quarter to one-third of flood-affected
study participants among different communities in the UK.
Additionally, an increased exposure to floods may also be
connected to negative mental health effects due to the dis-
ruption of daily routines, financial loss and situational stress,
especially if social support by family and friends is missing
(Bei et al., 2013). This effect is further described and under-
pinned by Hudson et al. (2019), who found that flood experi-
ence is connected to a loss in subjective well-being among
flood-affected residents in Vietnam, while females tend to
recover slower than males. This was also found by Bubeck
and Thieken (2018) for Germany. Additional evidence for
negative mental health effects after floods is given by Wag-
ner (2007), who suggests that models of anxiety and coping
can be related to fears of different hazard types. Those mod-
els describe reactions and coping strategies of people who
are guided by vigilance (i.e. actively searching for threat-
related information) and avoidance (i.e. denial and distrac-
tion). Moreover, a comprehensive review of Fernandez et
al. (2015) on flood-related mental health issues as well as
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Foudi et al. (2017) strongly supports the assumption that, in
cases of flood exposure, especially water depth and high flow
velocities have a negative impact on mental health in terms
of increased levels of PTSD, anxiety and depression. This
is also supported by Lamond et al. (2015), who suggest that
psychological symptoms such as stress and anxiety remain
as a result of severe flooding and flood damage. Further they
reveal that mental health issues are related to post-flood miti-
gation actions, where especially relocating seems to be a suit-
able coping measure.

Therefore, it is important for integrated flood risk manage-
ment to consider how river and flash floods differ and how
their occurrence might lead to different impacts on individ-
uals. However, only a few studies consider individual psy-
chology, outside of PMT concepts, in flood preparedness de-
cisions, although it can be expected that they play an impor-
tant role. Thus, the aim of this work is to identify patterns of
psychological impacts of floods with a focus on differences
among people affected by either flash floods or river floods.
In the following step, the psychological characteristics are
related to the overall protective behaviour. Accordingly, the
following hypotheses were raised.

— H1. Flash floods, in comparison to slow-onset river
floods, show a different psychological impact on af-
fected people. Negative effects such as stress and feel-
ings of being helpless are expected to be more pro-
nounced, since flash floods are rough, emerge sud-
denly, and therefore represent an unpredictable danger
for health and property.

— H2. Negative psychological impacts are connected to a
lower probability for showing precautionary behaviour
because negative feelings might hamper the individual’s
willingness and self-confidence as well as the overall
motivation to implement precaution measures.

— H3. Psychological indicators such as the feelings of
stress and burden that people still perceive several
months after a damaging flood had occurred or self-
reported coping abilities can be used as a proxy to ex-
plain precautionary behaviour because such mental feel-
ings and attitudes are connected to the motivation and
intention to protect oneself in future.

The first hypothesis is based on the evidence given by Gaume
et al. (2009), Mason et al. (2010), Lamond et al. (2015) and
Foudi et al. (2017) and is tested by comparing psychological
characteristics of people which are affected by different flood
types and strengths. Thus, groups of similar psychological
characteristics (psychological indicators) are created. Then
the differences in the distributions of the indicator values,
i.e. shifts to lower or higher indicator scores, are assessed for
each flood type.

To answer the second and third hypotheses, which are
based on evidence given by Wagner (2007), Mason et
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al. (2010), Lamond et al. (2015) and Bubeck et al. (2018),
precaution indicators (planned precaution and implemented
precaution) are created first. Consequently, all following
analyses use the planned precaution as dependent variable
and psychological indicators as independent variables. In the
next step, a Bayesian approach and negative binomial re-
gressions are applied, and the resulting probability distribu-
tions of conditional variable dependences as well as regres-
sion coefficients are evaluated. Negative binomial regression
can be used to model ordinal count data where variance and
mean are not equivalent. The Bayesian approach has been
frequently used in psychology (e.g. Wetzels et al., 2011),
medicine and other disciplines. The Bayesian approach can
assess data uncertainty, which is particularly helpful for stud-
ies that rely on relatively small datasets. This is achieved by
allowing prior information independent of the data to be in-
cluded (Van de Schoot et al., 2015). Since this study relies on
small datasets, using the Bayesian approach as a supportive
analysis helps to interpret the main results. In revealing data
and model uncertainties, the reliability of future prediction
models that are based on these datasets can be evaluated in
advance. Accordingly, this study considers Bayesian infer-
ence as a method to assess variable relations that are based
on conditional probabilities and related uncertainties. Prelim-
inary assumptions such as linear variable relations are there-
fore not required. Bayesian statistics were also chosen due to
the fact that the method enables prior knowledge to be taken
into account from other studies that use similar Bayesian ap-
proaches. However, to assess the potential direction of the
predictor and response variable correlation, the Bayesian ap-
proach is supported by a negative binomial regression model.
The implementation of all methods is addressed in the next
section.

In the end, gaining insights into the psychological impacts
of river floods and flash floods and related precautionary be-
haviour is important for the following reasons.

— The outcome might be beneficial for information cam-
paigns that better support flood-affected individuals in
different flood-prone regions. Various mental coping ap-
proaches could also be addressed in such campaigns,
since they may vary among different flood types and
affected regions. The motivation to implement suitable
private flood precautionary measures could be strength-
ened according to the individual needs of affected peo-
ple (e.g. Harries, 2008; Morss et al., 2016).

— A good understanding of psychology and precaution
motivation might result in a model which indicates the
probability for a good precautionary outcome and could
be integrated into flood loss modelling and dynamic risk
assessments as suggested by Aerts et al. (2018).

— A better understanding of this connection might help
to improve future vulnerability and risk estimations and
may facilitate the use of alternative data sources to es-
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timate the state of individual precaution. For example,
data from online surveys, social media and communica-
tion platforms offer a lot of potential to assess individ-
ual mental coping strategies such as evasive behaviour
or the active remembering after severe events.

These points will be further discussed together with the re-
sults of this study in Sect. 3. A further outlook on this topic
is given in the conclusion (Sect. 4).

2 Data and methods

In this section, the used data are presented, and the applied
data preprocessing and methodology are explained.

2.1 Description of the river flood and flash flood
datasets

The individual datasets consist of standard surveys with res-
idents affected by either the river flood of 2013 or the heavy
rainfalls in 2016 that led to strong flash floods in some cases.
The river flood of 2013 and the flash floods of 2016 are con-
sidered for comparison since the two events were very differ-
ent in terms of the flood dynamics. Additionally, both events
were relevant at the national scale. It should be noted that
the regions which were affected by the river floods in 2013
and flash floods in 2016 do not overlap. The floods in 2013
were mainly recorded in Saxony and Saxony-Anhalt along
the Elbe river and partly in Bavaria along the Danube river.
The heavy rainfalls in 2016 mainly led to flash floods and
pluvial floods in Bavaria, Baden-Wiirttemberg and North
Rhine-Westphalia. Given the fact that both surveys cover two
different flood types, the time lag between the two surveys,
i.e. 3 years, is not expected to cause any effect on the follow-
ing analyses.

Both surveys were conducted around 9 months after the
damaging event and were implemented in a similar way,
i.e. as computer-aided telephone interviews. The underlying
questionnaire of both surveys is identical regarding all ques-
tions that were chosen for this study. In general, the question-
naires were designed to improve flood damage estimation of
affected households and the assessment of damage driving
factors. Hence, the biggest part comprised questions about
the flood impact at the affected property, socio-economic
characteristics (e.g. age, gender, social status, income, ed-
ucation, homeownership), characteristics of the housing unit
(e.g. number of stories or floor space, construction year, num-
ber of persons per unit, housing area) and different dimen-
sions of private precaution (e.g. whether certain single pro-
tection measures were already implemented before the dam-
aging event or at the time of the interview or are planned to
be implemented in the near future), and warning and emer-
gency measures (see Thieken et al., 2005, 2017). Yet, var-
ious psychological characteristics that address elements of
the protection motivation theory (threat appraisal and coping
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Table 1. List and explanation of the psychological variables used in this study.

Variable Original variable scale

Original question or the statement (shortened), for which
the degree of agreement was asked

Believe in being affected again 1 (I fully agree) to

6 (I do not agree)

Statement. 1t is likely to be affected again by a flood
event.

Fear of severe effects again 1 (I fully agree) to

6 (I do not agree)

Statement. A future flood event will not be as bad as the
recent event.

Self-efficacy 1 (I fully agree) to

6 (I do not agree)

Statement. 1 personally do not feel able to implement at least
one private precaution measure.

Response efficacy 1 (I fully agree) to

6 (I do not agree)

Statement. Private precaution measures can reduce the
flood damage.

Response cost 1 (I fully agree) to

6 (I do not agree)

Statement. Private precaution measures are too expensive.

Stress still today 1 (no stress) to

6 (high stress)

Question. How much do you currently feel stress and
negative emotions caused by the flood event?

Often thinking of the event 1 (not once) to

7 (a few times a day)

Question. How often have you thought about the event
within the last six months?

Avoidance 1 (I fully agree) to Statement. I do not like to think of future flood events.
6 (I do not agree)
Fatalism 1 (I fully agree) to Statement. One is in general helpless regarding future

6 (I do not agree)

flood events and the damage.

1003

appraisal) as well as avoidance, memories of the event, opti-
mism and further questions about the mental well-being were
also recorded. These were — combined with questions about
the actual and intended private precaution (see above and
Sect. 2.4) — used as the database for this study. An exhaus-
tive list of the analysed psychological variables is given in
Table 1. All psychological variable ratings were transformed
to follow a self-reported rating scheme of 1 (not once/I do not
agree/very low) to 6(7) (a few times a day/I fully agree/very
high), which ensures their comparability. In this context, four
out of nine variable ratings were reversed (see Table 1).

The dataset of the 2013 river flood comprises 1652 re-
sponses in total and the 2016 flash flood 601 cases with
similar distributions of age (average 59 years) and gender.
This study considers only homeowners for all consecutive
analyses, since homeowners — unlike tenants — suffer from
flood damage to the building itself to a greater extent and
also hold a greater flexibility to take potential protective ac-
tions (e.g. Grothmann and Reusswig, 2006). The proportion
of homeowners within the river flood and flash flood dataset
is 82 % and 86 % respectively, lowering the valid responses
to 1366 (2013 flood) and 517 (2016 floods). More informa-
tion about the samples (type of housing, age, education and
gender) can be found in the Appendix, Table Al.
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2.2 Separation of weak floods and strong flash floods

In May and June 2016, several places in Germany were hit by
flash floods or surface water flooding that differed, however,
in intensity and dynamics. In many cases, the heavy rainfall
only led to an increased surface water runoff in the vicinity
of affected buildings and/or the water entering the basement
due to the fact that the sewer system could not cope with the
water volume; this is also referred to as pluvial flooding. Yet,
in some municipalities, entire villages (such as Braunsbach
and Simbach am Inn) were suffering from enormous flash
floods and debris flows with strong flow velocities and a very
high suspension of debris — even large rocks — vigorously
damaging buildings and infrastructure (Laudan et al., 2017).
Therefore, it is crucial to separate rainfall events that led to
weak floods or strong flash floods before comparing the psy-
chological impacts among each other and to the 2013 river
flood.

The flash flood strength was assessed on the municipal
scale. It can be assumed that impressions and effects of the
flash flood severity are not particularly dependent on the in-
tensity at the individual house but are rather influenced by
the overall appearance and effects of the flood within the vil-
lage, which also includes impacts on neighbours, friends and
infrastructure. It makes sense that mental coping, especially
after strong flash floods, is not solely influenced by the indi-
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vidually experienced damage but dependent on broader im-
pressions.

Moreover, not only the impact, but also the potential to be
harmed outdoors in cases of sudden and strong flow forces
may influence the mental coping in regions which can expe-
rience strong flash floods. In this context, Morrs et al. (2016)
showed that people who perceive flash floods as a risk to their
life tend to protect themselves when they receive a flash flood
warning. Therefore it can be assumed that the mental impacts
after a severe event are differing with regard to the severity
within an affected area (e.g. Bei et al., 2013). Consequently,
we split the data of the 2016 flood into cases related to plu-
vial flooding (further referred to as “weak flash floods”) and
cases that experienced strong flash floods.

The approach to assess the flash flood strength comprises
quantitative and qualitative methods and makes use of rain-
fall data and press articles to evaluate inundation depths and
flow velocities. Here, the Deutscher Wetterdienst (DWD)
provides public download services where precipitation data
can be accessed online at https://cdc.dwd.de/portal/ (last ac-
cess: November 2018). Accordingly, hourly rainfall data that
are based on station observations were downloaded for the
days with known heavy rainfalls in May and June 2016. By
definition of the DWD, a severe weather alert is issued for a
particular region if the local rainfall is expected to exceed
25mmh~!. Thus, if the rainfall exceeded 25 mmh~! at a
gauging station, the region was marked to be potentially af-
fected by a severe weather event. An intersection with the
survey data was possible since the approximate address of
each affected household is provided in the dataset. In the next
step, an online literature and press article review was con-
ducted for each affected area to find evidence of the flood’s
intensity. This procedure can be described as a rather quali-
tative approach. According to the reported damage, impres-
sions of photos, and the level of media attention as well as
associated rainfall in the area at the particular time based
on data from DWD, the surveyed households were classi-
fied into weak flash floods (covering pluvial floods) if a low
impact in terms of damage and severity was noticed, into
medium flash floods if the impact was considered to be be-
tween low and high, or into strong flash floods if a high flood
impact could be assumed. For the analysis, only weak and
strong flash floods among homeowners were considered, and
all medium impacts were excluded to reduce the noise of
poorly classified data and to increase the effect of flash flood
intensity. The count of cases for weak flash floods is n =293
and for strong flash floods n = 116.

2.3 Defining main psychological indicators

In this study, indicators and single variables are defined as
follows. A single variable describes the outcome of a stand-
alone question within the survey (also called item). An indi-
cator stands for a newly created variable that consists of two
or more single variables or items. To answer the first hypoth-
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esis, four main psychological indicators were considered:
threat appraisal, coping appraisal, burden and evasion. The
indicators were created by combining variables according to
what is described in the literature, i.e. Creamer et al. (2003).
This is because the literature suggests that combining rele-
vant items such as “I had trouble staying asleep” and “Any
reminders brought back feelings about it” can create indica-
tors such as “intrusion” that reduce information to the core
content. Furthermore, Grothmann and Reusswig (2006) and
Bubeck et al. (2012) describe the items that constitute the
factors of the PMT, which are especially relevant as the main
psychological indicators. Subsequently, the four main indica-
tors used in this study are defined as threat appraisal, coping
appraisal, burden and evasion, which show low intercorrela-
tions and offer a certain comparability to other studies such
as Bubeck et al. (2018). The four indicators are thus defined
and created as follows.

Threat appraisal and coping appraisal are defined accord-
ing to the PMT (see Sect. 1, Introduction) Threat appraisal
consists of the perceived probability of being affected again
by a flood event and the perceived impact of such a future
event. Coping appraisal comprises self-efficacy, response ef-
ficacy and response cost. Burden describes a measure for the
negative psychological load of the individual experience and
can be used to reveal differences among residents affected by
different flood types. Burden is measured via the responses
to the questions regarding “often thinking of the event” and
“stress still today”. Evasion comprises the responses to the
variables “avoidance” and “fatalism” (see Table 1). We ar-
gue that evasion can be seen as a measure of the effort to get
the experience of a damaging flood out of one’s mind in or-
der to cope with the threat, which is regarded as maladaptive
behaviour in the PMT.

Burden and evasion were developed by following the gen-
eral procedure in psychology surveys to combine expres-
sive psychological items (e.g. Ware and Sherbourne, 1992;
Kroenke et al., 2001) and by taking high correlations among
psychological variables into account. Accordingly, the cre-
ation of the burden and evasion indicators required prepro-
cessing of the data, correlation tests and the evaluation of
preliminary results. Thus the preliminary results are shortly
presented in this section.

The rank correlations among the single psychologi-
cal items were assessed using ordination plots (princi-
ple component analysis) and correlation tables (Spearman’s
rho, corrected following Holm, 1979), done in R Stu-
dio 1.1.414 (R version > 3.5.0) using the packages psych
(version 1.8.12) and pwr (version 1.2-2). According to the
tests, subjective stress which is still felt at the time of the in-
terview and the frequency of remembrance of the event show
a correlation of 0.54 for weak flash floods (complete cases
n =279, lower/upper 95 % confidence interval [0.39, 0.66]),
of 0.46 for strong flash floods (n = 115, [0.19, 0.66]) and of
0.50 for river floods (n = 1152, [0.42, 0.56]), with a p value
of < 0.05 in all cases. Furthermore, avoidance and fatalis-
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tic thoughts reveal a correlation of 0.23 for weak flash floods
(n =275, p < 0.05, [0.05, 0.40]), 0.29 for strong flash floods
(n =113, p=0.07, [-0.01, 0.53]) and 0.18 for river floods
(n =1242, p < 0.05, [0.09, 0.26]). Therefore, we combined
avoidance and fatalistic thoughts as two different strategies
of maladaptive behaviour. See the Appendix for the correla-
tion tables (Figs. A1-A3).

Based on these results, the subjective stress still felt at the
time of the interview and the frequency of remembrance were
combined into the burden indicator, while avoidance and fa-
talistic thoughts constitute the evasion indicator. In this con-
text, burden describes the degree of negative psychological
load that is still perceived at the time of interview and eva-
sion resembles maladaptive behaviour, e.g. trying to suppress
the experience.

The distributions of threat appraisal, coping appraisal, bur-
den and evasion were further analysed using the Dunn test,
which is based on the non-parametric Kruskal-Wallis rank
sum test results. These tests are suitable for assessing the
differences among the distributions of ordinal-scaled data,
which do not fulfil assumptions of normality and equality of
variance. Here, the Kruskal-Wallis rank sum test calculates
discrepancies among the rank sums of all values within the
compared indicators. The derived Kruskal-Wallis statistic is
then compared to the expected average difference among the
sum of ranks via Dunn’s test. Similar to a power analysis, the
effect size and significance are revealed for a given sample
size. The outcome represents a measure for the disparity and
shift of compared distributions. This approach reveals signif-
icant differences in psychological impacts which were pre-
dominantly caused by weak flash floods, strong flash floods
and river floods (see Sect. 3.1).

2.4 Indicator on precautionary behaviour

Since both datasets (flash floods/heavy rainfalls and river
floods) include questions about the current and intended state
of flood precaution (see Sect. 2.1), indicators that reflect the
actual or intended state of precaution can be derived. In total,
16 different private precaution measures were considered in
the questionnaire. For each private precaution measure, in-
dividuals were asked to mark them as “implemented before
the event”, “implemented after the event”, “will be imple-
mented in the next six months”, or “not intended to be im-
plemented”. The 16 measures reflect different types of pre-
cautionary behaviour. First, they comprise the collection of
information about flood protection and flood risk as well as
information within seminars; in this study these three items
were combined into one measure referred to as “collecting
information”. Further, insurance, contributing to neighbour-
hood networks, flood-adapted story usage, flood-adapted in-
teriors, relocating heating and electricity, securing heat and
oil tanks, and improving the flood safety of the building were
considered as individual measures. Finally, a combined vari-
able on “water barriers” that consist of installing backflow
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prevention and/or installing water barriers was created as
well as a combined variable “emergency preparation” which
consists of having no noxious liquids in the cellar, installing
pumps, having generators available and/or anticipatory plan-
ning of supplies. This information was further used to cre-
ate an aggregated indicator on precautionary behaviour. This
was done on the basis of the studies of Kreibich et al. (2005),
Thieken et al. (2005) and Biichele et al. (2006). Kreibich et
al. (2005) compared the flood damage mitigation potential of
different private precaution measures among German house-
holds that were affected by the severe river flood in 2002.
The study revealed that flood-adapted use, a better interior
fitting, and the relocation of heat and electrical utilities lower
the damage ratio of buildings by 46 %, 53 % and 36 % re-
spectively (Kreibich et al., 2005). Related studies based on
the same data also proposed to combine different private pre-
caution measures to an index; weights can be assigned to
reflect the measure’s damage-reducing potential (Thieken et
al., 2005; Biichele et al., 2006). For the index, all measures
implemented by a predefined point in time were summed up
and weighted. Thereby, the measures “flood-adapted story
usage” and “flood-adapted interiors” were weighted 10 times
due to their high damage-reducing potential (see Kreibich et
al., 2005). Further, the items “relocating heating and elec-

CEINNT3 ELINNT3

tricity”, “securing heat and oil tanks”, “improving the flood
safety of the building”, “water barriers”, and “emergency
preparation” were weighted five times. In summary, the in-
dicator based on the weighted single measures reflects a cer-
tain state of precaution, which also includes the relative ef-
fectiveness to lower building and content damage. The pro-
cedure results in a precaution indicator with values ranging
from O to 48, which are further reclassified into values rang-
ing from O (low precaution) to 8 (high precaution), based on
equal interval sizes. In this study, this approach was applied
once to measures that were already implemented at the time
of the event and — for a second time — to measures that were
implemented after the event and that are intended to be im-
plemented shortly (up to 6 months after the time of the in-
terview). In the results and discussion section (Sect. 3.2), the
two indicators reflecting the state of precaution at two differ-
ent points in time are compared to provide a better understat-
ing of the dataset.

In this context, an important aspect to consider is the fact
that people who had already implemented many effective
precaution measures when the flood occurred — and thus re-
flect a good level of private precaution — can be expected
to show a lower motivation for further measure implemen-
tation (saturation effect). Therefore, cases are disregarded
if the count of already implemented measures or missing
answers is equal to or exceeds half of the overall measure
count of 16 measures (>=8), since it is hardly possible to
obtain meaningful results for the planned precaution in such
cases. Hereby, it is also ensured that there is no bias towards
low precaution motivation in the subsequent analysis, which
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is caused by an already high precaution level prior to the
event.

2.5 The Bayesian approach

Bayesian statistics can be applied to calculate probability dis-
tributions from a limited set of observations and to quantify
related uncertainties. The statistical model takes prior knowl-
edge into account (Py(model parameter), also called prior)
and assesses the likelihood of observing the data, if spe-
cific model parameters are given (P (data|model parameter)).
This results in a probability density for the model parameters,
conditioned on specific data (P (model parameter|data), also
called posterior) (Puga et al., 2015). The underlying principle
is Bayes’ theorem, which leads to Eq. (1):

P (model parameter|data) ~ P (data|model parameter)

- Pp(model parameter). (1)

The likelihood P(datajmodel parameter) is based on the bi-
nomial distribution for each response variable (planned pre-
caution) and predictor variable value. The binomial distribu-
tion was chosen due to the fact that it provides probability
estimations solely on the occurrence and non-occurrence of
two possible values, as given in the dataset. For example, it
can be used to model the probability density of flipping a
coin (one side of a fair coin occurs in 50 % of all cases). The
binomial distribution is thus defined as Eq. (2):

P(klp,n) = (k) N ARN ) )

where n is the count of the specific predictor variable value
and k is the count of the specific response variable value,
given n.

Here, the estimated parameter (p) resembles the specific
combination probability of two variable values. More pre-
cisely, it indicates the likelihood of observing a specific re-
sponse variable value, if a specific predictor variable value
is given. To our knowledge, no similar studies exist which
are based on comparable datasets and equal psychological
indicators; thus, no prior knowledge is taken into account in
this study. This means that the prior, which influences the es-
timation of the parameter (p), was chosen to be uniformly
distributed on [0, 1]. Eventually, the Bayesian analysis re-
sults in posterior distributions that indicate the conditional
probability density of the occurrence of two variable values.
For example the peak of parameter p could be located at
0.45, which equals 0.45 %. That percentage then describes
the most likely probability that one particular variable value
(e.g. a value of 3 out of 6 possible values among planned
precaution) occurs together with a specific value of another
variable (e.g. a value of 6 out of 6 possible values among
avoidance).
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2.6 Average posterior distributions, Jensen—-Shannon
divergence and regression tests

In order to test the second and third hypotheses, the psycho-
logical indicators as well as the single psychological vari-
ables (see Table 1) were analysed with regard to their connec-
tion to the planned precaution indicator, using the Bayesian
approach, the Jensen—Shannon divergence (JSD) and a nega-
tive binomial regression model. Both the psychological indi-
cators and the single variables were analysed to reveal differ-
ences between the general procedure in psychology to com-
bine similar items/variables and studying all variables sepa-
rately.

First, the planned precaution indicator was used as the de-
pendent variable, and all posterior distributions for each psy-
chological indicator (coping appraisal, threat appraisal, bur-
den and evasion) as well as all single psychological variables
(see Sect. 2.5) were calculated according to the Bayesian ap-
proach, excluding all non-existent combinations. Next, the
posterior distributions were combined per variable by ap-
plying the weighted arithmetic mean (Fig. 1). In detail, this
means that the combined posterior distribution shows the
likelihood of all mutually occurring variable values in a sin-
gle graph. Here the distribution shape of parameter p (i.e. its
highest peak) resembles the most likely probability of mutual
occurrence, given the dataset. Yet, it is not specified which
variable values occur mutually. In the next step, a weighted
arithmetic mean posterior is calculated by randomizing the
analysed variable to obtain a random occurrence of the pre-
dictor and response variable. This step is necessary to get
the particular reference posterior shape, which is exclusively
influenced by the distribution of the predictor and response
variable.

The combined, weighted posterior distributions were fur-
ther evaluated using the JSD. JSD is based on Shannon en-
tropy (H ), which is defined by Eq. (3):

H(X)=—=)_pxi)log (p(x:), 3)
i=1

where p is the probability mass function and X is the discrete
variable with possible values {x,...,x,}.

Hence, the JSD can be expressed by the more known
Kullback-Leibler divergence (which gives the same informa-
tion) and is defined by Eq. (4):

JSD(P,R)=H(0.5-(P+R))—05(H(P)+H(R)), 4

where P is the posterior distribution and R is the reference
posterior distribution.

This divergence represents the degree of mutual infor-
mation between two or more variable distributions and the
strength of their connection (or to which degree they are dis-
tinguishable). Consequently, the JSD was used to assess the
similarity of each posterior distribution and its reference pos-
terior distribution to reveal if they differ from each other. The
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Figure 1. Example graphic explaining the creation of the weighted
arithmetic mean posterior. The double peaks are a result of the com-
bination of all posteriors that are calculated for each variable combi-
nation. The posteriors are weighted according to the sum of occur-
rences within the dataset. In this case the weighted mean posterior
means that, given the example dataset of 20 data points, it is most
likely that a specific predictor variable rating occurs together with
only one specific response variable rating of 80 %.

JSD can take any value between 0 and 1. If the JSD of the
reference posterior and the calculated posterior is 0, both un-
derlying variables (e.g. the planned precaution indicator and
burden) are independent from each other and do not show
any relation apart from random effects. If the JSD is greater
than 0, however, these variables show a certain information
gain if one is explained by the other. If the JSD is 1, both
underlying variables are identical.

Complementary to the Bayesian approach (i.e. the com-
bined posterior distributions and divergence), negative bino-
mial regressions were performed for each flood type, using
the planned precaution indicator as a response variable and
the psychological indicators as well as the single psycholog-
ical variables as predictors. The negative binomial regression
was chosen due to the fact that the planned precaution in-
dicator consists of ordinal discrete (count) values which are
restricted between 1 and 8 and follow an overdispersed (vari-
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ance is greater than the mean) Poisson distribution (tested
in R 1.1.414, using the packages logspline and fitdistrplus).
Since the posterior distributions and divergence computa-
tions are solely based on probabilities, information gain and
prediction applicability can be assessed. Yet it is not clear
how both variables relate to each other (i.e. positively or neg-
atively). Thus it is supported by a negative binomial regres-
sion model which indicates significant positive or negative
correlations of variables with the planned precaution indica-
tor.

3 Results and discussion

In this section, the differences in the distributions of the psy-
chological indicators are presented and discussed first. In the
next step, the implemented and planned precaution indica-
tors are presented and compared before the indicators, and
single psychological variables are analysed by evaluating the
posterior distributions, the JSD and regression coefficients.
Subsequently, the hypotheses are discussed at the end of this
section.

3.1 Psychological indicator distributions

Figure 2 illustrates the frequency distributions of the four
psychological indicators, i.e. coping appraisal, threat ap-
praisal, burden and evasion, and also includes the Dunn test
results.

Regarding coping appraisal (Fig. 2, top left), the indi-
cator distributions and Dunn’s test reveal significant differ-
ences between strong flash floods, river floods and weak flash
floods. People affected by strong flash floods show gener-
ally lower ratings than people who suffered from weak flash
floods or river floods. Nevertheless, most of the respondents
reported medium coping appraisal ratings (Fig. 2, top left).

The results indicate that people who were affected by
strong floods feel generally less able to cope with the sit-
uation and the implementation of protective measures. Al-
though the effects are not strongly pronounced, a significant
difference to weaker flash floods (pluvial floods) becomes
apparent, which might be due to the different (potential)
flood impacts. In this context, our data of the 2016 flood show
higher structural damage to building substance for strong
flash floods (38 %, 13 % and 2 % of the respondents report
smaller cracks, bigger cracks and collapsed elements respec-
tively) than for weaker events (25 %, 4 % and 1 % smaller
cracks, bigger cracks and collapsed elements respectively).
A similar outcome is indicated when comparing the differ-
ence between strong flash floods and river floods. However,
the results are not significant, which might be due to the fact
that different flood processes are covered by the 2013 dataset.
Although it has not been tested whether a lack of awareness
regarding precautionary strategies, missing protection infor-
mation campaigns or other effects lead to a lower coping ap-
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Figure 2. Relative distributions of the combined psychological indicators for each flood type and Dunn’s test results. The results of the Dunn
test reveal the direction shift of each distribution compared to the other distributions (negative means a shift towards lower values, positive a
shift towards higher values) by also indicating the strength and significance of the shift (Z statistic and p value).

praisal for strong flash floods in general, the effects could
also be explained by the fact that people do not believe in
a high efficiency of precaution measures in cases of strong
flash floods.

Concerning threat appraisal, the significantly lower rat-
ings of people affected by strong flash floods are remark-
able, since it could be assumed that severe and damaging
events lead to stronger feelings of threat in the first place
(Fig. 2, top right). Yet, these results could be explained by
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the fact that people who were affected by strong flash floods
believe similar events to be very unlikely to recur in the near
future, resulting in lower feelings of threat. Although Hop-
kins and Warburton (2015) showed that flash flood experi-
ence does not necessarily lead to higher risk perceptions,
it is unknown to which degree lower feelings of threat are
caused by a lower flash flood experience itself. Since almost
all surveyed households experienced a strong flash flood for
the first time (82 %), they may not believe that they will be
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affected again. However, an analysis of the threat appraisal
with corrected data in terms of flood experience (considering
just households that experienced a flood for the first time)
reveals a similar picture, i.e. threat appraisal is significantly
lower for people who were affected by a strong flash flood in
comparison to people who were affected by weak flash floods
and river floods (Fig. A4). This again supports the findings of
Hopkins and Warburton (2015).

Nevertheless, Murawski et al. (2015) have shown that
there may be an increase in severe flash floods in regions
which were formerly not perceived as flash-flood-prone.
This further highlights the importance of specific informa-
tion campaigns in this context to counteract maladaptive
behaviour. Weak flash floods and river floods show a rel-
atively similar distribution (not significantly distinct from
each other) with a peak at medium threat appraisal ratings
and a peak at the highest threat appraisal rating. This might
be due to the weaker nature of the flash flood event and the
higher perceived probability to be affected by a similar event
again. With regard to river floods, a number of people in Ger-
many have been affected more than three times within a rela-
tively short period between 2002 and 2013, which might also
contribute to a pronounced feeling of threat in residents who
have been affected by river floods. This is in line with Mason
et al. (2010), who find that the fear of reoccurrence of a flood
event and anxiety is increased with repeated experience of
damaging events.

The ratings of burden are significantly lower for people af-
fected by weak flash floods, indicating a lower psychological
load and feelings of stress (Fig. 2, bottom left). The distribu-
tions of strong flash floods and river floods are on the other
hand shifted to higher ratings of burden. This clearly illus-
trates the connection between the severity of an event and
the resulting negative psychological impacts, which is in line
with Mason et al. (2010) and Bei et al. (2013), who reported
that a greater impact in terms of daily routine disruption, fi-
nancial loss and evacuation is associated with significantly
worse effects on mental health. In contrast to the severity of
an event, the type of the event (flash flood or river flood)
does not seem to have an effect on burden, since strong flash
floods and river floods do not display any significant distri-
bution differences (Fig. 2, bottom left).

Similarly, the evasion indicator shows a significant differ-
ence in the distributions only with regard to weak flash floods
(Fig. 2, bottom right). This could be explained by the same
effect that weak events or events leading to less severe im-
pacts in general result in less pronounced feelings of avoid-
ance and fatalism (i.e. in less maladaptive behaviour). Here,
evasion especially differs between people affected by weak
flash floods and river floods. One reason could be the com-
paratively high frequency and severity of river floods in Ger-
many, which could lead to evasive behaviour of repeatedly
affected residents. In fact, evasive behaviour can be described
as a particular (but maladaptive) strategy to cope with severe
events, enabling affected individuals to emotionally distance
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themselves from oppressive situations, as described by Ma-
son et al. (2010).

In summary, the indicators are particularly insightful in
cases of strong flash floods. The combination of feeling less
able to cope with such an event as well as a low perceived
threat yet an increased burden means that people feel an
emotional pressure and do not see efficient ways to deal
with the situation on their own. A comforting thought then
might be the assumption that a similar event will not happen
again soon. It can be expected that this leads to maladap-
tive behaviour, although damages on buildings after rapid
and strong flood events are usually high. This is a contrast
to weaker flood events and river floods, where risk com-
munication, insurance and private precaution measures are
more established. These results again highlight the impor-
tance of information campaigns in regions potentially af-
fected by strong flash floods.

3.2 Precaution indicators

Since the planned precaution indicator is used as response
variable within all further analyses its distribution will be
presented first in this section. Furthermore, the planned
and shortly realized precaution (in the following called the
planned precaution) is compared to the precaution “imple-
mented before the event” (in the following called the already
implemented precaution) (Fig. 3).

By evaluating the distributions of already implemented
precaution measures (Fig. 3a) and planned precaution
(Fig. 3b) it becomes apparent that people who have been af-
fected by river floods show slightly higher scores of already
implemented precaution measures. This is in line with Kien-
zler et al. (2015) and Spekkers et al. (2017). Regarding weak
and strong flash floods, the score of already implemented pre-
caution measures is considerably low, while it can be noted
that the planned precaution scores are relatively low for all
flood types. Especially in the case of river floods, affected
people reveal a low motivation for (further) precaution in fu-
ture. This is also true for people who were flooded the first
time.

3.3 Posterior distributions and regressions of the
psychological indicators

The aim of these analyses is to reveal if psychological in-
dicators or single psychological variables show an influence
on the planned precaution. In general, the posterior distribu-
tions and regression results are based on a low number of
data points, especially in the case of weak and strong flash
floods (see Table 2, N). Yet, the results indicate certain posi-
tive and negative connections of the psychological indicators
to the planned precaution indicator.

The weighted arithmetic means of all posterior distribu-
tions reveal in general a wide range of likely probabilities for
the conditional dependence of variable ratings. In the case of
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Figure 3. Relative distribution of the already implemented precaution indicator (a) and the planned precaution indicator (b) for weak flash
floods (n = 293), strong flash floods (n = 116) and river floods (n = 1366). The x axis represents the implementation of or the intention to
implement effective precaution measures as described in Sect. 2.4. The higher the value, the more effective measures have been implemented

or will be implemented in the near future.

Table 2. Coefficients of the negative binomial logistic regression
models for weak flash floods, strong flash floods and river floods,
with the psychological indicators as predictor variables and the
planned precaution indicator as the response variable.

Predictor Flash Flash River
variable floods floods floods
(weak) (strong)
Intercept 0.673* 1.585**  0.483*
Coping appraisal ~ 0.012 0.011 0.024
Threat appraisal ~ —0.013 -0.016  —0.038
Burden 0.134***  —0.105"  0.054*
Evasion —0.024 —0.059  0.020
AIC 667.26 293.01 1422.30
R? 0.08** 0.06 0.03*
N 177 76 419

’ p value <.10. * p value < .05. ** p value < .01. *** p value < .001.

weak flash floods, for example, it is the second most likely
case (second highest posterior peak) that a particular burden
rating is always reported together with a specific rating of
the planned precaution of 52 % (most likely of 9 % due to the
highest posterior peak at this point). For coping appraisal, the
most likely percentage would be 7 %. For threat appraisal and
evasion, the most likely percentages are 10 % and 19 %, re-
spectively (Fig. 4, top left). Other posterior peaks are visible,
however, yet less likely. As mentioned in Sect. 2.6., the pos-
terior shapes are greatly influenced by the distribution of the
predictor and response variables. Since the planned precau-
tion indicator is Poisson-distributed with the highest value
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counts among the lowest ratings, similar posterior shapes can
be found in all cases with peaks around 10 % and 50 %. Yet,
considering the reference posterior for burden (Fig. 4, top
left), the highest JSD is revealed for burden (Fig. 5). The JSD
for coping appraisal, threat appraisal and evasion, however,
is low for weak flash floods. Additionally, the regression re-
sults indicate a significant positive relationship of burden and
the planned precaution for weak flash floods (Table 2). It can
be concluded that, if anything, burden is the most significant
and useful indicator to predict the planned precaution among
all indicators. Here, perceived feelings of burden are posi-
tively related to a higher precaution motivation. This result is
in line with Lindell et al. (2009) and Lamond et al. (2015),
who find that often thinking and talking about a hazardous
event as well as mental health issues are positively correlated
with the intention to adapt to the hazard. Our results confirm
that this might also be the case for flooding.

The posterior peaks of strong flash floods are less pro-
nounced, which is due to the small dataset of 76 observations
(Fig. 4b and Table 2). In this case, a pattern is observable in
which again burden and evasion show distributions slightly
shifted to higher probabilities. Yet, the most likely coherence
of the psychological indicators and the planned precaution
is between 14 % and 22 % for strong flash floods. Regard-
ing the JSD, evasion reveals a certain information gain when
describing the planned precaution, yet the effect is relatively
weak (Fig. 5). Simultaneously, evasion does not show any
significant linear relationship with the planned precaution
(Table 2). Thus, a distinct nonlinear pattern among the vari-
ables can be expected with regard to this dataset. All other
indicators show almost no divergence and no information
gain. According to the regression results, burden reveals a
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slightly negative coherence in this case, yet the significance
level is only between 0.1 and 0.05. In general, the results of
the strong flash flood analysis should be interpreted with cau-
tion due to the low number of observations.

Concerning river floods, all psychological indicators show
apeak around 50 % and up to 60 % as well as a relatively sim-
ilar posterior shape that is caused by the distribution of the
planned precaution indicator (Fig. 4c). In the case of burden,
a posterior peak at 69 % is recognizable, which is remark-
ably different from the reference posterior shape. Accord-
ingly, the JSD reveals a pronounced information gain for bur-
den, while coping appraisal, threat appraisal and evasion re-
veal weak divergences (Fig. 5). Yet, the regression results re-
veal only slight positive and negative coherences for the sig-
nificant variables “burden” and “threat appraisal” (Table 2).
These facts speak for a distinct, assumingly nonlinear coher-
ence pattern for burden and the planned precaution, while
the other psychological indicators show no significant infor-
mation gain. However, similar to weak flash floods, stronger
feelings of burden seem to result in a higher protection mo-
tivation, which is again in line with Lindell et al. (2009) and
Lamond et al. (2015).
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The results contradict studies that found a high relevance
of coping appraisals for precautionary behaviour to a certain
degree, which claim that higher coping appraisals are con-
nected to preparation and precaution intentions (Floyd et al.,
2000; Milne et al., 2000; Bubeck et al., 2012; van Valken-
goed and Steg, 2019). Thus, better insights into the factors
of PMT and the actual connection to intended precaution as
well as longitudinal studies are needed with regard to flood-
ing. Further, the PMT could potentially be expanded with
relevant variables that cover mental health and feelings.

3.4 Rankings and regressions of single psychological
variables

Figure 6 shows the JSD of the single psychological variables
for weak flash floods, strong flash floods and river floods, in-
dicating the information gain with regard to the planned pre-
caution. In contrast to most of the other variables, the high
divergence for “often thinking of the event” is remarkable
for weak flash floods and river floods. Only for river floods,
a relatively high JSD can be seen with regard to response
efficacy, response cost and fatalism. Compared to Fig. 5, it
has to be concluded that variables which make up the indi-
cators usually do not show an equal JSD. This is especially
true for “often thinking of the event” and “stress still today”,
which constitute burden. Here, “often thinking of the event”
seems to be decisive for high values of burden. In the case
of evasion for strong flash floods, however, a combination of
the respective variables “fatalism” and “avoidance” leads to
a higher information gain. The variables that constitute threat
appraisal, namely “fear of severe effects again” and “believe
in being affected again”, do not show any information gain,
(Fig. 6), which is also reflected in Fig. 5.

Furthermore, the regression results of the single variables
indicate almost no significant relationships with the planned
precaution indicator (Table 3). Regarding weak flash floods,
“often thinking of the event” is significantly connected to a
higher planned precaution, while for strong flash floods, fa-
talism reveals a significant negative connection. In the case
of river floods, no variables are significant (Table 3).

When comparing the analysis of the psychological indi-
cators and the single variables, it can be summarized that
a combination of items, as it is practised by Ware and
Sherbourne (1992) and Bei et al. (2013), does not lead to
more consistent and meaningful results in this case, which is
mainly reflected by similar JSDs. Moreover, the regression
models of the single variables (Table 3) reveal a higher ex-
planation power (R?), especially in the case of weak flash
floods, highlighting the importance of particular single psy-
chological items. So the question remains as to which method
is the most suitable to combine variables. In this study, only a
few psychological items/variables were available, while sur-
veys to assess mental health comprise various indicators with
up to 22 items (e.g. Ware and Sherbourne, 1992; Bei et al.,
2013). By combining items, the inconsistencies among re-
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Figure 6. Jensen—Shannon divergence ranking of single psycholog-
ical variables. Higher values indicate a higher information gain, if
the planned precaution is explained through the particular variable.

Table 3. Coefficients of the negative binomial logistic regression
models for weak flash floods, strong flash floods and river floods,
with the individual psychological variables as predictor variables
and the planned precaution indicator as the response variable.

Predictor variable Flash Flash River
floods floods floods
(weak) (strong)
Intercept 0.619 1.644**  0.510
Believe in being affected again ~ —0.031  0.032 —0.028
Fear of severe effects again 0.002 —0.024 —0.020
Self-efficacy —0.003  0.002 —0.007
Response efficacy 0.042 —0.019 0.027
Response cost —0.017  0.006 —0.002
Stress still today 0.040 —0.056 0.036
Often thinking of the event 0.102**  —0.047  0.022
Avoidance —0.044  0.030 0.012
Fatalism 0.020 —0.103*  0.009
AIC 669.34  300.24 1429.10
R? 0.12%  0.10 0.04
N 177 76 419

" p value <.10. * p value <.05. ** p value <.01. *** p value <.001.

ported answers can be lowered and the predictive validity
of indicators can be raised, facilitating the creation of psy-
chological profiles (Ware and Sherbourne, 1992; Creamer et
al., 2003). The analysis in this study follows this idea and
indicates a certain importance of basic psychological indica-
tors or variables for the motivation to implement precaution
measures in future. However, the surveys, which are used in
this study, primarily focus on direct damage and explanatory
variables (see Thieken et al., 2017) and hence only comprise
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a few significant questions which do not necessarily follow
the established scheme of psychological surveys such as the
36-Item Short Form Survey (SF36), which is widely used
to monitor the quality of life of patients. It has to be noted
that more meaningful outcomes may be produced by more
standardized questions and items that have been validated in
psychology. Within follow-up studies that rely on surveys,
adjusting and adding questions should be considered for bet-
ter psychological assessments.

3.5 Discussion of the hypotheses

HI. Flash floods, in comparison to slow-onset river floods,
show a different psychological impact on affected people.
Negative effects such as stress and feelings of being help-
less are expected to be more pronounced, since flash floods
are rough, emerge suddenly, and therefore represent an un-
predictable danger for health and property.

According to Fig. 2, it is not the flood type but the
strength/severity of the flood that induces negative psycho-
logical effects. Among strong flash floods and river floods, no
significant difference in stress becomes apparent, except for
threat appraisal where the distribution of strong flash floods
is based on a relatively small dataset of 76 records (Fig. 2,
top right). Yet, this difference could be explained by the fact
that the perceived threat of a strong flash flood event is lower
due to the severity and the uniqueness of the event itself.
Flash-flood-affected people perceive a (future) strong flash
flood event as being less likely than people who have been
affected by river floods. Thus, future disaster risk manage-
ment in Germany may also take into account that the indi-
vidual threat perceptions of affected residents may be low.
Therefore, information campaigns in flash-flood-prone re-
gions should be promoted, especially if various studies sug-
gest an increase in severe flash flood events due to climate
change and a change in weather patterns such as strong pre-
cipitation events (e.g. Murawski et al., 2015). However, since
all remaining burdensome and negative psychological effects
vary with regard to the flood severity and do not significantly
vary among different flood types, the first hypothesis must be
rejected.

H2. Negative psychological impacts are connected to a
lower probability for showing precautionary behaviour be-
cause negative feelings might hamper the individual’s will-
ingness and self-confidence as well as the overall motivation
to implement precaution measures.

The most surprising result is that a high level of bur-
den increases the protection motivation instead of affect-
ing it negatively (Fig. 5 and Table 2). However, otherwise
no strong connections between strong psychological impacts
and planned precaution were found. This may be explained
by two reasons. First, the assessment methods of psychologi-
cal items as well as the items themselves do not follow estab-
lished psychological assessment routines or surveys, which
potentially decreases data consistency and accuracy. Second,
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subtle effects on precautionary behaviour that are caused
by psychological aspects may be covered by incidental ef-
fects, due to the small sample sizes. This is particularly true
for strong flash floods, leading to high uncertainties. How-
ever, it is revealed that the burden indicator and, from a gen-
eral point of view, often remembering the damaging event —
which may not go hand in hand with negative feelings — as
well as the subjective stress are slightly positively connected
to the precaution motivation among different flood hazards.
This is contrary to the hypothesis but a valuable result, in-
dicating a certain motivation of affected residents to protect
themselves even after a severe and burdensome flood event.
Here, the perceived recency and presence of the event may
play arole in preparedness decisions. This result further sup-
ports Bei et al. (2013), who reported that affected people with
worse mental and physical health show a higher willingness
for coping strategies. However, since negative psychological
impacts are slightly positively connected to the precaution
motivation, the second hypothesis must be rejected.

H3. Psychological indicators such as the feelings of stress
and burden that people still perceive several months after a
damaging flood had occurred or self-reported coping abil-
ities can be used as a proxy to explain precautionary be-
haviour because such mental feelings and attitudes are con-
nected to the motivation and intention to protect oneself in
future.

According to the correlation results, weak coher-
ences (JSDs) as well as high uncertainties, the identified
psychological indicators are mainly not suitable for explain-
ing precautionary behaviour (see Figs. 4 and 5, Tables 2
and 3). Here it is remarkable that this result contradicts stud-
ies on PMT which confirm a positive relation of high cop-
ing appraisals and the willingness to implement precaution
measures (Floyd et al., 2000; Milne et al., 2000; Bubeck
et al., 2012; van Valkengoed and Steg, 2019). In this con-
text, it should be taken into account that the time lag be-
tween measure implementation and the perceived priority
of measure implementation after a damaging event differs
among affected people. Hence, more detailed information is
needed concerning the temporal dynamics of planned or im-
plemented precaution measures which might lead to clearer
results. As already mentioned, further reliable insights could
be obtained by applying standardized and established sur-
veys to assess psychological characteristics. In this regard,
Creamer et al. (2003), for example, confirm the usefulness of
the Impact of Event Scale — Revised (IES-R). This scale is a
widely used item-based survey that measures traumatic stress
in order to assess symptoms of the post-traumatic stress dis-
order (PTSD). However, they also find that the main factors
of the IES-R, i.e. hyperarousal, avoidance and intrusion, do
not provide a good account of the data due to correlations
among single items and suggest the use of fewer, or more
diversely composed, factors/indicators.

A very diverse and promising future field might also be the
application of data mining techniques and the use of alterna-
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tive data sources to increase data amounts and to facilitate
the psychological profiling and predicting of precautionary
behaviour by different methods. An issue of telephone sur-
veys is that the data are becoming biased towards older par-
ticipants when based on landlines (Greenberg and Weiner,
2014). Alternatively, by implementing and making use of
online surveys, smartphone applications and contracts with
companies, larger amounts of valuable data could be col-
lected, accounting for people from all age groups. For further
use, algorithms such as neural networks or deep-learning al-
gorithms may be applied to these data to create or categorize
psychological aspects such as the expected level of burden
or evasion in case of an event. Those techniques might result
in good predictions of psychological behaviour, and the con-
nected precaution motivation and can theoretically be trans-
ferred to other regions but imply certain challenges. Firstly,
large amounts of consistent and high quality data have to
be collected on the condition that data security and personal
rights are considered. Secondly, the interpretation of results
in terms of causality and meaning is hampered due to the
black box character of the analysis, even though potential re-
sults might show a certain robustness. In this context, estab-
lished routines of mental assessments have the advantage of
better transparency and will continue to play an important
role in future.

Eventually, a lot of research still has to be done in that
regard. This study, however, reveals that stronger feelings
of stress and often thinking of an event (i.e. the perceived
burden) are connected to a higher precaution motivation, al-
though the usability as a strong predictor within probabilistic
models is limited due to the weak effect strengths. Thus, the
third hypothesis can only be partly confirmed.

4 Conclusion

The aim of this study was to investigate psychological im-
pacts in flood-affected residents that are caused by different
flood types as well as the influence of these impacts on pre-
caution motivation. Furthermore, the usefulness of psycho-
logical indicators and individual psychological variables to
predict precautionary behaviour was evaluated. In this con-
text, four psychological indicators and a precautionary moti-
vation indicator were created, and differences in psycholog-
ical impacts among flood types were analysed by using the
Kruskal-Wallis rank sum test and Dunn’s test. The connec-
tion of these indicators and the individual variables to the
precaution motivation was assessed by applying negative bi-
nomial regressions and Bayesian statistics as well as evaluat-
ing the posterior distributions using the JSD.

The study shows that generally it is not the flood type
but rather the overall severity of a flood event that leads to
stronger mental impacts among affected individuals. The ex-
ception is threat appraisal, where people affected by strong
flash floods report lower values. Here it is indicated that peo-
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ple are under emotional pressure but do not know how to
cope with the situation and probably do not believe in the ef-
ficiency of private precaution measures. In terms of mental
coping they rely on a lower probability for such an extreme
event again, all potentially leading to maladaptive behaviour.

In general, strong flash floods and river floods result in
higher values for the burden and evasion indicators when
compared to weak flash floods. The examination of psycho-
logical variables reveals that potentially useful indicators of
planned precaution, such as burden, can be derived. Here it
is revealed that people who report a higher mental load (in-
dicator: burden) indicate a higher motivation to implement
private precaution measures in future, hinting at the impor-
tance that mental health might have for precaution. Yet, the
overall strength of different variable connections and the pre-
dictive power are generally low, which may be partly due to
small sample sizes. Additionally, the fact that the planned
precaution is heavily biased towards low values, i.e. gener-
ally not intended in future among all flood types, impairs the
clarity of results. When combining psychological variables,
or items to derive a more robust indicator of mental health,
established procedures which are applied in pure psycholog-
ical studies should be taken into account. Considering the
surveys which are used in this study, the predictive validity
can, potentially, be enhanced by combining items based on
more specific and standardized questions on mental health,
which may lead to more robust results. Therefore, standard-
ized psychological assessments should be considered within
follow-up studies.

Overall it is indicated that, in particular, the frequency of
remembering an event is positively connected to prepared-
ness intentions. Therefore, recommendations for disaster as-
sistance and risk communication are difficult to derive, es-
pecially with regard to increasing the protection motivation
of flood-affected individuals and helping with the individual
recovery. This could be achieved by strengthening the be-
liefs in the effectiveness and applicability of precautionary
measures, informing about the risk, and offering mental sup-
port. For heavy rainfalls that lead to pluvial floods as well
as for river floods, examples on precaution from the neigh-
bourhood could be communicated in combination with risk
maps for specific areas. Regarding strong flash floods it could
be meaningful to include affected people in strategies that
can be implemented on a municipal level (e.g. retention ar-
eas), highlighting the dangers of such events and informing
about specific private precaution measures that could miti-
gate lower building damage.

In terms of future development and regarding psycholog-
ical assessments that are based on publicly available infor-
mation, further research may also focus on comparisons to
established mental health surveys and validity checks to gain
knowledge about the usefulness of alternative data sources
for predicting individual behaviour. With the help of ad-
vanced intelligent learning algorithms (e.g. random forests,
neural networks and deep learning), psychological profiles
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could thus be created. Those might be used to develop so-
phisticated models and predict the state of precaution in ar-
eas which have not been flooded recently, all based on data
given voluntarily by residents. Surveys that capture the state
of precaution are still an alternative option. After all, further
research is required to estimate the predictive power of dif-
ferent psychological models which rely on mental health as-
sessments and aim to quantify protective behaviour in the
context of flooding.
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Appendix A
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Figure Al. Correlation table of single psychological variables for weak flash floods.
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Figure A2. Correlation table of single psychological variables for strong flash floods.
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Figure A3. Correlation table of single psychological variables for river floods.
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Believe in being affected again, fear of severe effects

%
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Pairwise comparisons (Dunn's test): N  Zstatistic p value

Flash flood (strong) - flash flood (weak) 195 -4.1112 0.0000*
Flash flood (strong) - river flood 94 -4.4440 0.0000*
Flash flood (weak) - river flood 558 0.2149 0.4149

Figure A4. Relative distribution of threat appraisal among each flood type and Dunn’s test results. The data were corrected for flood expe-
rience, i.e. all households which only experienced a flood once. The results of the Dunn test reveal the direction shift of each distribution
compared to the other distributions (negative means a shift towards lower values, positive a shift towards higher values) by also indicating
the strength and significance of the shift (Z statistic and p value).
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Table A1. Information about the samples and datasets.

Variable Flash flood River flood
dataset 2016  dataset 2013
(n=>517) (n =1366)

n n
Type of housing

Single-family house/duplex house 293 778
Semi-detached houses 45 124
Terraced houses 50 116
Farm houses 17 72
Other 16 18
NA 96 258
Age of the respondents (years)

16-30 20 31
31-50 104 281
51-70 257 642
> 70 99 280
NA 37 132
Education

No school graduation 3 13
Secondary modern school 82 289
Middle school/apprenticeship 200 483
AVCE (Vocational Certificate of Education)/technical diploma 35 82
University degree 164 419
NA 33 80
Gender

Male 229 581
Female 288 785

NA means not available.

Nat. Hazards Earth Syst. Sci., 20, 999-1023, 2020 www.nat-hazards-earth-syst-sci.net/20/999/2020/



J. Laudan et al.: Flash floods versus river floods — a comparison of psychological impacts and implications 1021

Data availability. Some of the data that support the findings of this
study are openly available at https://cdc.dwd.de/portal/ (last access:
November 2018) (DWD, 2018). The survey data are (partly) acces-
sible at HOWAS21 (http://howas21.gfz-potsdam.de/howas21/, last
access: November 2018) (GFZ, 2018).

Author contributions. The main concept, draft, methodology, writ-
ing and revisions were done by JL. AT contributed to the concept
and writing, provided data, and helped with revisions as well as
proofreading. GZ contributed to the methodology and revisions and
supported the work via proofreading.

Competing interests. The authors declare that they have no conflict
of interest.

Acknowledgements. This work was developed within the frame-
work of the research training group Natural Hazards and Risks in a
Changing World (NatRiskChange; GRK 2043/1). The surveys were
conducted as a joint venture between the GeoForschungsZentrum
Potsdam; the Deutsche Riickversicherung AG, Diisseldorf; and the
University of Potsdam. The survey on the 2013 flood was conducted
in the framework of the research project Flood 2013 funded by the
German Ministry of Education and Research (BMBF; funding con-
tract 13N13017). All survey data are owned by the authors.

Financial support. This research has been supported and funded by
the Deutsche Forschungsgemeinschaft (grant no. GRK 2043/1).

Review statement. This paper was edited by Margreth Keiler and
reviewed by Tim Harries and two anonymous referees.

References

Aerts, J. C. J. H., Botzen, W. J., Clarke, K. C., Cutter, S. L., Hall,
J. W., Merz, B., Michel-Kerjan, E., Mysiak, J., Surminski, S.,
and Kunreuther, H.: Integrating human behaviour dynamics into
flood disaster risk assessment, Nat. Clim. Change, 8, 193-199,
2018.

Baan, P. J. A. and Klijn, F: Flood risk perception
and implications for flood risk management in the
Netherlands, Int. J. River Basin Manage., 2, 113-122,
https://doi.org/10.1080/15715124.2004.9635226, 2004.

Bei, B., Bryant, C., Gilson, K .M., Koh, J., Gibson, P,
Komiti, A., Jackson, H., and Judd, F.: A prospective
study of the impact of floods on the mental and physical
health of older adults, Aging Mental Health, 17, 992-1002,
https://doi.org/10.1080/13607863.2013.799119, 2013.

Borga, M., Stoffel, M., Marchi, L., Marra, F., and Jakob, M.: Hydro-
geomorphic response to extreme rainfall in headwater systems:
Flash floods and debris flows, J. Hydrol., 518, 194-205, 2014.

Bubeck, P. and Thieken, A. H.: What helps people recover
from floods? Insights from a survey among flood-affected

www.nat-hazards-earth-syst-sci.net/20/999/2020/

households in Germany, Reg. Environ. Change, 18, 287-296,
https://doi.org/10.1007/s10113-017-1200-y, 2018.

Bubeck, P, Botzen, W. J. W, and Aerts, J. C. J. H: A
Review of Risk Perceptions and Other Factors that Influ-
ence Flood Mitigation Behaviour, Risk Anal., 32, 1481-1495,
https://doi.org/10.1111/j.1539-6924.2011.01783.x, 2012.

Bubeck, P.,, Botzen, W. J. W., Laudan, J., Aerts, J. C. J.
H., and Thieken, A. H.: Insights into Flood-Coping Ap-
praisals of Protection Motivation Theory: Empirical Evi-
dence from Germany and France, Risk Anal., 38, 1239-1257,
https://doi.org/10.1111/risa.12938, 2018.

Biichele, B., Kreibich, H., Kron, A., Thieken, A. H., Ihringer, J.,
Oberle, P., Merz, B., and Nestmann, F.: Flood-risk mapping:
contributions towards an enhanced assessment of extreme events
and associated risks, Nat. Hazards Earth Syst. Sci., 6, 485-503,
https://doi.org/10.5194/nhess-6-485-2006, 2006.

Creamer, M., Bell, R., and Failla, S.: Psychometric properties of
the Impact of Event Scale — Revised, Behav. Res. Therapy, 41,
1489-1496, https://doi.org/10.1016/j.brat.2003.07.010, 2003.

DWD - Deutscher Wetterdienst: Hourly precipitation data, UTC —
time reference, available at: https://cdc.dwd.de/portal/, last ac-
cess: November 2018.

Fernandez, A., Black, J., Jones, M., Wilson, L., Salvador-Carulla,
L., Astell-Burt, T., and Black, D.: Flooding and Mental Health:
A Systematic Mapping Review, Publ. Libr. Sci. ONE, 10,
e0119929, https://doi.org/10.1371/journal.pone.0119929, 2015.

Floyd, D. L., Prentice-Dunn, S., and Rogers, R. W.: A meta-analysis
of research on protection motivation theory, J. Appl. Soc. Psy-
chol., 30, 407—429, 2000.

Foudi, S., Oses-Eraso, N., and Galarraga, I.: The effect of
flooding on mental health: Lessons learned for build-
ing resilience, Water Resour. Res., 53, 5831-5844,
https://doi.org/10.1002/2017WR020435, 2017.

Gaume, E., Bain, V., Bernardara, P., Newinger, O., Barbuc, M.,
Bateman, A., Blaskovicovd, L., Bloschl, G., Borga, M., Du-
mitrescu, A., Daliakopuolos, L., Garcia, J., Irmescu, A., Kohnova,
S., Koutroulis, A., Marchi, L., Matreata, S., Medina, V., Preciso,
E., Sempere-Torres, D., Stancalie, G., Szolgay, J., Tsanis, 1., Ve-
lasco, D., and Viglione, A.: A compilation of data on European
flash floods, J. Hydrol., 367, 70-78, 2009.

GFZ: HOWAS21, available at: http://howas21.gfz-potsdam.de/
howas21/, last access: November 2018.

Greenberg, M. R. and Weiner, M. D.: Keeping Surveys Valid,
Reliable, and Useful: A Tutorial, Risk Anal., 34, 1362-1375,
https://doi.org/10.1111/risa.12250, 2014.

Grothmann, T. and Reusswig, F.: People at risk of flooding: why
some residents take precautionary action while others do not,
Nat. Hazards, 38, 101-120, 2006.

Harries, T.: Feeling secure or being secure? Why it can seem bet-
ter not to protect yourself against a natural hazard, Health Risk
Soc., 10, 479-490, https://doi.org/10.1080/13698570802381162,
2008.

Harries, T.: The anticipated emotional consequences of adaptive be-
haviour — impacts on the take-up of protective measures amongst
householders in areas of flood risk, Environ. Plan. A, 44, 649—
668, 2012.

Holm, S.: A Simple Sequentially Rejective Multiple Test Procedure,
Scand. J. Stat., 6, 6570, 1979.

Nat. Hazards Earth Syst. Sci., 20, 999-1023, 2020


https://cdc.dwd.de/portal/
http://howas21.gfz-potsdam.de/howas21/
https://doi.org/10.1080/15715124.2004.9635226
https://doi.org/10.1080/13607863.2013.799119
https://doi.org/10.1007/s10113-017-1200-y
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1111/risa.12938
https://doi.org/10.5194/nhess-6-485-2006
https://doi.org/10.1016/j.brat.2003.07.010
https://cdc.dwd.de/portal/
https://doi.org/10.1371/journal.pone.0119929
https://doi.org/10.1002/2017WR020435
http://howas21.gfz-potsdam.de/howas21/
http://howas21.gfz-potsdam.de/howas21/
https://doi.org/10.1111/risa.12250
https://doi.org/10.1080/13698570802381162

1022 J. Laudan et al.: Flash floods versus river floods — a comparison of psychological impacts and implications

Hopkins, J. and Warburton, J.: Local perception of infrequent, ex-
treme upland flash flooding: prisoners of experience?, Disasters,
39, 546-569, 2015.

Hudson, P., Botzen, W. J. W., Kreibich, H., Bubeck, P., and
Aerts, J. H. J. C.: Evaluating the effectiveness of flood dam-
age mitigation measures by the application of propensity
score matching, Nat. Hazards Earth Syst. Sci., 14, 1731-1747,
https://doi.org/10.5194/nhess-14-1731-2014, 2014.

Hudson, P., Pham, M., and Bubeck, P.: An evaluation and mone-
tary assessment of the impact of flooding on subjective well-
being across genders in Vietnam, Clim. Dev., 11, 623-637,
https://doi.org/10.1080/17565529.2019.1579698, 2019.

Kienzler, S., Pech, 1., Kreibich, H., Miiller, M., and Thieken, A.
H.: After the extreme flood in 2002: changes in preparedness, re-
sponse and recovery of flood-affected residents in Germany be-
tween 2005 and 2011, Nat. Hazards Earth Syst. Sci., 15, 505—
526, https://doi.org/10.5194/nhess-15-505-2015, 2015.

Kreibich, H., Thieken, A. H., Petrow, Th., Miiller, M., and Merz,
B.: Flood loss reduction of private households due to building
precautionary measures — lessons learned from the Elbe flood
in August 2002, Nat. Hazards Earth Syst. Sci., 5, 117-126,
https://doi.org/10.5194/nhess-5-117-2005, 2005.

Kroenke, K., Spitzer, R. L., and Williams, J. B. W.: The PHQ-
9. Validity of a Brief Depression Severity Measure, J. Gen-
eral Intern. Med., 16, 606-613, https://doi.org/10.1046/j.1525-
1497.2001.016009606.x, 2001.

Lamond, J. E., Joseph, R. D., and Proverbs, D. G.: An exploration of
factors affecting the long term psychological impact and deterio-
ration of mental health in flooded households, Environ. Res., 140,
325-334, https://doi.org/10.1016/j.envres.2015.04.008, 2015.

Laudan, J., Rozer, V., Sieg, T., Vogel, K., and Thieken, A. H.: Dam-
age assessment in Braunsbach 2016: data collection and analy-
sis for an improved understanding of damaging processes dur-
ing flash floods, Nat. Hazards Earth Syst. Sci., 17, 2163-2179,
https://doi.org/10.5194/nhess-17-2163-2017, 2017.

Lindell, MK., Arlikatti, S., and Prater, C. S.: Why People Do
What They Do to Protect Against Earthquake Risk: Perceptions
of Hazard Adjustment Attributes, Risk Anal., 29, 1072-1088,
https://doi.org/10.1111/j.1539-6924.2009.01243 x, 2009.

Mason, V., Andrews, H., and Upton, D.: The psychological im-
pact of exposure to floods, Psychol. Health Med., 15, 61-73,
https://doi.org/10.1080/13548500903483478, 2010.

Merz, B., Kreibich, H., Schwarze, R., and Thieken, A. H.: Review
article “Assessment of economic flood damage”, Nat. Hazards
Earth Syst. Sci., 10, 1697-1724, https://doi.org/10.5194/nhess-
10-1697-2010, 2010.

Milne, S., Sheeran, P., and Orbell, S.: Prediction and intervention
in health-related behavior: A meta-analytic review of protection
motivation theory, J. Appl. Soc. Psychol., 30, 106-143, 2000.

Morss, R. E., Mulder, K. J., Lazo, J. K., and Demuth, J. L.:
How do people perceive, understand, and anticipate respond-
ing to flash flood risks and warnings? Results from a public
survey in Boulder, Colorado, USA, J. Hydrol., 541, 649-664,
https://doi.org/10.1016/j.jhydrol.2015.11.047, 2016.

Mulilis, J. P. and Lippa, R.: Behavioral-change in earthquake pre-
paredness due to negative threat appeals. A test of protection mo-
tivation theory, J. Appl. Soc. Psychol., 20, 619-638, 1990.

Munich Re: Topics Geo 2016 — Natural catastrophes 2016 — Anal-
yses, assessments, positions, Miinchen, 2017.

Nat. Hazards Earth Syst. Sci., 20, 999-1023, 2020

Murawski, A., Zimmer, J., and Merz, B.: High spatial and
temporal organization of changes in precipitation over Ger-
many for 1951-2006, Int. J. Climatol., 36, 2582-2597,
https://doi.org/10.1002/joc.4514, 2015.

Puga, J. L., Krzywinski, M., and Altman, N.: Bayesian statistics.
Today’s predictions are tomorrow’s priors, Nat. Meth., 12, 377—
378, https://doi.org/10.1038/nmeth.3368, 2015.

Rogers, R. W.: A protection motivation theory of fear ap-
peals and attitude change, J. Psychol., 91, 93-114,
https://doi.org/10.1080/00223980.1975.9915803, 1975.

Roézer, V., Miiller, M., Bubeck, P., Kienzler, S., Thieken, A. H.,
Pech, 1., Schroter, K., Buchholz, O., and Kreibich, H.: Cop-
ing with pluvial floods by private households, Water, 8, 304,
https://doi.org/10.3390/w8070304, 2016.

Spekkers, M., Rozer, V., Thieken, A. H., Ten Veldhuis, M.-C.,
and Kreibich, H.: A comparative survey of the impacts of ex-
treme rainfall in two international case studies, Nat. Hazards
Earth Syst. Sci., 17, 1337-1355, https://doi.org/10.5194/nhess-
17-1337-2017, 2017.

Thieken, A. H., Miiller, M., Kreibich, H., and Merz, B.: Flood
damage and influencing factors: New insights from the Au-
gust 2002 flood in Germany, Water Resour. Res., 41, W12430,
https://doi.org/10.1029/2005WR004177, 2005.

Thieken, A. H., Petrow, T., Kreibich, H., and Merz, B.: Insurability
and Mitigation of Flood Losses in Private Households in Ger-
many, Risk Anal., 26, 383-395, https://doi.org/10.1111/j.1539-
6924.2006.00741.x, 2006.

Thieken, A. H., Olschewski, A., Kreibich, H., Kobsch, S., and Merz,
B.: Development and evaluation of FLEMOps — a new Flood
Loss Estimation MOdel for the private sector, in: Flood Recovery,
Innovation and Response, edited by: Proverbs, D., Brebbia, C.
A., and Penning-Rowsell, E., WIT Transactions on Ecology and
the Environment, 315-324, 2008.

Thieken, A. H., Bessel, T., Kienzler, S., Kreibich, H., Miiller,
M., Pisi, S., and Schroter, K.: The flood of June 2013 in Ger-
many: how much do we know about its impacts?, Nat. Hazards
Earth Syst. Sci., 16, 1519-1540, https://doi.org/10.5194/nhess-
16-1519-2016, 2016a.

Thieken, A. H., Kienzler, S., Kreibich, H., Kuhlicke, C., Kunz,
M., Miihr, B., Miiller, M., Otto, A., Petrow, T., Pisi, S., and
Schroter, K.: Review of the flood risk management system in
Germany after the major flood in 2013, Ecol. Soc., 21, 51,
https://doi.org/10.5751/ES-08547-210251, 2016b.

Thieken, A. H., Kreibich, H., Miiller, M., and Lamond, J.: Data col-
lection for a better understanding of what causes flood damage —
experiences with telephone surveys, in: Flood damage survey and
assessment: new insights from research and practice, edited by:
Molinari, D., Menoni, S., and Ballio, F., AGU, Wiley, Hoboken,
NJ, USA, 95-106, https://doi.org/10.1002/9781119217930.ch7,
2017.

Van de Schoot, R., Broere, J. J., Perryck, K. H., Zondervan-
Zwijnenburg, M., and van Loey, N., E.: Analyzing small
data sets using Bayesian estimation: the case of post-
traumatic stress symptoms following mechanical ventila-
tion in burn survivors, Eur. J. Psychotraumatol., 6, 25216,
https://doi.org/10.3402/ejpt.v6.25216, 2015.

Van Valkengoed, A. M. and Steg, L.: Meta-analyses of factors mo-
tivating climate change adaptation behaviour, Nat. Clim. Cange,
9, 158-163, 2019.

www.nat-hazards-earth-syst-sci.net/20/999/2020/


https://doi.org/10.5194/nhess-14-1731-2014
https://doi.org/10.1080/17565529.2019.1579698
https://doi.org/10.5194/nhess-15-505-2015
https://doi.org/10.5194/nhess-5-117-2005
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1016/j.envres.2015.04.008
https://doi.org/10.5194/nhess-17-2163-2017
https://doi.org/10.1111/j.1539-6924.2009.01243.x
https://doi.org/10.1080/13548500903483478
https://doi.org/10.5194/nhess-10-1697-2010
https://doi.org/10.5194/nhess-10-1697-2010
https://doi.org/10.1016/j.jhydrol.2015.11.047
https://doi.org/10.1002/joc.4514
https://doi.org/10.1038/nmeth.3368
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.3390/w8070304
https://doi.org/10.5194/nhess-17-1337-2017
https://doi.org/10.5194/nhess-17-1337-2017
https://doi.org/10.1029/2005WR004177
https://doi.org/10.1111/j.1539-6924.2006.00741.x
https://doi.org/10.1111/j.1539-6924.2006.00741.x
https://doi.org/10.5194/nhess-16-1519-2016
https://doi.org/10.5194/nhess-16-1519-2016
https://doi.org/10.5751/ES-08547-210251
https://doi.org/10.1002/9781119217930.ch7
https://doi.org/10.3402/ejpt.v6.25216

J. Laudan et al.: Flash floods versus river floods — a comparison of psychological impacts and implications 1023

Wagner, K.: Mental Models of Flash Floods and Land-
slides, Risk Anal., 27, 671-682, https://doi.org/10.1111/j.1539-
6924.2007.00916.x, 2007.

Ware, J. E. and Sherbourne, C. D.: The MOS 36-Item Short-Form
Health Survey (SF-36). 1. Conceptual Framework and Item Se-
lection, Medical Care, 30, 473-483, 1992.

www.nat-hazards-earth-syst-sci.net/20/999/2020/

Wetzels, R., Matzke, D., Lee, M. D., Rouder, J. N., Iver-
son, G. J., and Wagenmakers, E. J.: Statistical Evidence
in Experimental Psychology: An Empirical Comparison Us-
ing 855 r Tests, Perspect. Psycholog. Sci., 6, 291-298,
https://doi.org/10.1177/1745691611406923, 2011.

Nat. Hazards Earth Syst. Sci., 20, 999-1023, 2020


https://doi.org/10.1111/j.1539-6924.2007.00916.x
https://doi.org/10.1111/j.1539-6924.2007.00916.x
https://doi.org/10.1177/1745691611406923

	Abstract
	Introduction
	Data and methods
	Description of the river flood and flash flood datasets
	Separation of weak floods and strong flash floods
	Defining main psychological indicators
	Indicator on precautionary behaviour
	The Bayesian approach
	Average posterior distributions, Jensen–Shannon divergence and regression tests

	Results and discussion
	Psychological indicator distributions
	Precaution indicators
	Posterior distributions and regressions of the psychological indicators
	Rankings and regressions of single psychological variables
	Discussion of the hypotheses

	Conclusion
	Appendix A
	Data availability
	Author contributions
	Competing interests
	Acknowledgements
	Financial support
	Review statement
	References

