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Abstract. In this study, we examine the relationship between frequent flood experience (FFE), norm perception, and

10  responsibility attribution. Given that floods are assumed to occur more often in the future and that perceived norms and
responsibility attribution are drivers of individual-level protective behavior against them, understanding these relationships is
vital. The data for the current study come from a household survey conducted in flood-prone regions of the Federal State of
Saxony (Germany) in 2020. We applied regression analyses to test for nonlinear relationships between FFE, responsibility
attribution for flood risk management, and perception of social norms supporting private flood-protective behavior. In addition,

15  we tested for moderating effects of these relationships. We identified three key findings. First, the relationship between
experience and responsibility attribution follows a nonlinear path: as individuals experience multiple flood events, the gap
between assigned responsibility to the self/the community vs. the city/the state widens. Changes in norm perceptions after
frequent flood experience are less dynamic. Second, under consideration of interaction effects, we find increasing discrepancies
in responsibility attribution and perception of social versus personal norms after the third flood event, depending on self-

20  efficacy, control beliefs, and ingroup identification. Third, we observe a diverging trend between perceived norms for
protective behavior and responsibility attribution to the self/the community. These findings suggest a potential polarization in
flood risk management, shaped by the perceived ability to manage floods and the social environment.

1 Introduction

25 Flooding is one of the most economically devastating natural hazards in Germany. The flash flood event in 2021 caused
damages estimated at nearly 10.9 billion euros and claimed the lives of 190 people (GDV, 2024; Thieken et al., 2023).
Individual-level protective behavior plays a crucial role in reducing flood risks (e.g., BMUV, 2022; UNISDR, 2015). Here,
factors such as social norms, self-efficacy beliefs, risk perception, responsibility attributions, and negative affect are the most
influential drivers of protection motivation (for recent reviews, see Bamberg et al., 2017; van Valkengoed & Steg, 2019).

30  Furthermore, with global climate change altering precipitation patterns, flooding is likely to occur more frequently, putting
more people and places at risk (IPCC, 2023). According to attribution studies by Kreienkamp et al. (2021) and Tradowsky et
al. (2023), the 2021 flood event in Germany became more likely due to climate change. Aside from changes in hazard,
increasing exposure, resulting from altering land use patterns and socioeconomic development, further adds to the risk of
flooding (e.g., Bouwer, 2013; Merz et al., 2021; Steinhausen et al., 2022). Combining both, the importance of individual-level

35 protective behavior in reducing flood risks and expected changes in frequency and exposure to floods, it is obvious that we
need to understand the sensitivity of protective behavior, and antecedents, to changes in the occurrence of floods.

Kéhler & Han (2024) find that risk perception and coping appraisal are significantly related to the number of experienced
flood events. Accordingly, more experienced people tend to associate a higher risk with flooding and a greater effort with the
implementation of protective measures. With the current study, we broaden this research scope to the social environment,
40  specifically the perception of social norms and the attribution of responsibility in flood risk management (FRM). There is
growing evidence that people are more likely to implement protective measures when they perceive this to be the social norm
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in their ingroup and when they feel responsible for reducing flood risk (e.g., Becker et al., 2015; Botzen et al., 2024; Botzen

etal., 2009b; Grothmann & Reusswig, 2006; Lo, 2013; Schrieks et al., 2024; Slotter et al., 2020; Soane et al., 2010). However,

there is limited knowledge of the antecedents of responsibility attribution and norm perception. The current study addresses
45  this gap by focusing on frequent flood experience (FFE) as a possible driver.

In particular, we link FFE and responsibility attribution to different actors in FRM, namely, the self, the community, the city,
and the state. With this detailed view, we hope to obtain insight into the dynamics of responsibility attribution over flood
experience. Furthermore, we pinpoint a possible link between FFE and the perception of norms, with the aim of shedding light
on the question of whether the experience of flooding may lead to collective learning processes and changes in perceived social

50  norms. In Section 2, we discuss the existing literature on the relationship between hazard experience, responsibility attribution,
and norm perception. This is followed by a description of the case study and the methods applied (Section 3). In the subsequent
section, we present the results (Section 4), discuss them in Section 5, and draw conclusions from the current study in Section
6.

2 Literature review and research questions

55 21 Flood experience
Many studies that have integrated hazard experience into their analyses linked it to individual-level protective behavior (e.g.,
Duijndam et al., 2023; Kuhlicke et al., 2020a; Norris et al., 1999) or antecedents of behavior, such as risk perception (e.g.,
Botzen et al., 2015; de Wolf et al., 2023; Franceschinis et al., 2021; Lazrus et al., 2016; Mondino et al., 2020; Siegrist &
Gutscher, 2008, see Bamberg et al., 2017 for meta-analytic evidence on the relationship between flood experience and risk

60  perception or protective behavior). Whereas many studies suggest a positive relationship between experience and behavior,
the significance and direction of the link also depend on the definition of experience. Common definitions are whether people
have experienced at least one flood event or none (e.g., Heidenreich et al., 2020; Lawrence et al., 2014), having faced physical
damages to private buildings (e.g., Osberghaus, 2017), having been evacuated (Botzen et al., 2009a; Reynaud & Aubert, 2020),
or indirectly affected through family members and friends (Thistlethwaite et al., 2018). In the current study, we define flood

65  experience as the frequency with which people have subjectively undergone such events (i.e. how often they report to have
been affected by a flood event). While many studies have looked at the relationship between experience, individual-level
protective behavior, and some associated motivational factors, studies investigating how hazard experience affects the

perception of the social environment are scarce (also concluded in Begg et al., 2017).

2.2 Existing knowledge on norm perception and responsibility attribution in the context of flood risk

70  Attribution of responsibility

Previous studies suggest that there are several factors influencing whether people perceive themselves as responsible for flood
protection. Rauter et al. (2020) find that persisting narratives from the past leading to strong trust in public flood protection
and a lack of support for private adaptation hinder the acceptance of private responsibility. This aligns with Begg (2017)
concluding from their review of existing literature on justice and responsibility attribution in England, Germany, and the
75 Netherlands that financial support by the state is necessary for local stakeholders to adopt responsibility in flood risk
management. On the contrary, top-down planning processes, found to be (partially) prevalent in these countries, limit the local
stakeholder’s opportunities to get involved. Dillenardt et al. (2022) also observe that people feel more personally responsible
if they perceive the financial support provided by the government for implementing protective measures as sufficient.
Interviewing residents of flood-prone regions in England, Snel et al. (2021) find that they preferred public authorities to take
80  more responsibility, exemplarily through monetary support for the implementation of flood protection measures. Snel et al.
(2021) further conclude that respondents were not fully aware of the legal distribution of responsibility between stakeholders
involved in FRM (see also Johnson & Priest, 2008; Ommer et al., 2024). Henderson et al. (2025) infer from two Scottish case

2
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studies that an unclear distribution of responsibility can lead to its externalization from public institutions to communities and
vice versa, a process referred to as the ‘cycle of externalization' (p. 13). They hypothesize that such externalization harms
85 community resilience and slows down mitigation actions. From their survey among German residents affected by the 2021
flood, Ommer et al. (2024) observe that people either assign responsibility to themselves or to public authorities and rarely
consider it a joint responsibility. Another potential factor influencing responsibility attribution is self-efficacy beliefs. Terpstra
& Gutteling (2008) find higher self-efficacy beliefs to be a driver of ascribing responsibility to the self rather than to the
government. Consequently, ongoing narratives, lack of (perceived) individual resources, governmental support, and unclear

90  distribution of responsibility can challenge the acceptance of personal responsibility in FRM.

Studies linking flood experience and responsibility attribution yielded mixed results. Bichard & Kazmierczak (2012) observe

a weak but significant positive correlation between being flooded before and ascribing responsibility for flood protection to

the government. On the contrary, the more flood-experienced respondents in Kuang & Liao (2022) were more likely to ascribe
responsibility to themselves. The authors suggest that this might be due to learning from past floods and the perception that

95 only they can provide sufficient protection. Begg et al. (2017) find that people were more likely to agree that citizens are
responsible if their experience was not severe. This aligns with the observed pattern by Terpstra & Gutteling (2008) that people

with higher levels of expected control during a flood event are more likely to ascribe responsibility to the self, whereas those
expecting higher consequences are more likely to ascribe it to the state. These two studies suggest that the attribution of
responsibility to flood-prone residents is related to their perceived ability to deal with floods. Lastly, Bubeck et al. (2020) find

100 that the ascription of responsibility to the self versus public authorities remains widely stable over the years after a flood event.

Perception of norms

Psychological research has demonstrated that individuals use different information sources to infer social norms (e.g., on
private flood-protective behavior), including information about the respective behaviors and attitudes of significant others
(Tankard & Paluck, 2016). Therefore, the perception of social norms may be subject to biases in information search and

105 processing (e.g., Jonas et al., 2006, for models on risk information-seeking behavior see Griffin et al., 1999; Kahlor, 2010).
For example, individuals who identify themselves highlighly with their social ingroup (e.g., their local community) might be
motivated to perceive ingroup norms that support a positive image of their group (see Masson et al., 2016, for experimental
evidence on group-serving norm perceptions among high identifiers). Although social norms are a strong predictor of
protective behavior (for a review, see van Valkengoed & Steg, 2019), little research has examined the factors that shape them.

110 In the following, we briefly discuss studies that have explored the link between risk perception, coping appraisal and social
norms to gain insights into their role in FRM.

Bubeck et al. (2018) observe that people who assume that relevant others undertake actions to protect from flooding are more
likely to perceive themselves as self-effective (see also Kurata et al., 2022; Mclvor & Paton, 2007; Seebauer & Babcicky,
2020). Seebauer & Babcicky (2020) hypothesize that social norms might particularly influence self-efficacy when the
115  corresponding behavior is visible to others. This aligns with Bandura (1997, p. 87) that observing (similar) others successfully
performing a specific behavior can strengthen the observer's self-efficacy in being capable of carrying out the respective
behavior as well. Further, Bubeck et al. (2018) find that the perception of others undertaking protective measures negatively
relates to the expected effort to implement non-structural measures and positively to the perceived effectiveness of purchasing
insurance and implementing structural- and nonstructural measures (see also Mclvor & Paton, 2007; Vinnell et al., 2019; Wood
120 et al., 2012). De Wolf et al. (2023) observe that perceived injunctive norms for flood protection positively relate to individual
risk perception, supported for perceived descriptive norms by Kurata et al. (2022). Lo (2013) finds that injunctive and
descriptive norms mediate the relationship between risk perception and the purchase of flood insurance, concluding that people
are more likely to act on their risk perception when they perceive protective behavior to be the social norm. They consider the

3
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relationship between perceived social norms and risk perception to be bidirectional: people might perceive others to be acting
125 because they appraise flooding as a serious threat, or people might be more likely to perceive flooding as a risk because they
observe others undertaking protective measures (see also Social Amplification of Risk; e.g., Kasperson et al., 1988).

The discussion of the existing literature on the development of social norms in the context of private flood protection shows
that there is already some knowledge. Exemplarily, social norm perception and perceived self-efficacy seem to be interrelated.
The same applies to the link between social norm perception and threat appraisal. However, the effect of personal experience,

130  exemplarily through social learning and ingroup dynamics, remains widely unclear.

2.3 Linking flood experience, norm perception, and attribution of responsibility theoretically

Although there are studies examining the drivers of norm perception and responsibility attribution in the domain of flood risk

management, studies investigating personal experience as driver, especially of norm perception, are scarce. In addition, the

relationships between experience, perceived norms and responsibility attribution are rarely integrated in existing theoretical
135 frameworks. In the following section, we attempt to theoretically reason the hypothesized effect of frequent flood experience

on the development of perceived norms and responsibility attribution by combining existing theories and concepts.

Developments in norm perception and responsibility attribution over frequent flood experience could result from observing or
adopting actual changes in significant others’ behaviors and attitudes (see Theory of Social Learning, Bandura, 1973, p.68).
Fischer et al. (2013, p.127) state that it is particularly social norms that are often acquired through social interaction. Frequent
140  flood experience and associated exchanges, such as during joint reconstruction activities, might provide these opportunities
for observation, interaction, and learning from each other (Kuang & Liao, 2020; van der Linden et al., 2015). Moreover, it has
been shown that especially in uncertain situations, informational social influence is vital in shaping opinions (Fischer et al.,
2013, p.143; Sherif, 1935). In addition to learning from others, personal experience might contribute to a more realistic

evaluation of the effectiveness and limitations of private precautions, thus impacting responsibility attribution.

145  Another factor causing shifts in norm perception and responsibility attribution following frequent flood experience may be
rooted in motivated cognition. The concept of motivated cognition refers to the adjustment of perceptions to avoid unfavorable
states of mind (e.g., Fischer & Wiswede, 2009, p. 214-215). One such unfavorable state could be diminished self-esteem or
increasing uncertainty when experiencing multiple floods. According to the Social Identity Theory (SIT), an individual’s
perceptions of their ingroup shape their social identity (Tajfel & Turner, 1979, 1986), which is connected to their self-concept

150  (Tajfel & Turner, 1986). This is especially the case if people highly identify with the respective group (e.g., Fritsche et al.,
2013; Masson et al., 2016; Rothbaum et al., 1982; Stollberg et al., 2015). In the context of the current study could the analogy
suggest that attributing positive traits to the ingroup, such as a consensus on engaging in flood-preventive actions (i.e., social
norms), can be a leverage to maintain a competent self-concept and regain a sense of control when underging multiple flood
events, which is found to be negatively linked to feelings of control and coping appraisal (Kéhler & Han, 2024). Attributing

155 responsibility to public authorities rather than oneself could further serve as a way to rationalize being flooded frequently
despite adaptation, without questioning one's own ability but rather blaming limits of private adaptation (e.g., Cologna et al.,
2017; Gosling et al., 2006).

In fact, both factors, actual changes in behaviors and attitudes of others and motivated cognition, can shape people's image of
their social environment (Frey, 1997; p.58).

160 3 Research questions of the current study

The literature review (1.2) revealed that there is only little knowledge of the relationship between flood experience,
responsibility attribution, and especially norm perception. From this gap, we derive the following overarching research
question (RQ1) of the current study:
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RQ1: How does the attribution of responsibility for flood protection to different actors (individuals, the community, the city,
and the state) and the perception of social norms relate to frequent flood experience?

To understand the patterns observed in RQ1 and link them theoretically, we tested for boundary conditions for the effect of
FFE on perceived norms and responsibility attributions. From the theoretical considerations (1.3), we hypothesized that locus
of control and group identification could play a mediating role. In this context, we formulated the following research question:

RQ2: Do factors related to perceived control of future flood risk (i.e., helplessness and self-efficacy) and social connectedness
(i.e., group identification) moderate the relationship between frequent flood experience, norm perception, and responsibility
attribution?

With the third research question, we aim to uncover possible discrepancies between how much individuals feel responsible

and the perceived expectations of their community members regarding private flood protection:

RQ3: How do changes in perceived norms and attributions of responsibility interact in the context of frequent flood

experience?

4 Case study and methodology
4.1 Study site and data collection

The data for the analyses stem from a household survey, carried out as part of the PIVO Project in 2020/2021 in 11 randomly
chosen communities in the Federal State of Saxony (Germany, Siedschlag et al., 2023; see Fig.1). For the current study, we
used the 2020 survey wave. In total, 1.884 people participated in the survey (response rate: 59.3%). Most of the respondents
had not experienced any flood event before, while almost 17% indicated having experienced at least three floods (Fig. 2). The
federal state of Saxony has been impacted by several flood events in the past, among which the 2002 flood event was the most
severe: 21 people died and flood damage reached 8.6 billion euros (DKKYV, 2015; LTV, 2022). Other devastating floods
occurred in 2010 and 2013 (LTV, 2022).
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Figure 1: Federal state of Saxony with surveyed districts highlighted, designated flood plains, and main rivers; created with
ArcGIS, layer sources: districts of Saxony: GeoSN - Landesamt fur Geobasisinformation Sachsen, 2024; big rivers: Geofabrik,
2024; designated flood plains: LUIS - Landwirtschaft- und Umweltinformationssystem fur Geodaten, 2024
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4.2

Distribution of flood experience in the dataset

Selected variable and analytical steps

The selected variables for the analyses are presented in Table 1. To obtain interpretable classes for the moderation analyses,

we built three groups for each moderator and assigned respondents based on their responses to the statements (Table 2).

Table 1: Variables and summary statistics

Variable

Question(s)/Statement(s) in the questionnaire

[Values]

Summary statistics, standard
deviation in brackets

Injunctive norm perception

(inj, composite variable of
two questions)

"Most people in my city expect me to protect
myself from flooding."
[1= strongly disagree; 7= strongly agree]

"Most people in my city think that everyone should
protect themselves."
[1=strongly disagree; 7= strongly agree]

Mean=4.23 (1.93), N= 1680

Mean=4.05 (1.85), N=1682

Descriptive norm perception
(des, composite variable of
two questions)

"Most people in my city undertake protective
measures privately."
[1=strongly disagree; 7= strongly agree]

"Most people in my city implement precautionary
measures.”
[1= strongly disagree; 7= strongly agree]

Mean=4 (1.7), N= 1682

Mean=3.92 (1.66), N=1683

Personal norm

(pers, composite variable of
two questions)

"| feel morally obliged to participate in collective
actions."
[1=strongly disagree; 7= strongly agree]

"I have a bad conscience when not contributing to
collective actions."
[1=strongly disagree; 7= strongly agree]

Mean=3.6 (1.95), N=1783

Mean=3.24 (1.99), N= 1729

Perceived responsibility of
the individual

"I am personally responsible for reducing flood
damage."
[1= strongly disagree; 7= strongly agree]

Mean=3.02 (1.98), N=1698

Perceived collective
responsibility of the
community

"We, the people of my city, are collectively
responsible for reducing flood damage." [1=
strongly disagree; 7= strongly agree]

Mean=3.75 (1.8), N=1701

Perceived responsibility of
the city*

"The city is responsible for reducing flood
damage."
[1= strongly disagree; 7= strongly agree]

Mean=5.51 (1.51), N=1746

Perceived responsibility of
the state*

"The state is responsible for reducing flood
damage."
[1= strongly disagree; 7= strongly agree]

Mean=5.8 (1.43), N=1732
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Frequent flood experience
(FFE)

"How many times have you personally experienced
a flood (heavy rain or riverine flood)?" [0=none;
3=at least three]

Mean=1.15 (1.12), N=1851

Perceived self-efficacy

(composite variable of three
questions)

Identification with people
living in the same city

"I trust myself to be able to protect my home from
flooding by implementing precautionary
measures.”

[1= strongly disagree; 7= strongly agree]

"I can take precautions against flood damage."
[1= strongly disagree; 7= strongly agree]

"I can prepare well for future floods."
[1=strongly disagree; 7= strongly agree]

"l identify with people in my city."
[1=strongly disagree; 7= strongly agree]

Mean=3.93 (2), N=1742

Mean=4.04 (2.04), N=1758

Mean=3.67 (1.96), N=1746

Mean=4.79 (1.66), N=1810

Expected helplessness during
the next flood event

"When | think about future flood events, | feel
helpless."

Mean=3.65 (1.96), N=1821

[1= strongly disagree; 7= strongly agree]

195  * Throughout the paper, we use the terms "public authorities” or "public actors" to refer to the city/state

Table 2: Number of respondents per group (moderator analyses)

Moderator Self-efficacy
440 (25.6%)
919 (53.5%)

360 (20.9%)

Group identification
191 (10.6%)
911 (50.3%)
708 (39.1%)

Helplessness
638 (35%)

775 (42.6%)
408 (22.5%)

Low [answer: 1,2]
Medium [answer: 3,4,5]
High [answer: 6,7]

Since the norm variables reflect the average of two variables measuring the underlying construct (see Table 1), we z-
standardized the norm and responsibility variables to make the effects of FFE comparable. In the following, we present the

200  analytical steps for each research question separately.

RQ1: How does the attribution of responsibility for flood protection to different actors (individuals, the community,

the city, and the state) and the perception of social norms relate to frequent flood experience?

We applied single-level linear regression models and iteratively adjusted the reference group to investigate the effect of each
flood experience separately. In formula 1, we exemplarily present the equation for investigating the effect of the first flood
205  experience, taking zero flood experience as the reference category. For the norm constructs, the descriptive analyses suggest

rather linear relationships, which we comparatively tested with a simple linear regression (formula 2).
z_Yj(reference:FFE_0) = o+ fy * FFE_1+ f, * FFE 2+ 3 * FFE 3+ ¢; 1)
z_Y; = Standardized value of perceived norm or ascription of responsibiliy for respondent j

FFE 0= {1, if respondent j has not experienced any flood event

— 710, if respondent j has experienced at least one flood event
210 FFE 1= { 1, if respondent j has experienced one flood event

=710, if respondent j has experienced less or more than one flood event

FFE 2= { 1, if respondent j has experienced two flood events

=~ 710, if respondent j has experienced less or more than two flood events
FFE 3= {1, if respondent j has experienced at least three flood events

=710, if respondent j has experienced less than three flood events

Z_NORM,(FFE) = B, + B, * FFE + ¢ @
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z_NORM; = Standardized value of perceived norm for respondent j

215  We further analyzed whether the effect of FFE on norm perception/responsibility attribution differs between the distinct
constructs (e.g., whether the perception of descriptive norm develops statistically significantly from the personal norm).
Therefore, we long-transformed the dataset, obtaining multiple rows per respondent j, in which the norm/responsibility
measurements are nested. As observations from the same person are not independent, we applied a mixed-effects model with
random intercepts. To compare the effects of flood experience between different norm/responsibility constructs, we added

220 ny;lr;; as interaction effect (formula 3,4).

Z_NORMi]'(TefeTenCe:FFE_O) = ﬁO +ﬂ1 * FFE_l * nij + ﬁz * FFE_Z *Tli]' +,83 * FFE_3 * nij +u1 + €l'l' (3)
Z_RESPONSIBILITY;j(reference: FFE_0) = Bo + By * FFE; x1;j + By * FFE, x 13 + B3 * FFE3 * 13 + u; + & 4)

z_injunctive norm, if n; =1
z_NORM;; = { z_descriptive norm, if ny=2
z_personal norm, if n;j=3

z_individual responsibility, if r;; =1

RESPONSIBILITY. J z_collective responsibility, if r;j =2
z_RESPONS 47 ) z_city's responsibility, if ;=3

z_state's responsibility, if r;; =4
225  ny;=nested norm type i (e.g., injunctive norm) for respondent
7;;= nested responsibility type i (e.g., ascribed individual responsibility) for respondent j
w;= respondent-specific (=level 2) random intercept effect
e;j= norm-/responsibility-type (=level 1) random effect

RQ2: Do factors related to perceived control of future flood risk (i.e., perceived helplessness, low self-efficacy) and
230  social connectedness (i.e., group identification) moderate the relationship between frequent flood experience, norm
perception, and responsibility attribution?

To test for moderating effects of the relationship between responsibility attribution, norm perception, and flood experience,
we added interaction terms to the formula (1):

z_Yj(reference category: FFE_0) = By + By * FFE_1 xm; + B, * FFE_2 xm; + B3 x FFE_3 *x m; + ¢; (5)

235 m; = value of the moderator m for the respondent j

We further added moderators to (3) and (4) to test whether the moderation effects differ between distinct norm and
responsibility constructs, leading to formula (6) and (7):

ZNORMij(reference:FFE_O) = Bo+ By * FFEy xmj xnyj + By x FFE, * mj * nyj + B3 x FFEs *my +ny; + w; + g5 (6)
z_RESPONSIBILITY;j(reference: FFE_0) = By + By * FFE; x m; x1;; + B, * FFE, xm; x1;; + B3 * FFE3 + m; * 15 +

To account for the different sample sizes per category of the moderators and potential biases due to outliers (see Table 2), we
applied additional analyses, incorporating heteroskedasticity-robust standard errors into the models (Huber-White estimator).

For the simple OLS (ordinary least squares regression, formula 5), we applied the HC3 correction. For the mixed-effects model

8
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(formula 6, 7), we employed HC1, as HC2 and HC3 are not applicable. For some interactions, the coefficients become

245 insignificant following these adjustments. However, since the p-values only slightly exceed the chosen significance threshold
of p<0.05, we decided to still interpret these coefficients alongside those that remain statistically significant. For transparency,
the regression coefficients and 95% confidence intervals for both estimations are presented in the Appendix A and B.

RQ3: How do changes in perceived norms and attributions of responsibility interact in the context of frequent flood

experience?

250  We adopted the mixed-effect approach to answer RQ3. Instead of distinctly comparing norm/responsibility constructs, we

incorporated them into one model (formula 8). We iteratively compared single norm constructs to all responsibility variables.

@) 2_NORM_RESPONSIBILITY;; (reference: FFE_0) = By + By * FFE; * nryj + By * FFE, * nryj + B3 * FFE;
TlTij + uj + SL']' (8)

z_descriptive norm, if nrj =2
z_personal norm, if nr;; =3
z_NORM_RESPONSIBILITY;; = z_individual responsibility, if nr;; =4
z_collective responsibility, if nry; =5
z_city's responsibility, if nr;j =6
z_state's responsibility, if nr;; =7

[ z_injunctive norm, if nrj; =1

255 5 Results
51 Trends in responsibility attribution and perceived norms for flood protection over flood experience (RQ1)

Responsibility attribution

Flood protection is the responsibility of...

Strongly |
agree
) >
57 ,,.,,,.(‘:;\"._.,,,.,, - |
... the state
... the city

—*— __. our community
—e— . myself

24
Strongly |
disagree L ! ; )
0 1 2 >=3
Number of experienced flood events
Figure 3: Development of ascription of responsibility over flood experience; statistically significant differences in the effect
260 of experience between different responsibility attributions are marked with the same letter; capitalized letter: p<0.01

Figure 3 hints at the existence of nonlinear relationships between FFE and responsibility attribution. Accordingly, the attributed
responsibility to public authorities decreases after the first flood event, followed by an increase after the second flood
(statistically significant, see Table 3). Further, after the third flood event, respondents tend to ascribe significantly less
responsibility to the community (see Table 3). We conclude an increasing gap between responsibility attributed to public
265  authorities vs. the community, supported by statistically significant differences in the effects of the third flood event (Fig. 3,
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B, C). The personal responsibility remains widely stable (Fig. 3), supported by the insignificant regression coefficients

presented in Table 3.

Table 3: Linear/non-linear effects of flood experience on the ascription of responsibility

Personal Collective City's State's
responsibility responsibility responsibility responsibility
(standardized) (standardized) (standardized) (standardized)

Effect of first flood experience 0.05 -0.05 -0.19** -0.13*

Effect of second flood flood experience 0.11 0.09 0.22** 0.25**

Effect of third flood flood experience -0.08 -0.24** 0.01 0.1

* P <0.05; ** p<0.01

270 Norm perception

High |
perception

Perception of injunctive norms

44 ./ —e— Perception of descriptive norms
fo —e— Personal norm
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perception L ' ' '
0 1 2 >=3
Number of experienced flood events
Figure 4: Development of norm perception over flood experience

From Figure 4, we conclude that the more floods people have experienced, the more likely they are to believe that others
expect them to undertake protective actions (injunctive norms), that others implement private adaptation measures (descriptive
275  norms), and to feel morally obligated to take part in collective actions to protect from flooding (personal norms). This is
supported by the significant regression coefficients, presented in Table 4. Only for the perception of injunctive norms can we
find signals for a nonlinear relationship. Contrarily to the development of responsibility, are changes in norm perception over

FFE more stable and do not statistically significant differ in their development over flood experience.

Table 4: Linear and non-linear effects of flood experience on the perception of norms

Perception of injunctive norms Perception of descriptive norms | Personal norms
(standardized) (standardized) (standardized)
Effect of first flood experience 0.08 0.05 0.04
Effect of second flood experience -0.04 0.07 0.1
Effect of third flood experience 0.23** 0.1 0.02
Linear effect of frequent flood experience | 0.07** 0.07** 0.06**

280 *p<0.05; % p<0.01
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5.2 Moderation effects on the observed relationships (RQ2)

Building on the diverging developments in responsibility attribution and (slightly) norm perception after people had
experienced three or more flood events (RQ1), we tested for moderating effects based on the theories discussed, aimed at better
understanding these patterns. Therefore, in the subsequent description of the results, we primarily focus on the development

after the third flood event and whether the diverging developments are pronounced in specific groups.

Attribution of responsibility

The moderation analysis with helplessness associated with future floods did not reveal statistically significant differences after
the third flood event, thus not improving our understanding of the patterns observed in RQ1. Therefore, we excluded it from

the subsequent description of the results.

Self-efficacy beliefs

There is a diverging development between the ascription of responsibility to the self/the community vs. to public authorities
for people with high self-efficacy beliefs (Fig. 5). The decrease in the personally felt responsibility after the third flood event
differs significantly from the developments in the other groups (Fig. 5, left, a, B). The increase in ascribed responsibility to
the city differs significantly from the development among respondents with low self-efficacy beliefs (Fig. 5, left, d). The
augmenting gap between responsibility attributed to the self/community vs. public authorities after the third flood differs

statistically significantly from the respective developments in the low and medium groups (Fig. 5, right, A-E).

Flood protection is the responsibility of ... Flood protection is the responsibility of ...
Low Medium High Low Medium High
Strongly self-efficacy self-efficacy self-efficacy Strongly | y y
agree agree
6 ) 51 o 8 &%)
C g 7 ol
) (@ - ) © il
5 “ 54 21|
.. the state @ 5 i ... the state
.. the city ® | i .. the city
4 . our community 4 i ——, — ‘\\} .. our community
... myself \/\ \J _.. myself
3 34 N
2 z,\/':ﬂ
Strongly Strongly
disagree L———— T T disagree 1y —
0 1 2 >3 0 1 2 >3 0 1 2 >3 001 2 >3 0 1 2 >3 0 1 2 >3
Number of experienced flood events Number of experienced flood events
Figure 5: Development of ascription of responsibility over flood experience, depending on self-efficacy beliefs. Left:

Statistically significant differences in the effect of flood experience are marked by the same letter, e.g., letter B: the decrease in
the personally felt responsibility after the third flood event in the high effective group differs statistically significantly from the
slight increase in the medium effective group. Right: Statistically significant differences in the diverging development of two
responsibility variables are marked with the same letter, e.g., letter B: the increasing difference between the ascribed
responsibility to the state and the individual after the third flood event in the high effective group differs statistically
significantly from the respective development in the medium effective group. Lowercase letter: p<0.05, capitalized letter:
p<0.01; I; applying heteroskedasticity-consistent standard errors: left: ¢ becomes insignificant (HC3); right: f becomes
insignificant (HC1)

Strenght of ingroup identification

The analyses with ingroup identification as moderator indicate a divergent trend in responsibility attribution among
respondents who reported strong ingroup identification (Fig. 6). The decrease in the personally felt responsibility after the third
flood event differs statistically significantly from the respective increase among low-identifiers (Fig. 6, left, b). The same

applies to the augmenting gap between responsibility attributed to the self/the community vs. the city/state (Fig. 6, right, A, B,
d).
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315 Figure 6: Development of ascription of responsibility over flood experience, depending on reported group identification.
Left: Statistically significant differences in the effect of flood experience are marked by the same letter, e.g., letter b: the decrease
in the personally felt responsibility after the third flood event in the high effective group differs statistically significantly from
the increase in the low identified group. Right: Statistically significant differences in the diverging development of two
responsibility variables are marked with the same letter, e.g., letter A: the increasing difference between the ascribed

320 responsibility to the state and the individual after the third flood event in the high effective group differs statistically
significantly from the respective development in the low identified group. Lowercase letter: p<0.05, capitalized letter: p<0.01

Perception of social norms
Self-efficacy beliefs
The gap between perceived social versus personal norms increases over flood experience among people with low self-efficacy
325  beliefs (Fig. 7). The augmentation differs from the decrease among respondents who reported medium self-efficacy (Fig. 7,
right, a). After the third flood event, the perception of injunctive and descriptive norms increases sharply, accompanied by a
decrease in reported moral obligation. The increase in the perception of descriptive norms after the third flood event differs
statistically significantly from the development in the other groups (Fig. 7, left, a,b).
Low Medium High Low Medium High
Hign , SeiTefficacy self-efficacy self-efficacy High If-efficacy If-effi If-efficacy
perception perception |
6 6
5 54
Perceived injunctive norms /\'\’ Perceived injunctive norms
4 R | e
3 3’_\/‘1
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330 Figure 7: Development of norm perception over flood experience, depending on self-efficacy beliefs. Left: Statistically
significant differences in the effect of flood experience are marked by the same letter, e.g., letter a: the decrease in the perceived
descriptive norm after the third flood event in the highly effective group differs statistically significantly from the increase in
the low-effective group. Right: Statistically significant differences in the diverging development of two norm constructs are
marked with the same letter, e.g., a: the increasing difference between reported personal norm and perceived descriptive norm

335 after the third flood event in the low effective group differs statistically significantly from the respective development in the
medium effective group. Lowercase letter: p<0.05, capitalized letter: p<0.01; applying heteroskedasticity-consistent standard
errors: left: a becomes insignificant (HC3)

Strenght of ingroup identification
We cannot observe a diverging trend between perceived social and personal norms. However, the injunctive norm perception
340  of low identifiers develops statistically significantly different from the other two groups, supporting the observed pattern under

RQL1 (Fig. 8, left, a, b). The increasing gap between the perception of injunctive and personal norms among the low identifiers
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after the second flood differs significantly from the opposing developments among respondents who reported medium and

high ingroup identification (Fig. 8, right, a, b).
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Figure 8:

Development of norm perception over flood experience, depending on reported group identification. Left:

Statistically significant differences in the effect of flood experience are marked by the same letter, e.g., letter b: the increase in
the perceived injunctive norm after the second flood event in the low-identified group differs statistically significantly from the
decrease in the high-identified group. Right: Statistically significant differences in the diverging development of two norm
constructs are marked with the same letter, e.g., letter b: the increasing difference between reported personal norm and
perceived injunctive norm after the second flood event in the low identified group differs statistically significantly from the
respective development in the medium identified group. Lowercase letter: p<0.05, capitalized letter: p<0.01; applying
heteroskedasticity-consistent standard errors: left: a and b become insignificant (HC3), right: a, b become insignificant (HC1)

Felt helplessness concerning future floods

The increasing gap between the perception of social and personal norms after the third flood event among respondents who

associate either low or high helplessness with future floods differs significantly from the decrease observed in the medium

group (Fig. 9, right, a, b). However, we do not find statistically significant differences in the effect of the third flood event

(Fig. 9, left).
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Figure 9:

Development of norm perception over flood experience, depending on sensed helplessness with regard to future

floods. Left: Statistically significant differences in the effect of flood experience are marked by the same letter, e.g., letter d: the
increase in the reported personal norm after the second flood event in the low helpless group differs statistically significantly
from the decrease in the high helpless group. Right: Statistically significant differences in the diverging development of two
norm constructs are marked with the same letter, e.g., letter b: the increasing difference between reported personal norm and
perceived injunctive norm after the third flood event in the low helpless group differs statistically significantly from the
respective development in the medium helpless group. Lowercase letter: p<0.05, capitalized letter: p<0.01; applying
heteroskedasticity-consistent standard errors: right: a, b become insignificant (HC1)
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53 Progressive divergence of ascribed responsibility and perception of norms (RQ3)

The previous analyses reveal an upward trend in the perceived norms for private flood protection over flood experience. At
370  the same time, the responsibility assigned to the community decreases after the third flood, accompanied by an increase in the

responsibility attributed to the public authorities. The attribution of responsibility to the self remains widely stable. Testing

whether these diverging developments are statistically significant confesses that the increase in the perceived injunctive norm

after the third flood event differs significantly from the slight decrease in the attributed responsibility to the self (Fig. 10). The

same counts regarding the increasing difference between descriptive norm perception and responsibility attributed to the
375  community (Fig. 11).
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Figure 10: Development of injunctive norm perception and personally felt responsibility; A) indicates a statistically

significant different effect of the third flood event; capitalized letter: p<0.01
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380 Figure 11: Development of descriptive norm perception and reported collective responsibility; A) indicates a statistically

significant different effect of the third flood event; lowercase letter: p<0.05, capitalized letter: p<0.01

6 Discussion

I, we, and them: dynamics in attribution of responsibility over flood experience

We observe a change in the attribution of responsibility among people who have experienced multiple flood events.
385 Respondents who have experienced three or more flood events perceive their local ingroup as less responsible for flood

protection, compared to respondents who have little or no flood experience. In contrast, the perceived responsibility of public
actors in FRM, such as the city or the state, increases after the second flood event. One explanation could lie in the perceived
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efficacy of measures that can be taken at the individual, collective, and institutional level. Ueberham et al. (2014) find that
people perceive the latter's efficacy as the greatest. Especially for people who have experienced multiple flood events, the

390 efficacy of measures could be a crucial factor when asserting responsibility. Further, Kéhler & Han (2024) observe that more
experienced people are more likely to associate greater effort with implementing them, which could also be linked to the shift
in responsibility attribution.

We identify two groups with an increasing gap between responsibility attributed to the self/the community vs. public
authorities: respondents with high self-efficacy beliefs and those highly identified with their local ingroup. Within both groups,
395  the responsibility ascribed to public authorities further increases after the third flood experience, accompanied by a sharp

decrease in the ascription to the self/ the community.

Among individuals with high self-efficacy beliefs, motivated cognition may explain their tendency to externalize responsibility
when faced with repeated flooding. Motivated cognition is often linked to reducing cognitive dissonance (Frey, 1984, p. 245;
1997, p. 58). Among the respondents who reported high self-efficacy to protect from flooding, this dissonance may arise from
400  the conflict between being affected by floods frequently despite believing in their ability to protect. One way to align both
could be to question their self-efficacy. Another way, which we might see in the data, could be to externalize responsibility to
explain why efforts may not be as sufficient as intended (see also Cologna et al., 2017; Gosling et al., 2006). Furthermore, the
development could be linked to facing limits of private and collective adaptation, a point at which distorting consequences
cannot be avoided anymore with the available resources (e.g., Adger et al., 2009; Dow et al., 2013). From their literature
405 review, Kuhlicke et al. (2020b) conclude that the increasing demand for individual- and collective-level adaptation to floods
is often not accompanied by sufficient resources. Ueberham et al. (2014) find that more resilient people are more likely to
criticize a lack of information on private precautions, hypothesizing that these critical views could stem from them being more

aware of existing shortcomings.

For respondents with a high level of group identification, sustaining their self-image could play a role in the externalization of

410  responsibility from "we" to "they". According to the Social Identity Theory (SIT) derive individuals a part of their positive
self-regard from their perceptions of their social ingroup, particularly when they assign positive characteristics to it (i.e. their
social identities; Tajfel & Turner, 1986). Similarly, groups that are perceived as (highly) agentic can provide a sense of control
and being effective (Fritsche, 2022). Explaining multiple affectedness by external responsibility may help to preserve that
group's image of being effective, which may in turn, positively influence self-esteem. Existing research shows that social

415 identities are particularly important for individuals who are highly identified with their group (e.g., Fritsche et al., 2013,;
Masson et al., 2016; Masson & Fritsche, 2014).

Shaping of norms: the relationship between frequent flood experience, perception of social norms, and moral obligations

We find that flood-experienced people are more likely to believe that others expect them to undertake protective measures,
implement measures privately, and feel morally obliged to participate in collective actions. This development follows a rather

420 linear path when not accounting for moderating effects.

The observed upward shift in perceived social norms aligns with Fischer & Wiswede (2014, p. 607), stating that events are
likely to make them visible, exemplarily through observing the consequences of others' behaviors (Cialdini et al., 1990). We
assume that FFE may manifest social norms exemplarily by making the negative consequences of not having adapted visible
(e.g., damages at the building level). Additionally, the increased perception of social norms could stem from social interaction,
425  exemplarily during reconstruction after a flood. Existing studies find that social interactions can increase people's awareness
of others' expectations and behaviors (e.g., Hogg & Reid, 2006; Mackie et al., 2014; Zhang et al., 2023). The upward shift in
the moral obligation to participate in collective actions could go in the direction of Fischer & Wiswede's (2014, p. 607)
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statement that norms can be activated by remembering having obtained comparable help in the past. Another reason could lie
in a stronger perception of common fate when undergoing multiple flood events (see also Ntontis et al., 2018).

430  The sharp increase in the perception of injunctive norms after having experienced at least three floods stands out. Among the
tested moderators, we find this pattern for people with low ingroup identification, for whom we also observe an increase in
responsibility attributed to the self. There could be various potential explanations for these results. The increase in the
perception of injunctive norms could act as a channel to justify feeling personally responsible. Further, the diverging
development of descriptive and injunctive norms could hint at a “perception-expectation gap" (perception=descriptive norm,

435  expectation=injunctive norm), potentially reflecting an increasing disconnection from the community. Assumingly, people
with low ingroup identification may rather perceive such discrepancy due to sensed uneven distribution of support. However,

the increase in personal obligation to participate in collective actions challenges this hypothesis.

We further observe a divergent development between perceived social and personal norms after the third flood event. This is
the case for people who reported low self-efficacy beliefs (descriptive vs. personal norm) and great helplessness regarding
440  future floods (injunctive vs. personal norm). Specifically, in both groups, a decrease in reported moral obligation to participate
in collective protection actions is accompanied by an increase in the perceived descriptive/injunctive norm. This could be
linked to attributing positive characteristics to the ingroup (i.e., ingroup bias) as a channel to restore control when facing a
threat to it (e.g., Fritsche et al., 2013; Stollberg et al., 2017). For the current study, this could imply that expectations of others
(i.e., injunctive norms) act as a channel to restore control for helpless people, whereas it is others' agency (i.e., descriptive
445 norm) for respondents with low self-efficacy beliefs. Consequently, the combination of low self-efficacy, expected
helplessness, and multiple flood experience may lead to an increasing perception of social norms to compensate and find
motivation for own protective behavior. The opposite pole is the decline in the reported moral obligation to participate in
collective actions. The Norm Activation Theory by Schwartz (1977) postulates that for a moral obligation to develop,
individuals must think that they can sufficiently contribute to enhancing the situation. However, low perceived self-efficacy
450 and high helplessness may diminish people's perceived ability and — as a consequence — diminish their moral obligation to
contribute to collective flood-protective actions. Our findings indicate that this relationship might be even stronger when

experiencing multiple floods.

Polarization in flood risk management

The title of this article poses the question whether the experience of multiple flood events leads to a polarization in flood risk
455  management. The answer to this question is the following: it depends.

The increasing gap between the attributed responsibility to the self/the community vs. the city/the state when people have
experienced at least three floods hints at a polarization. However, due to the widely stable development of responsibility
assigned to the self, the widening gap rather stems from the increased attribution to public authorities, thereby not resulting
from divergent developments, in other words, a polarization. Neverthelesss, the simultaneous decrease in the responsibility

460  assigned to the community could hint at a polarization of "we" vs. "them".

Moderation analyses reveal that the polarization in responsibility attribution is particularly predominant for certain groups of
respondents: those with high self-efficacy beliefs and strong ingroup identification. Furthermore, the analyses detect groups
that also show a polarization in the development of perceived norms after the third flood experience: respondents with low
self-efficacy beliefs and greater associated helplessness with future floods. Specifically, they are more likely to think that
465 people in their community undertake protective measures privately and also expect the respondent to do so. At the same time,
respondents of these groups tend to feel morally less obliged to participate in collective protection actions. For both
developments, we hypothesize that maintaining/restoring a positive self-image or a sense of control could be reasons for the
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observed polarizations. Illustratively, externalizing responsibility to public authorities instead to the community could be a
way of justifying why collective protection measures may not be as sufficient as expected without questioning the general
470 efficacy of the community. Particularly for people who highly identify with their community, their self-image of being able to
protect from flooding could be closely related to how they perceive their community in this regard. The increase in perceived
social norms could be another channel of restoring the own sense of control through the ingroup (see Social Identity Theory,
Tajfel & Turner, 1986). Accordingly, assigning agentic characteristics to the community, such as a general consensus on the

importance of individual flood protection, might contribute to perceiving the group as capable.

475 In conclusion, we observe patterns of polarization with respect to the attribution of responsibility and the perception of norms
when people experience multiple flood events, particularly pronounced in certain groups. Based on this, we hypothesize that

locus of control and the desire to maintain a capable self-image are drivers of the observed polarization.

Implications for disaster risk reduction

From the current study, we derive three implications for disaster risk reduction:

480 First, we observe that more flood-experienced people are less likely to attribute responsibility for flood protection to their
community. Here, facing limits of collective community actions might play a role, as also discussed in Kuhlicke et al. (2020b)
and Thaler & Seebauer (2019). People who have undergone multiple flood events might be more likely to have been confronted
with such limits. Financial support and dissemination of knowledge targeted to region-specific demands may shift these limits
upward. Second, the decreasing personal norm to participate in collective actions to reduce flood risk among people with low

485  self-efficacy and control beliefs could be targeted by communicating low-barrier collective actions that do not involve a lot of
resources. These could equip individuals with the perception of being able to contribute sufficiently. Third, we linked the
higher perception of social norms for private flood protection among respondents with low self-efficacy beliefs and increased
feelings of helplessness with regard to future floods to their attempt to restore a sense of control through secondary control.
Perceptions of secondary control could presumably be enhanced through formats such as interviews in local newspapers, in

490  which residents share their protective strategies. Additionally, these formats could contribute to normalizing protective

behaviors.

Limitations

With our study being rather of an exploratory nature, several limitations should be considered when interpreting the results
and building upon them.

495  Only integrating flood experience in the simple regression models ignores other factors that might be related to norm and
responsibility perception as well as flood experience. By not accounting for potential confounders, we might be overestimating
the effect of FFE. Generally, the correlational nature of the analyses limits the ability to infer causal relationships.

Further, the group sizes among the moderators partially vary, with some groups being notably small. These small group sizes
could increase the sensitivity of the observed relationships to outliers, potentially skewing the distributions of norm perception

500  and responsibility attribution over flood experience.

In addition, the variable measuring participants' perceived ingroup identification was assessed at the city-level. However, this

scale might be too broad to accurately capture the sense of ingroup identification, as is conceptualized in the theories discussed.

Lastly, the statistical significance of the effect of the “third" flood event might be overestimated in some cases, as this group
also includes respondents who experienced more than three floods. However, the uncertainty around the measurement does

505 not undermine the observed upward or downward trends.
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Directions for future research

Future research should include replication studies to determine whether the observed dynamics also apply to other social
contexts. Moreover, due to the limited existing research, the interpretations of the increasing gaps between perceived norms
and the attribution of responsibility remained speculative. Given that both factors play a crucial role in protective behavior,
510  future studies should focus on the drivers behind this growing discrepancy. Linking other characteristics of the social setting,
such as collective efficacy and social cohesion to FFE could provide further insight into how changing hazard contexts affect
communities. Moreover, our understanding of the link between FFE and the social environment could be expanded by adding
other definitions of experience (e.g., vicarious experience, damage level). Since norm perception and responsibility attribution
likely depend on contextual factors related to respondents' residences, another avenue for future research could be to apply

515 multilevel analyses that incorporate meso- and macro-level characteristics.

7 Conclusion

With the current study, we want to contribute to the discussion around the development of perceived norms and responsibility
attribution in FRM. Here, we examine the role played by frequent flood experience. Against the backdrop of global climate
change causing more frequent flooding in many parts of the world, individual-level protective behavior being a fundamental

520 pillar in reducing flood risk, and social norms and responsibility attribution playing a pivotal role in motivating protective
behavior, it is vital to understand how these factors interrelate.

So far, there is only little knowledge on the sensitivity of responsibility attribution and norm perception to flood experience in
the scholarly literature. Therefore, we began by exploratively identifying respective patterns in the data and interpreted the
findings based on sociopsychological theories and concepts. From this we hypothesize that especially social learning and

525 maintaining a positive image of the self through the ingroup could play a role in the detected relationships. We additionally
observe a polarization in responsibility attribution to the community vs. to public authorities. Moderation analyses suggest that
the polarization is particularly pronounced for people with high self-efficacy beliefs regarding individual flood protection and
strong ingroup identification. For people with low self-efficacy beliefs and low expected controllability of future floods, a
polarization between an increase in perceived social norms versus a decrease in moral obligation to participate in collective

530 actions can be observed. From these results, we conclude that locus of control and group identification could have a polarizing
effect.

In summary, with the current study, we shed light on a potential sensitivity of norm perception and responsibility attribution
to frequent flood experience. Due to the exploratory nature of the study under the application of a single dataset, we strongly
encourage fellow researchers to replicate the current study to test whether the patterns found are also observable for other

535  social contexts. Furthermore, considering additional moderators in future studies may even enhance the understanding of the
observed relationships in the current study.

Acknowledgments: The data was collected in the context of the PIVO project, which was financially supported by the German
Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer Protection (FKZ 3718 48 101 0).
The authors would like to thank Sabrina Kéhler and Sebastian Bamberg for conceptualizing the survey and Daniela Siedschlag

540  and many studens assistants for conducting the survey.

Data and code availability: Data used for this study and codes for the analyses can be made available for scientific use upon

request to the author.

18



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

Author contributions: LK, TM, SH and CK conceptualized this study. LK and TM developed the model. LK performed the
formal analysis and prepared the results. The original draft was written by LK and reviewed and edited by TM, SH, and CK.
545 LK prepared the final manuscript for submission.

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

Financial support: This research has been supported by the Deutsche Forschungsgemeinschaft (grant no. GRK 2043, project
number 25103684) as well as by the Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer
Protection/German Environmental Office through the PIVO project (UBA, Forschungskennzahl 3718 48 101 0).

550 During the preparation of this work the authors used Writefull in order to improve the language. After using these
tools/services, the authors reviewed and edited the content as needed and takefull responsibility for the content of the
publication.

Appendix A.1: Standardized interaction coefficients for responsibility attribution

Responsibility | Flood Interaction
variable experience
Self-efficacy beliefs Group identification
Low vs. Low vs. Medium vs. | Low vs. Low vs. Medium vs.
medium high high medium high high
Personal 1 0.18 0.21 0.03 0.39 0.51*c 0.12
responsibility | , 0.1 0.11 0.21 0.05 -0.21 -0.26
3 0.06 -0.56*2 -0.62** B -0.68*2 -0.63*P 0.05
Collective 1 0.18 0.45*%f 0.27 0.17 0.3 0.13
responsibility [-0.12; 0.49] [0.07; 0.83] [-0.06;0.6] [-0.27;0.6] [-0.15;0.75] [0.13;0.4]
2 -0.43*¢ -0.53*¢ -0.09 0.19 0.04 -0.15
[-0.78; -0.09] [-0.97;0.09] [-0.47;0.28] | [-0.31;0.69] [-0.68;0.4] [-0.45;0.16]
3 0.28 -0.1 -0.38 -0.014 -0.18 -0.16 [
[-0.11;0.66] [-0.58; 0.38]  [-0.78;0.02] | [-0.56;0.53] [-0.73;0.37] 0.49;0.17]
City’s 1 0.012 0.08 0.07 0.41 0.39 -0.01
responsibility [-0.29;0.32] [-0.3;0.5] [-0.26;0.4] [0.027;0.84]  [-0.05; 0.83] [-0.28;0.25]
2 -0.14 -0.2 -0.05 -0.18 -0.26 -0.08
[-0.49;0.21] [-0.64;0.25] [-0.43;0.32] | [-0.68;0.32] [-0.77;0.25] [-0.39;0.22]
3 0.43*¢ 0.56*d 0.12 0.03 0.3 0.27
[0.05;0.82] [0.08;1.04] [-0.28;0.53] | [-0.5;0.56] [-0.24; 0.84] [-0.06;0.59]
State’s 1 0.14 -0.0001 -0.14 0.42 0.23 -0.19
responsibility [-0.17;0.44] [-0.38;0.38] [-0.47;0.2] [-0.01;0.86] [-0.21;0.68] [-0.45;0.08]
2 -0.23 -0.15 0.08 -0.43 -0.36 0.07
[-0.58;0.12] [-0.6;0.3] [-0.3;0.46] [-0.93;0.07] [-0.88;0.15] [-0.23;0.38]
3 0.11 0.32 0.21 0.35 0.46 0.11
[-0.28;0.49] [-0.17;0.8] [-0.2;0.62] [-0.19;0.88] [-0.09;1] [-0.22;0.44]

555  *: p<0.05. **: p<0.01; 95%-Cl in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC3)

Appendix A.2: Interaction coefficients and significance, single interactions, responsibility attribution, robust,

standardized

Flood
experience

Responsibility Interaction

variable

Self-efficacy beliefs Group identification
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Low vs. Low vs. high  Medium vs. Low vs. Low vs. Medium vs.
medium high medium high high
Personal 1 0.18 0.21 0.03 0.39 0.51* 0.12
responsibility [-0.09;0.45] [-0.17;0.58] [-0.32;0.38] [-0.07;0.84] [0.04;0.98] [-0.14;0.39]
2 -0.1 -0.11 0.21 0.05 -0.21 -0.26
[-0.42;0.22] [-0.34;0.55] [-0.19;0.61] [-0.42;0.53] [-0.71;0.29] [-0.57;0.05]
3 0.06 -0.56* -0.62** -0.68* -0.63* 0.05
[-0.31;0.43] [-1.06;-0.06]  [-1.06;-0.18] [-1.24;-0.11] [-1.21;-0.05]  [-0.29;0.38]
Collective 1 0.18 0.45* 0.27 0.17 0.3 0.13
responsibility [-0.12;0.48] [0.07;0.83] [-0.06;0.6] [-0.32;0.65] [-0.21;0.81] [-0.13;0.4]
2 -0.43* -0.53* -0.09 0.19 0.04 -0.15
[-0.8;-0.07] [-0.98;-0.08]  [-0.46;0.27] [-0.34;0.71] [-0.51;0.59] [-0.46;0.17]
3 0.28 -0.1 -0.38 -0.01 -0.18 -0.16
[-0.14,0.69] [-0.61;0.41] [-0.79;0.03] [-0.55;0.52] [-0.73;0.38] [-0.51,0.18]
City’s 1 0.012 0.08 0.07 0.41 0.39 -0.01
responsibility [-0.32;0.34] [-0.33;0.5] [-0.27;0.41] [-0.12;0.94] [-0.15;0.93] [-0.28;0.25]
2 -0.14 -0.2 -0.05 -0.18 -0.26 -0.08
[-0.52;0.23] [-0.67;0.28] [-0.45;0.34] [-0.77;0.41] [0.87;0.34] [-0.39;0.22]
3 0.43 (p=0.05) 0.56* 0.13 0.03 0.3 0.27
[-0.008;0.88]  [0.02;1.1] [-0.28;0.53] [-0.58,0.64] [-0.33;0.92] [-0.06; 0.6]
State’s 1 0.14 -0.0001 -0.14 0.42 0.23 -0.19
responsibility [-0.21;0.48] [-0.44;0.44] [-0.5;0.23] [-0.14;0.99] [-0.35;0.82] [-0.47;0.09]
2 -0.23 -0.15 0.08 -0.43 -0.36 0.07
[-0.6;0.13] [-0.62;0.32] [-0.31;0.48] [-0.99;0.12] [-0.94;0.22] [-0.24;0.38]
3 0.11 0.32 0.21 0.35 0.46 0.12
[-0.27;0.48] [-0.14;0.77] [-0.15;0.57] [-0.19;0.88] [-0.09;1] [-0.18;0.4]

560  *: p<0.05. **: p<0.01; 95%-CI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC3)

Appendix A.3: Interaction coefficients and significance, single interaction, norm perception, standardized

Norm Flood Interaction
variable experience
Self-efficacy beliefs Group identification
Low vs. Low vs. Medium vs. Low vs. Low vs. high  Medium vs.
medium high high medium high
Injunctive 1 0.02 0.05 0.03 [- | 0.43 0.44 0.007
norm [-0.29;0.33] [-0.33;0.43 0.31;0.36] [-0.01;0.88] [-0.01;0.9] [-0.27;0.28]
2 0.005 0.1 0.09 -0.53*2 -0.54*b -0.009
[-0.35;0.36] [-0.35;0.55] [-0.29;0.48] [-1.05;-0.02] [-1.07;-0.02] [-0.32;0.3]
3 0.003 -0.22 -0.22 -0.02 0.05 0.07
[-0.38,0.39] [-0.7;0.27] [-0.63;0.19] [-0.57;0.52] [-0.51;0.6] [-0.26;0.41]
Descriptive 1 0.05 0.17 0.12 [- | -0.004 -0.09 0.09
norm [-0.25;0.35] [-0.2;0.55] 0.2;0.45] [-0.46;0.44] [-0.37;0.55] [-0.18;0.37]
2 0.19 -0.06 -0.24 -0.07 -0.17 -0.1
[-0.16;0.53] [-0.49;0.38] [-0.61;0.13] [-0.59;0.44] [-0.7;0.36] [-0.41;0.21]
3 -0.41%b -0.5%2 -0.09 0.47 0.26 -0.21
[-0.79;-0.03] [-0.98;-0.02] [-0.49;0.31] [-0.08;1.02] [-0.31;0.82] [-0.55;0.12]
Personal 1 0.15 0.26 0.11 [- | -0.25 -0.13 0.12
norm [-0.14;0.45] [-0.1;0.63] 0.21;0.44] [-0.67;0.17] [-0.56;0.3] [-0.14;0.38]
2 -0.15 -0.37 -0.22 0.17 0.12 -0.06
[-0.49;0.18] [-0.8;0.05] [-0.59;0.15] [-0.32;0.66] [-0.39;0.62] [-0.35;0.24]
3 0.18 0.08 -0.09 -0.05 -0.004 0.04
[-0.2;0.56] [-0.39;0.56] [-0.49;0.31] [-0.57;0.48] [-0.54;0.53] [-0.29;0.37]
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*: p<0.05. **: p<0.01; 95%-ClI in square brackets; superscript letters refer to the effects in the graphs of the main

565  analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC3)
Norm Flood
variable experience
Helplessness
Low vs. Low vs. high Medium vs.
medium high
Injunctive 1 -0.003 0.09 0.09
norm [-0.29;0.28] [-0.28;0.45] [-0.26;0.45]
2 0.25 0.03 -0.22
[-0.08;0.58] [-0.37;0.43] [-0.6;0.16]
3 -0.39 -0.02 0.36
[-0.78;0.002] [-0.44;0.4] [-0.01;0.74]
Descriptive | 1 -0.13 0.26 0.4%a
norm [-0.41;0.16] [-0.1;0.62] [0.04;0.74]
2 -0.02 -0.1 -0.08
[-0.35;0.31] [-0.5;0.3] [-0.45;0.3]
3 -0.006 0.17 0.18
[-0.39;0.38] [-0.25;0.59] [-0.2;0.55]
Personal 1 0.02 0.45*> 0.43*¢
norm [-0.25;0.3] [0.1;0.8] [0.09;0.77]
2 -0.09 -0.41*d -0.32
[-0.41;0.23] [-0.79;-0.02]  [-0.68;0.05]
3 0.11 -0.02 -0.13
[-0.27;0.49] [-0.43;0.39] [-0.5;0.24]
*: p<0.05. **: p<0.01; 95%-CI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC3)
570  Appendix A.4: Interaction coefficients and significance, single interaction, norm perception, robust, standardized
Norm FFE Interaction
variable
Self-efficacy beliefs Group identification
Low vs. Low vs. high Medium vs. Low vs. medium Low vs. high Medium vs.
medium high high
Injunctive 1 0.02 0.05 [ 0.03 0.43 0.44 [- 0.007
norm [-0.32;0.37] 0.37;0.47] [-0.3;0.35] [-0.08; 0.95] 0.08;0.96] [-0.26;0.27]
2 0.005 [ o1 0.09 -0.53 -0.54 -0.009
0.38;0.39] [-0.38;0.58] [-0.27;0.46] (p=0.08) (p=0.08) [-0.3;0.28]
[-1.15;0.08] [-1.17;0.08]
3 0.003 [ -0.22 -0.22 -0.02 [ 005 [ 0.07
0.43;0.43] [-0.74; 0.3] [-0.62;0.18] 0.66,0.61] 0.59;0.0.69] [-0.25;0.4]
Descriptive 1 0.05 0.17 0.12 -0.004 0.09 0.09
norm [-0.27;0.37] [-0.23;0.57] [-0.22;0.46] [-0.55;0.54] [-0.47; 0.65] [-0.18; 0.36]
2 0.19 -0.06 -0.24 -0.07 -0.17 0.1
[-0.18;0.55] [-0.52;0.41] [-0.61;0.13] | [-0.66;0.52] [-0.78; 0.44] [-0.4;0.21]
3 -0.41* [ -05 (p=0.06) -0.09 0.47 [ 026 -0.21
0.82;-0.002] [1.02;0.02]  [-0.5,0.32] 0.07; 1.01] [-0.3;0.81] [0.54;0.11]
Personal 1 0.15 0.26 0.11 -0.25 -0.13 0.12
norm [-0.13;0.43] [-0.11;0.64] [-0.23;0.46] [-0.69; 0.19] [-0.59; 0.32] [-0.15;0.38]
2 -0.15 -0.37 -0.22 0.17 [ 012 -0.06
[-0.48;0.18] [-0.82;0.07] [-0.61;0.16] | 0.35;0.7] [-0.43;0.66] [-0.35;0.23]

21




https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025
(© Author(s) 2025. CC BY 4.0 License.

0.18
[-0.22;0.58]

0.08
[-0.43;0.6]

-0.1
[-0.52;0.33]

-0.05
[-0.63;0.54]

EGUsphere\

-0.004
[-0.61;0.6]

0.04
[-0.29;0.37]

*: p<0.05. **: p<0.01; 95%-CI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust

standard errors (HC3)

Norm Flood
variable experience
Helplessness
Low vs. Low vs. high Medium vs.
medium high
Injunctive 1 -0.003 0.09 0.09
norm [-0.29;0.29] [-0.3;0.48] [-0.27;0.45]
2 0.25 0.03 -0.22
[-0.07;0.57] [-0.4;0.47] [-0.61;0.18]
3 -0.39* -0.02 [- 036
[-0.75;-0.02] 0.46;0.41] [-0.03;0.76]
Descriptive 1 -0.13 0.26 0.39* [0.007;
norm [-0.41;0.16] [-0.15;0.67] 0.77]
2 -0.02 -0.1 -0.08
[-0.35;0.31] [-0.53;0.34] [-0.47;0.32]
3 -0.006 0.17 0.18
[-0.39;0.38] [-0.25;0.6] [-0.19;0.55]
Personal 1 0.02 [- 0.45* 0.43*
norm 0.25;0.28] [0.06;0.83] [0.06;0.8]
2 -0.09 -0.41* -0.32
[-0.4;0.22] [-0.81;-0.01]  [-0.7;0.06]
3 0.11 -0.02 -0.13
[-0.28;0.5] [-0.5;0.43] [-0.51;0.26]

*: p<0.05. **: p<0.01; 95%-ClI in square brackets; superscript letters refer to the effects in the graphs of the main

575
standard errors (HC3)

analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust

Appendix B.1: Interaction coefficients and significance, double interactions, responsibility attribution; 95%-ClI in

brackets, standardized

Responsibility FFE Interaction
variable
Self-efficacy beliefs Group identification
Low vs. Low vs. high Medium vs. | Low vs. Low vs. Medium vs.
medium high medium high high
Personal Coll. 2>3 |022 0.45 0.23 0.64 041 -0.23
resp. vs. resp. [-0.27,0.71]  [-0.16;1.07] [-0.29;0.74] | [-0.03;1.31] [-0.27;1.1] [-0.64;0.19]
City’s | 2>3 | 0.38 1.1%*E 0.73**A 0.65 0.87*8 0.22
resp. [-0.11;0.86]  [0.49;1.71] [0.22;1.24] [-0.01;1.32]  [0.2;1.55] [-0.19;0.63]
State’s | 2> 3 | 0.05 0.87**P 0.82**B 0.95**C 1.01%*A 0.07
resp. [-0.44,0.54]  [0.25;1.48] [0.3;1.33] [0.27;1.62] [0.33;1.7] [-0.35;0.48]
Collective resp. | City’s | 2> 3 | 0.15 0.65*f 0.5 0.02 0.46 0.45%d
Vs, resp. [-0.34,0.64]  [0.04;1.26] [-0.01;1] [-0.65;0.69] [-0.22;1.15]  [0.03;0.86]
State’s | 2> 3 | -0.18 0.41 0.59*¢ 0.31 0.6 0.29
resp. [-0.66;0.31] [-0.2;1.02] [0.08;1.1] [-0.37;0.98] [-0.09;1.29] [-0.12;0.71]
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2>3|-033 -0.24 0.09 0.29 0.14 -0.15

[-0.81;0.16] [-0.84;0.37] [-0.42;0.6] | [-0.38;0.96] [-0.54;0.82] [-0.57;0.26]

State’s
resp.

City’s
resp.

580  *:p<0.05. **: p<0.01; 95%-Cl in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)

Appendix B.2: Interaction coefficients and significance, double interactions, responsibility attribution; 95%-ClI in
585  brackets, robust, standardized

Responsibility FFE Interaction
variable
Self-efficacy beliefs Group identification
Low vs. Low vs. Medium vs. | Low vs. Low vs. Medium vs.
medium high high medium high high
Personal Coll. 2>3 |022 0.45 0.23 0.64 0.41 -0.23
resp. vs. resp. [-0.2;0.65] [-0.09;1] [-0.21;0.67] | [-0.001;1.28] [-0.23;1.06] [-0.55;0.1]
City’s | 2>3 | 0.38 1.1%* 0.73* 0.65 0.87* 0.22
resp. [-0.2;0.95] [0.36,1.84] [0.13;1.33] [-0.17;1.48] [0.04;1.71] [-0.24,0.68]
State’s | 2> 3 | 0.05 0.87* 0.82** 0.95* 1.01* 0.07
resp. [-0.47;0.57]  [0.17;1.56] [0.22;1.42] [0.17;1.71] [0.23;1.79] [-0.39;0.52]
Collective resp. | City’s | 2> 3 | 0.15 0.65 0.5 0.02 0.46 0.45
Vs, resp. [-0.43;0.73]  (p=0.08) [-0.07;1.07] | [-0.74;0.77] [-0.31;1.23] [-0.003;0.89]
[-0.07;1.37]
State’s | 2> 3 | -0.18 0.41 0.59* 0.31 0.6 0.29
resp. [-0.7;0.35] [-0.26;1.09]  [0.03;1.15] [-0.42;1.03] [-0.14;1.34] [-0.15;0.74]
City’s State’s | 2> 3 | -0.33 -0.24 0.09 0.29 0.14 -0.15
resp. resp. [-0.71;0.06] [-0.69;0.22] [-0.26;0.44] | [-0.19;0.77] [-0.34;0.62] [-0.45;0.14]

*: p<0.05. **: p<0.01; 95%-Cl in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)

590  Appendix B.3: Interaction coefficients and significance, double interaction, norm perception; 95%-Cl in brackets,

standardized

Norm FFE Interaction
variable
Self-efficacy beliefs Group identification
Low vs. Low vs. Medium vs. | Low vs. Low vs. Medium vs.
medium high high medium high high
Inductive Descriptive | 2> 3 | -04 -0.26 0.14 0.47 0.19 -0.28
norm vs. norm [-0.89;0.08] [-0.87;0.34] [-0.37;0.65] | [-0.2;1.14] [-0.49;0.87] [-0.69;0.12]
1>2 0.44 0.35 -0.09
[-0.19;1.06] [-0.29;0.99]  [-0.46;0.29]
Personal 2>3 | 018 0.31 0.13 -0.03 -0.1 -0.07
norm [-0.2;1.66] [-0.26;0.92] [-0.38;0.64] | [-0.69;0.62] [-0.77;,0.57]  [-0.47;0.34]
1>2 0.73*b 0.69*2 -0.04
[0.12;1.35] [0.05;1.32] [-0.42;0.33]
Descriptive | Personal 2->3 | 0.58* 0.57 -0.01 -0.51 -0.29 0.22
norm norm [0.1;1.07] [-0.04;1.18] [-0.52;0.5] [-1.17;0.16] [-0.96;0.39]  [-0.19;1.62]
1>2 0.3 0.34 0.04
[-0.32;0.92] [-0.3;0.98] [-0.32;0.42]
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*: p<0.05. **: p<0.01; 95%-ClI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)

Norm FFE Interaction
variable
Helplessness
Low vs. medium Low vs. high Medium vs. high
Injunctive | Descriptive | 2->3 | 0.39 [-0.08;0.87] 0.19 [-0.32;0.71] -0.2 [-0.66;0.26]
norm vs. norm
Personal 2> 3 | 0.49*°[0.01;0.96] -0.02 [-0.53;0.49] -0.51*3[-0.97;-0.05]
norm
Descriptive | Personal 2->3 | 0.09[-0.38;0.56] -0.21[-0.73;0.3] -0.31[-0.77;0.15]
norm norm
595  *:p<0.05. **: p<0.01; 95%-CI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)
Appendix B.4: Interaction coefficients and significance, double interaction, norm perception; 95%-ClI in brackets,
600  robust, standardized
Norm FFE Interaction
variable
Self-efficacy beliefs Group identification
Low vs. Low vs. Medium vs. | Low vs. Low vs. Medium vs.
medium high high medium high high
Inductive Descriptive | 2> 3 | -0.4 -0.26 0.14 0.47 0.19 -0.28
norm vs. norm [-0.82;0.01] [-0.78:0.26] [-0.3;056] | [-0.2;1.14]  [-0.49;0.86] [-0.62;0.05]
1>2 0.44 0.35 -0.09
[-0.17;1.05]  [-0.27;0.97]  [-0.4;0.22]
Personal 2->3 | 018 0.31 0.13 -0.03 -0.1 -0.07
norm [-0.34;0.71] [-0.38:1] [-0.46;0.72] | [-0.86:0.79]  [-0.94;0.74] [-0.5;0.37]
1> 2 0.73 0.69 -0.04
(p=0.08) (p=0.099) [-0.42;0.33]
[-0.08;1.55]  [-0.13;1.51]
Descriptive | Personal 2->3 | 0.58* 0.57 -0.011 -0.51 -0.29 0.22
norm norm [0.06;1.11] [-0.12;1.27]  [-0.6;0.57] [-1.3;0.29] [-1.1;0.53] [-0.22;0.66]
1>2 0.3 0.34 0.04
[-0.46;1.05] [-0.44;1.11] [-0.33;0.42]

*: p<0.05. **: p<0.01; 95%-ClI in square brackets; superscript letters refer to the effects in the graphs of the main
analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)

Norm FFE Interaction
variable

Helplessness

Low vs. medium Low vs. high Medium vs. high
Inductive Descriptive | 2> 3 | 0.39* [0.01;0.78] 0.19 [-0.27;0.65] -0.2 [-0.62;0.21]
norm vs. norm
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Personal 2>3 | 049 -0.02 [-0.64;0.59] -0.51
norm (p=0.07) (p=0.06)
[-0.05;1.02] [-1.04,0.02]
Descriptive | Personal 2->3 | 0.09[-0.44;0.62] -0.21[-0.8;0.37] -0.31 [-0.8;0.19]
norm vs. norm

*: p<0.05. **: p<0.01; 95%-ClI in square brackets; superscript letters refer to the effects in the graphs of the main
605 analyses; bold p-values are p-values of coefficients that are not significant when applying heteroskedasticity-robust
standard errors (HC1)

610 References

Adger, W. N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, I., Nelson, D. R., Naess, L. O., Wolf, J., and
Wreford, A.: Are there social limits to adaptation to climate change?, Clim. Change, 93, 335-354,
https://doi.org/10.1007/s10584-008-9520-z, 2009.

Bamberg, S., Masson, T., Brewitt, K., and Nemetschek, N.: Threat, coping and flood prevention — A meta-analysis,
615  J. Environ. Psychol., 54, 116-126, https://doi.org/10.1016/j.jenvp.2017.08.001, 2017.

Bandura, A.: Aggression: a social learning analysis, edited by: Bandura, A., Prentice-Hall, New Jersey, 1973.
Bandura, A.: Self-efficacy: The exercise of control, W. H. Freeman and Company, New York, 1997.

Becker, J. S., Taylor, H. L., Doody, B. J., Wright, K. C., Gruntfest, E., and Webber, D.: A review of people’s
behavior in and around floodwater, Weather. Clim. Soc., 7, 321-332, https://doi.org/10.1175/WCAS-D-14-
620  00030.1, 2015.

Begg, C., Ueberham, M., Masson, T., and Kuhlicke, C.: Interactions between citizen responsibilization, flood
experience and household resilience: insights from the 2013 flood in Germany, Int. J. Water Resour. Dev., 33, 591
608, https://doi.org/10.1080/07900627.2016.1200961, 2017.

Bichard, E. and Kazmierczak, A.: Are homeowners willing to adapt to and mitigate the effects of climate change?,
625  Clim. Change, 112, 633-654, https://doi.org/10.1007/s10584-011-0257-8, 2012.

BMUV: Sofortprogramm Klimaanpassung Forderung und Kompetenzaufbau-Beratung vor Ort-bessere
Vernetzung, 2022.

Botzen, W. J. W., Aerts, J. C. J. H., and Van Den Bergh, J. C. J. M.: Dependence of flood risk perceptions on
socioeconomic and objective risk factors, Water Resour. Res., 45, 1-15, https://doi.org/10.1029/2009WR007743,
630  2009a.

Botzen, W. J. W, Aerts, J. C. J. H., and van den Bergh, J. C. J. M.: Willingness of homeowners to mitigate climate
risk through insurance, Ecol. Econ., 68, 2265-2277, https://doi.org/10.1016/j.ecolecon.2009.02.019, 2009b.

25



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

Botzen, W. J. W., Kunreuther, H., and Michel-Kerjan, E.: Divergence between individual perceptions and objective
indicators of tail risks: Evidence from floodplain residents in New York City, Judgm. Decis. Mak., 10, 365-385,
635  https://doi.org/10.1017/s1930297500005179, 2015.

Botzen, W. J. W., Mol, J. M., Robinson, P. J., and Czajkowski, J.: Drivers of natural disaster risk-reduction actions
and their temporal dynamics: Insights from surveys during an imminent hurricane threat and its aftermath, Risk
Anal., 2448-2462, https://doi.org/10.1111/risa.14314, 2024.

Bouwer, L. M.: Projections of Future Extreme Weather Losses Under Changes in Climate and Exposure, Risk
640  Anal., 33, 915-930, https://doi.org/10.1111/j.1539-6924.2012.01880.x, 2013.

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

Bubeck, P., Berghduser, L., Hudson, P., and Thieken, A. H.: Using Panel Data to Understand the Dynamics of
645 Human Behavior in Response to Flooding, Risk Anal., 40, 23402359, https://doi.org/10.1111/risa.13548, 2020.

Cologna, V., Bark, R. H., and Paavola, J.: Flood risk perceptions and the UK media: Moving beyond “once in a
lifetime” to “Be Prepared” reporting, Clim. Risk Manag., 17, 1-10, https://doi.org/10.1016/j.crm.2017.04.005,
2017.

Dillenardt, L., Hudson, P., and Thieken, A. H.: Urban pluvial flood adaptation: Results of a household survey
650 across four German municipalities, Journal of Flood Risk Management., 15(3), 1-15,
https://doi.org/10.1111/jfr3.12748, 2022.

DKKYV: Das Hochwasser im Juni 2013. Bewahrungsprobe fiir das Hochwasserrisikomanagement in Deutschland.
DKKV-Schriftenreihe 53, 2015.

Dow, K., Berkhout, F., Preston, B. L., Klein, R. J. T., Midgley, G., and Shaw, M. R.: Limits to adaptation, Nat.
655  Clim. Chang., 3, 305-307, https://doi.org/10.1038/nclimate1847, 2013.

Duijndam, S. J., Botzen, W. J. W., Endendijk, T., de Moel, H., Slager, K., and Aerts, J. C. J. H.: A look into our
future under climate change? Adaptation and migration intentions following extreme flooding in the Netherlands,
Int. J. Disaster Risk Reduct., 95, 103840, https://doi.org/10.1016/j.ijdrr.2023.103840, 2023.

Fischer, L. and Wiswede, G.: Grundlagen der Sozialpsychologie, 3rd ed., Oldenbourg Wissenschaftsverlag, 537—
660 546 pp., 2009.

Fischer, P., Asal, K., and Krueger, J. |.: Sozialpsychologie fiir Bachelor: Lesen, Horen, Lernen im Web, Springer-
Verlag, 2013.

Franceschinis, C., Thiene, M., Di Baldassarre, G., Mondino, E., Scolobig, A., and Borga, M.: Heterogeneity in
flood risk awareness: A longitudinal, latent class model approach, J. Hydrol., 599, 126255,
665  https://doi.org/10.1016/j.jhydrol.2021.126255, 2021.

26



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

Frey, D.: Die Theorie der kognitiven Dissonanz, in: Theorien der Sozialpsychologie, edited by: Frey, D. and Irle,
M., Hans Huber, Bern, 243-292, 1984.

Frey, D.: Kognitive Theorien, in: Sozialpsychologie, edited by: Frey, D. and Greif, S., Psychologie Velrags Union,
Weinheim, 50-67, 1997.

670  Fritsche, I.: Agency Through the We: Group-Based Control Theory, Curr. Dir. Psychol. Sci., 31, 194-201,
https://doi.org/10.1177/09637214211068838, 2022.

Fritsche, 1., Jonas, E., Ablasser, C., Beyer, M., Kuban, J., Manger, A. M., and Schultz, M.: The power of we:
Evidence for group-based control, J. Exp. Soc. Psychol., 49, 19-32, https://doi.org/10.1016/j.jesp.2012.07.014,
2013.

675  GDV: Datenservice zum Naturgefahrenreport 2024, 2024.
Geofabrik: Sachsen. https://download.geofabrik.de/europe/germany/sachsen.html, 2024

GeoSN - Landesamt fiir Geobasisinformation Sachsen. Downloadbereich Ortsteile.
https://www.geodaten.sachsen.de/downloadbereich-ortsteile-4346.html, 2024

Gosling, P., Denizeau, M., and Oberlé, D.: Denial of responsibility: A new mode of dissonance reduction, J. Pers.
680  Soc. Psychol., 90, 722-733, https://doi.org/10.1037/0022-3514.90.5.722, 2006.

Griffin, R. J., Dunwoody, S., and Neuwirth, K.: Proposed model of the relationship of risk information seeking and
processing to the development of preventive behaviors, Environ. Res, 80, 230-245,
https://doi.org/10.1006/enrs.1998.3940, 1999.

Grothmann, T. and Reusswig, F.: People at risk of flooding: Why some residents take precautionary action while
685  others do not, Nat. Hazards, 38, 101-120, https://doi.org/10.1007/s11069-005-8604-6, 2006.

Heidenreich, A., Masson, T., and Bamberg, S.: Let’s talk about flood risk — Evaluating a series of workshops on
private flood protection, Int. J. Disaster Risk Reduct., 50, 101880, https://doi.org/10.1016/j.ijdrr.2020.101880,
2020.

Henderson, F., Bennett, B., Dohain-Lesueur, R., and Helwig, K.: ‘It’s not really their problem’: Reactive
690 institutional community engagement and flood policy implementation, Int. J. Disaster Risk Reduct., 116,
https://doi.org/10.1016/j.ijdrr.2024.105096, 2025.

Hogg, M. A. and Reid, S. A.: Social identity, self-categorization, and the communication of group norms, Commun.
Theory, 16, 7-30, https://doi.org/10.1111/j.1468-2885.2006.00003.x, 2006.

IPCC: Climate Change 2023: Synthesis Report, Contribution of Working Group I, I and 111 to the Sixth Assessment
695  Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)].,
Geneva, Switzerland, 184 pp., https://doi.org/10.59327/IPCC/AR6-9789291691647, 2023.

Johnson, C. L. and Priest, S. J.: Flood risk management in England: A changing landscape of risk responsibility?,
Int. J. Water Resour. Dev., 24, 513-525, https://doi.org/10.1080/07900620801923146, 2008.

27



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

Jonas, E., Schultz-Hardt, S., Fischer, P., and Frey, D.: Biased Information Seeking After Decisions: Cognitive and
700  Motivational Bases, in: Knowledge and Action, Hogrefe & Huber Publishers, 23-51, 2006.

Kahlor, L. A.: PRISM: A Planned Risk Information Seeking Model, Health Commun., 25, 345-356,
https://doi.org/10.1080/10410231003775172, 2010.

Kasperson, R. E., Renn, O., Slovic, P., Brown, H. S., Emel, J., Goble, R., Kasperson, J. X., and Ratick, S.: The
Social Amplification of Risk: A Conceptual Framework, Risk Anal., 8, 177-187, https://doi.org/10.1111/j.1539-
705  6924.1988.th01168.x, 1988.

Kohler, L. and Han, S.: The driving effect of experience: How perceived frequency of floods and feeling of loss of
control are linked to household-level adaptation, Int. J. Disaster Risk Reduct, 112, 104745,
https://doi.org/10.1016/j.ijdrr.2024.104745, 2024.

Kohler, L., Masson, T., Kéhler, S., and Kuhlicke, C.: Better prepared but less resilient : the paradoxical impact of
710  frequent flood experience on adaptive behavior and resilience, Nat. Hazards Earth Syst. Sci., 23, 2787-2806,
https://doi.org/https://doi.org/10.5194/nhess-23-2787-2023, 2023.

Kreienkamp, F., Philip, S. Y., Tradowsky, J. S., Kew, S. F., Lorenz, P., Arrighi, J., Belleflamme, A., Bettmann, T.,
Caluwaerts, S., Chan, S. C., Ciavarella, A., De Cruz, L., de Vries, H., Demuth, N., Ferrone, A., Fischer, E. M.,
Fowler, H. J., Goergen, K., Heinrich, D., Henrichs, Y., Lenderink, G., Kaspar, F., Nilson, E., and L Otto, F. E.:

715  Rapid attribution of heavy rainfall events leading to the severe flooding in Western Europe during July 2021, R.
Netherlands Meteorol. Inst., 13, 1-51, 2021.

Kuang, D. and Liao, K.: Learning from Floods : Linking flood experience and flood resilience, J. Environ. Manage.,
271, 111025, https://doi.org/10.1016/j.jenvman.2020.111025, 2020.

Kuang, D. and Liao, K. H.: How does flood resistance affect learning from flood experiences? A study of two
720  communities in Central China, Clim. Change, 173, 1-21, https://doi.org/10.1007/s10584-022-03401-3, 2022.

Kuhlicke, C., Masson, T., Kienzler, S., Sieg, T., Thieken, A. H., and Kreibich, H.: Multiple flood experiences and
social resilience: findings from three surveys on households and companies exposed to the 2013 flood in germany,
Weather. Clim. Soc., 12, 63-88, https://doi.org/10.1175/WCAS-D-18-0069.1, 2020a.

Kuhlicke, C., Seebauer, S., Hudson, P., Begg, C., Bubeck, P., Dittmer, C., Grothmann, T., Heidenreich, A.,

725 Kreibich, H., Lorenz, D. F., Masson, T., Reiter, J., Thaler, T., Thieken, A. H., and Bamberg, S.: The behavioral
turn in flood risk management, its assumptions and potential implications, WIREs Water, 7, 1-22,
https://doi.org/10.1002/wat2.1418, 2020b.

Kurata, Y. B., Prasetyo, Y. T., Ong, A. K. S., Nadlifatin, R., and Chuenyindee, T.: Factors affecting perceived
effectiveness of Typhoon Vamco (Ulysses) flood disaster response among Filipinos in Luzon, Philippines: An

730 integration of protection motivation theory and extended theory of planned behavior, Int. J. Disaster Risk Reduct.,
67, https://doi.org/10.1016/j.ijdrr.2021.102670, 2022.

28



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

Lawrence, J., Quade, D., and Becker, J.: Integrating the effect of flood experience on risk perception with responses
to changing climate risk, Nat. Hazards, 74, 1773-1794, https://doi.org/10.1177/0146167292181006, 2014.

Lazrus, H., Morss, R. E., Demuth, J. L., Lazo, J. K., and Bostrom, A.: “Know What to Do If You Encounter a Flash
735  Flood”: Mental Models Analysis for Improving Flash Flood Risk Communication and Public Decision Making,
Risk Anal., 36, 411-427, https://doi.org/10.1111/risa.12480, 2016.

van der Linden, S., Maibach, E., and Leiserowitz, A.: Improving Public Engagement With Climate Change: Five
“Best Practice” Insights From Psychological Science, Perspect. Psychol. Sci., 10, 758-763,
https://doi.org/10.1177/1745691615598516, 2015.

740 Lo, A.Y.: The role of social norms in climate adaptation: Mediating risk perception and flood insurance purchase,
Glob. Environ. Chang., 23, 1249-1257, https://doi.org/10.1016/j.gloenvcha.2013.07.019, 2013.

LTV: Hochwasserrisikomanagement: Gefahren- und Risikokarten, 2022.

LUIS-Landwirtschaft- und Umweltinformationssystem fiir Geodaten. Gewéssernetz (FlieBgewésser und

Standgewasser): https://luis.sachsen.de/wasser/gewaessernetz.html?_cp=%7B%?22accordion-content-
745  9615%22%3A%7B%220%22%3Atrue%7D%2C%22previousOpen%22%3A%7B%22group%22%3A%22accord

ion-content-9615%22%2C%22idx%22%3A0%7D%7D, 2024.

Mackie, G., Moneti, F., Denny, E., and Shakya, H.: What are Social Norms? How are they Measured?, UNICEF /
UCSD Cent. Glob. Justice Proj. Coop. Agreem., 1-100, 2014.

Masson, T. and Fritsche, I.: Adherence to climate change-related ingroup norms : Do dimensions of group identifi
750  cation matter ?, Eur. J. Soc. Psychol., 44, 455-465, 2014.

Masson, T., Jugert, P., and Fritsche, I.: Collective self-fulfilling prophecies: group identification biases perceptions
of  environmental group norms among high identifiers, Soc. Influ, 11, 185-198,
https://doi.org/10.1080/15534510.2016.1216890, 2016.

Mclvor, D. and Paton, D.: Preparing for natural hazards: Normative and attitudinal influences, Disaster Prev.
755  Manag. An Int. J., 16, 79-88, https://doi.org/10.1108/09653560710729839, 2007.

Merz, B., Bléschl, G., Vorogushyn, S., Dottori, F., Aerts, J. C. J. H., Bates, P., Bertola, M., Kemter, M., Kreibich,
H., Lall, U., and Macdonald, E.: Causes, impacts and patterns of disastrous river floods, Nat. Rev. Earth Environ.,
2, 592-609, https://doi.org/10.1038/s43017-021-00195-3, 2021.

Mondino, E., Scolobig, A., Borga, M., Albrecht, F., Mard, J., Weyrich, P., Di, G., and Albrecht, F.: Exploring
760  changes in hydrogeological risk awareness and preparedness over time : a case study in northeastern Italy, Hydrol.

Sci. J., 65, 1049-1059, https://doi.org/10.1080/02626667.2020.1729361, 2020.

Norris, F. H., Smith, T., and Kaniasty, K.: Revisiting the experience-behavior hypothesis: The effects of Hurricane
Hugo on hazard preparedness and other self-protective acts, Basic Appl. Soc. Psych., 21, 37-47,
https://doi.org/10.1207/15324839951036542, 1999.

29



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

765  Ntontis, E., Drury, J., Aml6t, R., Rubin, G. J., and Williams, R.: Emergent social identities in a flood: Implications
for community psychosocial resilience, J.  Community Appl. Soc. Psychol, 28, 3-14,
https://doi.org/10.1002/casp.2329, 2018.

Ommer, J., Blackburn, S., Kalas, M., Neumann, J., and Cloke, H. L.: Risk social contracts: Exploring
responsibilities through the lens of citizens affected by flooding in Germany in 2021, Prog. Disaster Sci., 21,
770 100315, https://doi.org/10.1016/j.pdisas.2024.100315, 2024.

Osberghaus, D.: The effect of flood experience on household mitigation—Evidence from longitudinal and
insurance data, Glob. Environ. Chang., 43, 126-136, https://doi.org/10.1016/j.gloenvcha.2017.02.003, 2017.

Rauter, M., Kaufmann, M., Thaler, T., and Fuchs, S.: Flood risk management in Austria: Analysing the shift in
responsibility-sharing between public and private actors from a public stakeholder’s perspective, Land use policy,
775 99, 105017, https://doi.org/10.1016/j.landusepol.2020.105017, 2020.

Reynaud, A. and Aubert, C.: Does flood experience modify risk preferences? Evidence from an artefactual field
experiment in Vietnam, GENEVA Risk Insur. Rev., 45, 3674, https://doi.org/10.1057/s10713-019-00044-w,
2020.

Robert B. Cialdini, Raymond R. Reno, and Carl A. Kallgren: A Focus Theory of Normative Conduct: Recycling
780  the Concept of Norms to Reduce Littering in Public Places, J. Pers. Soc. Psychol., 58, 1015-1026, 1990.

Rothbaum, F., Weisz, J. R., and Snyder, S. S.: Changing the world and changing the self: A two-process model of
perceived control, J. Pers. Soc. Psychol., 42, 5-37, https://doi.org/10.1037/0022-3514.42.1.5, 1982.

Schrieks, T., Botzen, W. J. W., Haer, T., Wasonga, O. V., and Aerts, J. C. J. H.: Assessing key behavioural theories
of drought risk adaptation: Evidence from rural Kenya, Risk Anal., 44, 1681-1699,
785  https://doi.org/10.1111/risa.14266, 2024.

Schwartz, S. H.. Normative influences on altruism, Adv. Exp. Soc. Psychol., 10, 221-279,
https://doi.org/10.1016/S0065-2601(08)60358-5, 1977.

Seebauer, S. and Babcicky, P.: The Sources of Belief in Personal Capability: Antecedents of Self-Efficacy in
Private Adaptation to Flood Risk, Risk Anal., 40, 1967-1982, https://doi.org/10.1111/risa.13531, 2020.

790  Sherif, M.: A study of some social factors in perception., 1935.

Siedschlag, D., Kuhlicke, C., Kéhler, S., Masson, T., Bamberg, S., Olfert, A., Hutter, G., Osberghaus, D., and

Barth, M.: Risikokommunikation zur Starkung privater Eigenvorsorge, 2023.

Siegrist, M. and Gutscher, H.: Natural hazards and motivation for mitigation behavior: People cannot predict the
aaffect evoked by a severe flood, Risk Anal., 28, 771-778, https://doi.org/10.1111/j.1539-6924.2008.01049.x,
795  2008.

30



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

Slotter, R., Trainor, J., Davidson, R., Kruse, J., and Nozick, L.: Homeowner mitigation decision-making: Exploring
the theory of planned behaviour approach, J. Flood Risk Manag., 13, 1-15, https://doi.org/10.1111/jfr3.12667,
2020.

Snel, K. A. W., Priest, S. J., Hartmann, T., Witte, P. A., and Geertman, S. C. M.: ‘Do the resilient things.” Residents’
800  perspectives on responsibilities for flood risk adaptation in England, J. Flood Risk Manag., 14, 1-14,
https://doi.org/10.1111/jfr3.12727, 2021.

Soane, E., Schubert, I., Challenor, P., Lunn, R., Narendran, S., and pollard, S.: Flood perception and mitigation:
The role of severity, agency, and experience in the purchase of flood protection, and the communication of flood
information, Environ. Plan. A, 42, 3023-3038, https://doi.org/10.1068/a43238, 2010.

805  Steinhausen, M., Paprotny, D., Dottori, F., Sairam, N., Mentaschi, L., Alfieri, L., Lidtke, S., Kreibich, H., and
Schréter, K.: Drivers of future fluvial flood risk change for residential buildings in Europe, Glob. Environ. Chang.,
76, https://doi.org/10.1016/j.gloenvcha.2022.102559, 2022.

Stollberg, J., Fritsche, 1., and Bécker, A.: Striving for group agency: threat to personal control increases the
attractiveness of agentic groups, Front. Psychol., 6, 1-13, https://doi.org/10.3389/fpsyg.2015.00649, 2015.

810  Stollberg, J., Fritsche, 1., and Jonas, E.: The groupy shift: Conformity to liberal in-group norms as a group-based
response to threatened personal control, Soc. Cogn., 35, 374-394, https://doi.org/10.1521/s0c0.2017.35.4.374,
2017.

Tajfel, H. and Turner, J. C.: An integrative theory of inter-group conflict, in: The social psychology of inter-group
relations, edited by: Austin, W. G. and Worchel, S., Brooks/Cole, Monterey, CA, 33-47, 1979.

815  Tajfel, H. and Turner, J. C.: The Social Identity Theory of Intergroup Behavior, in: Psychology of intergroup
relations, edited by: Worchel, S. and Austing, W. G. Nelson-Hal, Chicago, 7-24,
https://doi.org/10.4324/9780203505984-16, 1986.

Tankard, M. E. and Paluck, E. L.: Norm Perception as a Vehicle for Social Change, Soc. Issues Policy Rev., 10,
181-211, https://doi.org/10.1111/sipr.12022, 2016.

820  Terpstra, T. and Gutteling, J. M.: Households’ perceived responsibilities in flood risk management in the
Netherlands, Int. J. Water Resour. Dev., 24, 555-565, https://doi.org/10.1080/07900620801923385, 2008.

Thaler, T. and Seebauer, S.: Bottom-up citizen initiatives in natural hazard management: Why they appear and

what they can do?, Environ. Sci. Policy, 94, 101-111, https://doi.org/10.1016/j.envsci.2018.12.012, 2019.

Thieken, A. H., Zenker, M., and Bubeck, P.: Flood-related fatalities in July 2021 in North Rhine-Westphalia,
825  Germany: what can be learnt for future flood risk management?, J. Coast. Riverine Flood RiskFlood Risk, 2, 1-19,
2023.

Thistlethwaite, J., Henstra, D., Brown, C., and Scott, D.: How Flood Experience and Risk Perception Influences
Protective Actions and Behaviours among Canadian Homeowners, Environ. Manage., 61, 197-208,
https://doi.org/10.1007/s00267-017-0969-2, 2018.

31



https://doi.org/10.5194/egusphere-2025-1362
Preprint. Discussion started: 5 May 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

830  Tradowsky, J. S., Philip, S. Y., Kreienkamp, F., Kew, S. F., Lorenz, P., Arrighi, J., Bettmann, T., Caluwaerts, S.,
Chan, S. C., De Cruz, L., de Vries, H., Demuth, N., Ferrone, A., Fischer, E. M., Fowler, H. J., Goergen, K.,
Heinrich, D., Henrichs, Y., Kaspar, F., Lenderink, G., Nilson, E., Otto, F. E. L., Ragone, F., Seneviratne, S. I.,
Singh, R. K., Skalevag, A., Termonia, P., Thalheimer, L., van Aalst, M., Van den Bergh, J., Van de Vyver, H.,
Vannitsem, S., van Oldenborgh, G. J., Van Schaeybroeck, B., Vautard, R., Vonk, D., and Wanders, N.: Attribution

835  of the heavy rainfall events leading to severe flooding in Western Europe during July 2021, Clim. Change, 176,
https://doi.org/10.1007/s10584-023-03502-7, 2023.

Ueberham, M., Kabisch, S., and Kuhlicke, C.: Resilienz, Risikokommunikation und Verantwortung in der

Hochwasservorsorge — Zum Verhdltnis zwi- schen 6ffentlichem Schutz und privater Eigenvorsorge in

Uberschwemmungsgefahrdeten ~ Gebieten,  Hydrol.  und  Wasserbewirtschaftung, 58,  221-240,
840  https://doi.org/10.5675/HyWa, 2014.

UNISDR: Sendai Framework for Disaster Risk Reduction 2015-2030, Geneva, Switzerland, 169-173 pp., 2015.

van Valkengoed, A. M. and Steg, L.: Meta-analyses of factors motivating climate change adaptation behaviour,
Nat. Clim. Chang., 9, 158-163, https://doi.org/10.1038/s41558-018-0371-y, 2019.

Vinnell, L. J., Milfont, T. L., and McClure, J.: Do Social Norms Affect Support for Earthquake-Strengthening
845  Legislation? Comparing the Effects of Descriptive and Injunctive Norms, Environ. Behav., 51, 376-400,
https://doi.org/10.1177/0013916517752435, 2019.

de Wolf, L. A., Robinson, P. J., Botzen, W. J. W., Haer, T., Mol, J. M., and Czajkowski, J.: Factors of influence
on flood risk perceptions related to Hurricane Dorian: an assessment of heuristics, time dynamics and accuracy of
risk perceptions, 1303-1318, 2023.

850  Wood, M. M., Mileti, D. S., Kano, M., Kelley, M. M., Regan, R., and Bourque, L. B.: Communicating Actionable
Risk for Terrorism and Other Hazards, Risk Anal.,, 32, 601-615, https://doi.org/10.1111/j.1539-
6924.2011.01645.x, 2012.

Zhang, T., Wang, D., and Lu, Y.: Machine learning-enabled regional multi-hazards risk assessment considering
social vulnerability, Sci. Rep., 13, 1-14, https://doi.org/10.1038/s41598-023-40159-9, 2023.

855

32



