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A B S T R A C T   

Hydro-meteorological hazards annually lead to considerable economic losses worldwide. Property level flood 
risk adaptation (PLFRA) measures have shown to decrease potential damages by floods and other hazards. 
However, such measures are often implemented inadequately, frequently because of lacking communication 
between public administration and homeowners. Thus, risk communication systems have been created by 
multiple actors, ranging from the government to private companies and insurance groups, which have the goal to 
communicate risks to homeowners and businesses in a tailored manner. Consequently, adaptive behaviour can be 
triggered by risk communication. This paper conducted a cross-comparison of several risk communication sys
tems which encompassed an output in the shape of a label or guideline, based on semi-structured interviews with 
relevant experts. One system, the German Hochwasserpass, was focused on in more detail. The results show that 
risk communication systems should include participatory approaches with experts to trigger adaptive behaviour. 
However, even in an example including mutual knowledge transfer a gap between knowledge about mitigation 
measures and actually implementing them was present. Thus, this implies going a step beyond, which ultimately 
questions the resource efficiency of such risk communication systems on a larger scale.   

1. Introduction 

Communities affected by flood hazard events are characterised by 
complex interactions between human and water systems [1,2]. Risk 
communication is a way of transmitting complex information to people 
affected by flood hazards often with the aim to motivate adaptive 
behaviour in the form of property level flood risk adaptation (PLFRA) 
measures [3–5]. The measures range from dry flood-proofing (sealing 
building openings, etc.), wet flood-proofing (sump-pumps, etc.), 
avoidance of floods (floating buildings, etc.) to barrier systems (sand
bags, etc.). Other measures include adapting building interiors, pre
paring emergency kits and understanding local emergency procedures 
(for detailed analyses see [6, 7–12]). The implementation of PLFRA 
measures and thus raising the self-responsibility of homeowners and 
businesses, has not only shown to reduce losses from natural hazards 

[13–17] but is also cost-efficient in combination with conventional 
structural protection [17,18]. Thus, this has the goal to raise the resil
ience of communities in the long run. Community resilience is under
stood as a settlement having the ability to absorb disturbances and learn, 
adapt or reorganise following an impact [19–21]. Within risk commu
nication processes, especially the information on PLFRA measures is 
often communicated in diverse ways, one reason being that risk is 
perceived differently by experts and the broader public [22–26]. Hence, 
the communication of such information from experts to non-experts is in 
many circumstances inadequate [27], as information is often not 
received in the way it was delivered [13]. As discussed in several papers, 
simply providing information on hazards, risks and adaptation strategies 
in a one-way communication pathway1 will most likely not be able to 
promote adaptive behaviour [4,29–33]. Thus, as analysed in recent 
literature risk communication, which is adjusted to specific needs of 
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people, can influence the perception on risk and encourage adaptive 
behaviour [34–39]. 

1.1. Risk communication and adaptive behaviour 

The Sendai Framework for Disaster Risk Reduction (SFDRR) pro
poses to achieve people-centred risk communication mechanisms which 
include participatory processes and are tailored to the needs of users 
[40]. H€oppner et al. [28] define risk communication as an approach to 
raise awareness, encourage adaptive behaviour, inform on hazards, risks 
and behaviours during an event, build trust, enable mutual dialogue and 
involve actors in decision-making [28]. According to Renn [41], the 
objectives of risk communication are: (1) enlightenment function – all 
receivers of the message can understand the content and thereby 
improve their knowledge about the risk communicated; (2) building 
confidence – create trust in the relationship between sender and 
receiver; (3) inducing risk reduction through communication – persuade 
the receivers to change their behaviour towards a specific risk, and lastly 
(4) cooperative decision making – all affected parties are included in the 
conflict-resolution process. These objectives need different types of 
communication, which can consequently be distinguished into four 
groups: (1) documentation – create transparency where it is secondary 
whether the information is understood by everyone; (2) information – 
communicate the material in a way that the meaning is understood by 
the receiver; (3) two-way communication/mutual dialogue – two-way 
learning including an exchange of experiences and arguments, and 
lastly (4) mutual decision-making and involvement – including people 
adequately (directly and/or indirectly) in decision-making processes. 
For risk communication to be effective, it would include all four types of 
communication listed as well as the four objectives mentioned earlier 
[41]. These categorisations by Renn [41] are partly based on earlier 
works by and Leiss [42], L€ofstedt [43], Covello, et al. [44], Morgan, 
et al. [45]. Several recent studies build upon these approaches discus
sing different communication approaches concerning natural hazards (e. 
g. [46, 47, 48]). In line with the aim of this paper, a key goal of risk 
communication, is to motivate people at risk to realise PLFRA measures 
in light of possible impacts [49]. Considering the integrated model of 
risk communication by O’Neill [50], face-to-face learning phases are 
needed to benefit from local knowledge and engage individuals to act in 
a community. This interaction can encourage individuals to adapt to 
flood hazards. Nevertheless, it is difficult to define what ‘good’ risk 
communication is, as this depends on the actors involved and the goal 
aimed at [51]. Hence, for this paper ‘good’ risk communication will be 
defined as communication which encourages the public/receivers to 
implement PLFRA measures on the properties at risk. Flood risk 
communication can be improved by considering how the public per
ceives flood risk [52]. For example, ‘self-efficacy’ (perceived ability to 
implement PLFRA measures) is positively related to preparedness [38] 
and should be considered in risk communication strategies. 

An important factor influencing the effectiveness of risk communi
cation is trust [30,44,52–57]. Trust can be defined as “an expression of 
confidence between the parties in an exchange transaction and can be 
both process/system- or outcome-based” [43]. Trust entails the trustor 
(public/receivers) who places trust in the trustee (sending experts/other 
stakeholder groups). In the context of flood risk communication, the 
trustees can be the local government, neighbours, volunteers of emer
gency and relief service and relevant experts [56]. Also groups of 
community members, such as flood action groups, can motivate pro
tective behaviour [58,59]. These flood action groups inform citizens on 
flood-related issues and PLFRA measures [58]. These community 
members are seen to be ‘peer educators’ or ‘local champions’, which can 
be trained volunteers that act in a face-to-face educational manner. 
Thereby, community learning is desired, which can lead to a more 
informed broader public [28,50,60]. Also, the receptiveness of home
owners is influenced by the trust they have in existing flood protection 
measures. Trust in public protection measures correlates negatively with 

preparedness at a household level [14,54,61]. A higher level of trust in 
large scale protection measures, can reduce a homeowners willingness 
to implement local adaptation strategies due to a false sense of security 
[52,62]. Additionally, flood-related negative emotions show to be 
positively associated with adaptive behaviour [63]. However, commu
nicating fear and anxiety might have the counteractive result of desen
sitising the public to danger [64], or lead to denial of existing risk [50, 
51]. 

Moreover, the medium and mode of communication are of great 
importance concerning risk behaviour [31]. Communication can occur 
in written form (newspapers, reports, letters, etc.), verbally (conversa
tions, lectures, etc.) and non-verbally (visually). In many cases, risk 
communication is operated by public authorities, which distribute in
formation through brochures, various media channels, websites, 
web-GIS and guidelines [28]. Although received by many, these are only 
appreciated and comprehended by a small number of people and can 
thus be questioned in their effectiveness to communicate risks [27,34, 
65]. Previous studies on the content of flood risk maps conducted during 
the implementation of the EU Floods Directive (2007/60/EC) [66] have 
shown communication biases [24,67,68]. According to this EU Direc
tive, flood hazard and risk maps do not have to include protection and 
mitigation measures on a household level. However, there are examples 
of risk communication which include such maps and additionally in
formation on private adaptation measures, which in turn may be used 
for vulnerability reduction [17,69,70]. Globally, web-based, mobile 
communication technologies and social media such as Twitter, etc. are 
used to distribute information on hazards and risks before, during and 
after events [47,48,71–74]. The aim of these various risk communica
tion systems and the outputs in the shape of labels or guidelines is to 
communicate tailored information on individual risk and possible 
PLFRA measures. The term ‘tailored’ is in this case used synonymously 
to ‘custom-made’ and thus means that information is individualised to 
the specific user. To establish relations between the communicating 
actors, at least two-way communication between experts and the public 
should be aimed at [32,75,76]. Essentially, the information should be 
tailored to the targeted audience [4,77] and a relation of trust should be 
established. 

1.2. Objectives 

The aim of this paper, is to analyse existing communication systems 
available in different countries and thereby gain an understanding about 
the state-of-the art. Especially systems which have the goal to commu
nicate tailored information on flood hazards are looked into in further 
detail. Moreover, an example of a two-way communication pathway2 

within a German communication system called Hochwasserpass is dis
cussed. Thus, the questions to be answered at the end of this paper are:  

(1) Which online information systems concerned with tailored flood 
risk communication can be identified? Which characteristics are 
included?  

(2) How can the risk communication systems enhance individual 
adaptive behaviour? 

The remainder of the paper is organised as follows: Section 2. 
Methods provides an overview of the used methods, divided into the 
screening and selection of communication systems and the cross- 
comparison of these. Following this, the case study analysis of one 
particular risk communication system and its feasibility based on user 
experiences is described. Section 3. Results presents the results of the 
analysis and section 4. Discussion and Conclusion draws conclusions on 

2 Two-way communication can appear in a non-dialogical form (one actor 
consulting the other) and a dialogical form (through the mutual exchange of 
information) [28]. 

M.-S. Attems et al.                                                                                                                                                                                                                              



International Journal of Disaster Risk Reduction 49 (2020) 101618

3

the link between risk communication and individual adaptive 
behaviour. 

2. Methods 

To answer the research questions, the research design includes a 
four-step qualitative research approach in which the selected risk 
communication systems and the process of one specific communication 
system are analysed. An overview of the four steps can be seen in Fig. 1. 

2.1. Screening and selection of communication systems 

Different risk communication systems were explored based on their 
online availability and emphasis on informing groups of people which 
do not have an expertise in flood risk such as homeowners, developers, 
enterprises, etc. All systems selected are online platforms, as we are 
specifically interested in the online availability of flood risk information 
and the varying communication approaches used in different countries. 
Additionally, all systems have an output in the form of a label or guide 
and thereby create tailored information for the user. These criteria 
helped to select systems which provide tailored information to their 
intended users. Moreover, the choice of the analysed systems was based 
on the language proficiencies of the authors (English, German and 
Dutch). Keywords used for the online search of the tools included: flood; 
label; property; risk communication; tool; app; mitigation; adaptation; 
hazard. Also newspaper articles and other popular scientific contribu
tions were additionally used for finding communication systems. Nine 
information systems were chosen for a detailed analysis. These systems 
included: (1) the Netherlands – Overstroomik.nl, (2) Belgium – Water
toets, (3) the UK – Flood Toolkit and (4) Know Your Flood Risk, (5) the USA 
– Beyond FloodsTM and (6) Coastal Risk Consulting, (7) Switzerland – 
Schutz vor Naturgefahren, (8) Canada – Aviva, Plan & Protect, and (9) 
Germany – Hochwasserpass. Semi-structured interviews with the rele
vant developers and experts involved in the process of creating the 
systems were conducted either personally, via e-mail, by telephone or 
skype. During the semi-structured interviews, information on the 
background and development of the systems was gathered based on the 
pillars of risk communication by H€oppner et al. [28] (actors, purposes, 
modes, tools and messages) and the objectives of risk communication by 

Renn [41] (documentation, information, two-way communication/mu
tual dialogue, mutual decision-making and involvement). Thus, the 
interview questions included topics on (1) the developing organisation 
of the system, (2) the purpose of the system, (3) the information required 
to run the system, (4) the output of the system (content of the system), 
(5) the cost of the output for the user, (6) the usability for experts and (7) 
whether the system was based on preferences of potential users. 

2.2. Cross-comparison of communication systems 

Using the information acquired during the semi-structured in
terviews an overview of the systems was made. Consequently, a cross- 
comparison of the systems was prepared on basis of the analysed risk 
communication literature. Hereby, the information gained on the sys
tems was analysed and new categories of analysis created: (1) the pur
pose of the system (inform homeowners, businesses, developers, etc. or 
is it a decision making tool for experts), (2) the information pathway of 
the system (one-way: in the shape of a website, two-way: the presence of 
technical advice by an expert on site), (2) the content of the system (the 
presence of a tailored hazard/risk map by using a postcode, information 
on PLFRA measures, information on contacts to risk engineers and in
surances, information on evacuation plans and whether there is a risk 
label for a property), (3) the user-centred information (whether the 
online information and/or output is free of charge, whether the label is 
free of charge, whether there is an additional login or information source 
on an expert level, if users gain subsidies by using the system and 
whether the system is established based on potential users). The reason 
for analysing the different systems based on the chosen categories, was 
to create an understanding of the similarities and differences of existing 
communication systems and thus of the state-of-the-art. The analysis of 
the systems did not have the goal to decide which system was ‘better’ 
than the other, as a rating as such is not possible without extensive and 
detailed user feedbacks (which are in most cases not available). 

2.3. Selection of case study 

Concentrating on one specific information system and the effect on 
the risk behaviour of users, the German Hochwasserpass, was analysed. 
This system provides users with a flood risk label of their property after a 

Fig. 1. Overview of methods used.  
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thorough analysis of the property construction and location in relation 
to various types of flooding. The flood risk labels can be compared to the 
EU Energy label, which has the goal to rate the energy efficiency of a 
building or electric devices [78]. The reason for the in-depth analysis of 
this system was that the information pathway includes a one-way in
formation source and a two-way communication pathway. The two-way 
pathway encompasses an expert visit on-site, who provides tailored in
formation for the property at risk. Hereby, the goal is to understand 
whether mutual knowledge transfer through two-way communication 
between an expert and receiver (homeowner/enterprise) encourages 
adaptive behaviour. 

The in-depth analysis of the Hochwasserpass took place in Neuburg an 
der Donau (29 608 inhabitants), a city along the Danube River in 
Southern Germany in April 2018. Significant flood events occurred mid 
May 1999 and in the years 2002, 2005 and 2013 [79–81]. The flood 
event of 1999 became one of the largest inundations of the last 100 years 
in Southern Germany [81]. Approximately 100 000 people were affected 
by the floods and 5 people lost their lives. Roughly 100 people had to be 
evacuated and the damages encompassed about 657 million Deutsche 
Mark (DM) (roughly 336 million Euros). Unusually high peak discharges 
caused dyke failures and thus large inundations surrounding the area of 
Ingolstadt and Neuburg an der Donau [81]. Following this flood event, 
several public protection measures were implemented. These included 
dykes and flood walls, mobile flood barrier systems and relocation of 
properties which could not be guaranteed an acceptable level of pro
tection [82]. Due to stream regulations of the Danube river in the 19th 
and 20th century, the river has lost its natural dynamics. Therefore, 
another measure which influences the flood risk management of the area 
is the enhancement of the Danube floodplain through controlled 
ecological flooding [83]. Hence, Neuburg an der Donau was chosen as a 
case study location, due to the inhabitants’ experiences with flood 
events over the past decades. Flood sources vary from pluvial to fluvial 
and the risk awareness among residents is expected to be high. It is 
therefore an interesting setting where the experience of flood has 
become part of collective knowledge. 

2.4. Semi-structured interviews in case study area 

Semi-structured interviews were conducted in German with home
owners and small enterprises that participated in the Hochwasserpass 
process by the HKC (German Centre for Flood Knowledge and Action) in 
Neuburg an der Donau. In total, these were eight participants consisting 
of four privately owned properties and four company buildings. The 
reason for the choice of these participants was that they obtained expert 
advice by the same expert and participated in the study by the HKC. The 
interview guide included questions based on the objectives of risk 
communication as stated by Renn [41] (enlightenment function, 
building confidence, inducing risk reduction and cooperative decision 
making) and factors influencing risk behaviour: (1) the flood experience, 
(2) the reason to participate in the Hochwasserpass process (thus the 
motivation to receive tailored information), (3) contact to neighbours 
(peer educators), (4) whether the process of the Hochwasserpass was 
based on mutual knowledge transfer, (5) the self-efficacy and motivation 
to implement PLFRA measures and (6) the impact on the emotions 
related to future flood event (feeling of safety) resulting from the process 
of the Hochwasserpass. Additionally, the expert who generated the 
Hochwasserpass was interviewed to understand the process applied. All 
interviews were analysed using the software f4transkript and f4analyse. 
This included the process of coding the transcribed interviews and 
identifying relevant themes, by considering qualitative research 
methods as seen in Corbin & Strauss [84] and Salda~na [85]. 

3. Results 

The results of the research provided insights into different risk 
communication systems including information on the developers and 

their background. Through this gained knowledge, one communication 
system and the interaction with users could be analysed in more detail. 
These results will be discussed in the following sections. 

3.1. Cross-comparison of communication systems 

Using the semi-structured interviews with the respective developers, 
the communication systems were analysed based on different categories, 
displayed in Table 1. To comprehensively compare the different 
communication systems, these categories were analysed based on their 
affiliations (governmental, corporate systems/insurance-led and 
collaborative approaches: NGOs, research institutes, insurance com
panies). All communication systems have different backgrounds, de
velopers and outputs, although the systems have a common aim, that is 
to inform users about their risk level in a tailored manner. The in-depth 
analysis of the systems gave insights into which system should be ana
lysed further to understand the effect on adaptive behaviour. 

3.1.1. Governmental systems 
Systems from the Netherlands (Overstroomik.nl), Belgium (Water

toets) and one from the UK (Flood Toolkit) were developed and are now 
maintained by governmental organisations. The Dutch and UK systems 
are online platforms aiming at informing the public in a one-way 
manner by also using flood risk maps. However, they focus on slightly 
different groups within the public audience. Overstroomik.nl aims at 
informing citizens about their individual flood risk and the possible 
options during emergency situations when staying or leaving. Flood 
Toolkit informs users of their risk by using flood risk maps and provides 
general information on adaptation for homeowners, planners, land 
owners and property developers. Watertoets does not aim at informing 
users, but serves as a decision-making process for permits and planning 
in combination with the possibility of including an expert on site who 
evaluates the local flood risks if wanted by the user. Thus, in that case, 
face-to-face interaction is voluntary. Watertoets is a more expert- 
oriented system and is designed to be used by experts involved in 
planning-related decision-making processes. 

3.1.2. Corporate systems/Insurance-led 
Another set of communication systems is developed and maintained 

by private companies. The second UK system in this analysis Know Your 
Flood Risk is run by a private company. It aims at informing homeowners 
and property developers about different flood risks by motivating the 
user to buy a flood report. This report is generated through the company 
by analysing flood data for the requested location. Additionally, both 
systems Beyond FloodsTM and Coastal Risk Consulting developed in the 
USA are corporately run. Beyond FloodsTM aims to inform homeowners 
and sell a risk label. Coastal Risk Consulting aims at a broader set of users, 
namely homeowners, businesses and the government. The system also 
sells reports and consequently a label on the individual risk level, 
generated using flood related data on coastal flooding. All corporate 
systems aim at informing users by selling reports or labels which indi
cate the buyers’ individual flood risk. The Swiss system Schutz vor 
Naturgefahren is a website developed by an insurance company with very 
detailed information on PLFRA measures. It informs homeowners, ar
chitects and property developers on how to protect their property from 
several types of hazards. The output is for free, thus the website does not 
aim at selling a label. Additionally, there is no face-to-face interaction 
with an expert on site. 

3.1.3. Collaborative systems: NGOs, research institutes, insurance 
companies 

The third category of systems are developed collaboratively. The 
Hochwasserpass is being developed by the HKC, a network NGO, with 
support from the German Association of Insurers. It aims at informing 
and providing solutions for homeowners and small businesses by 
creating a label for the property at risk by having an expert inspect the 
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Table 1 
Overview of categories related to the risk communication systems based on the results of the interviews and analysis (þ: included in the system, þ/� : partly included in the system, -: not included in the system, o: 
information not available).   

Information Systems and Developers 

Overstroomik.nl 
(The Netherlands) 

Watertoets 
(Belgium) 

Flood Toolkit 
(UK) 

Know Your 
Flood Risk 
(UK) 

Beyond 
Floods™ 
(USA) 

Coastal Risk 
Consulting 
(USA) 

Schutz vor 
Naturgefahren 
(Switzerland) 

Aviva Plan & 
Protect (Canada) 

Hochwasser- pass 
(Germany) 

Categories of Analysis Government Government Government Private 
company 

Private 
company 

Private 
company 

Insurance company Insurance 
company þ
Research institute 

NGO 

Purpose of the 
system 

Information for homeowners, 
businesses, developers, etc. 

þ þ þ þ þ þ þ þ þ

Decision-making tool for expert – þ – – – – þ – þ

Information 
pathway 

One-way (website) þ þ þ þ þ þ þ þ þ

Two-way (technical advice by 
expert on site) 

– þ – – – – – – þ

Content Tailored risk/hazard map 
(search for postcode) 

þ þ þ þ þ þ – – – 

Information on PLFRA measures þ þ þ þ þ – þ þ þ

Information on contacts to 
engineers, insurances, other risk 
transfer systems, etc. 

þ þ þ þ þ þ þ þ þ

Risk ‘label’ for a property – – – þ þ þ – – þ

User centred 
information 

Online output (guideline or 
information) is free of charge 

þ þ þ þ þ þ þ þ þ

Label is free of charge o o o – – – o o – 
Additional information/login 
for experts/engineers 

– þ – – – – þ – þ

Users gain subsidies by using the 
system 

– – – – o o – – – 

System is based on potential 
users 

þ – þ þ o o o o þ/�
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property on site. Aviva – Plan & Protect however, serves as an emergency 
information system in Canada. It was created by an insurance group in 
collaboration with a research institute. The system provides offline in
formation about what to do before, during and after hazard events and 
provides further information on insurance possibilities concerning nat
ural hazards. Most other communication systems analysed do not pro
vide emergency information (except Overstroomik.nl) making Aviva – 
Plan & Protect a slightly different approach. 

3.2. Results from the Hochwasserpass analysis 

Considering the different communication systems analysed, two go 
beyond the idea of informing homeowners and property developers in a 
one-way communication pathway (Watertoets and Hochwasserpass). The 
two-way communication part in both systems consists of experts/engi
neers personally visiting the sites to be analysed and giving recom
mendations on PLFRA measures. This generates a personal interaction 
between homeowner/enterprise and expert. The Hochwasserpass in
cludes a more extensive one-way communication with wide-ranging 
information on floods and mitigation measures online, than the Water
toets. Considering the communication modes which are to be analysed 
(one-way and two-way), the Hochwasserpass includes more input for 
public users and thus provides more far-reaching substance for this 
analysis. Within the Hochwasserpass, the experts provide an output in the 
shape of a label for buildings on a scale from red to green, depending on 
the exposure, past events and already existing PLFRA measures for four 
types of flooding – river floods, pluvial floods, groundwater flooding, 
and backwater from sewage systems. Thus, the Hochwasserpass was 
examined further based on semi-structured interviews with individuals 
participating in the evaluation process by the HKC. The participants 
were contacted by the expert leading the Hochwasserpass process in the 
community. After their approval to participate, the expert conducted a 
preceding analysis of the property at risk. Consequently, the expert 
visited the properties of the participants in order to complete the process 
of the Hochwasserpass together with the participants. The mentioned 
participants of the Hochwasserpass process are the interviewees within 
this analysis. The results from the semi-structured interviews in Neuburg 
an der Donau are summarised in Table 2. 

3.2.1. Motivation to participate in the Hochwasserpass 
The spring flood event of 1999 played an important role in the 

engagement with the Hochwasserpass. This flood event caused damages 
of various extents on all properties involved in the Hochwasserpass 
process, both private and for small enterprises, of which specifically 
flooded basements were mentioned. The participants took part in the 
Hochwasserpass process based on several motives, ranging from the 
anxiety of facing new damages and related clean-up costs by future flood 
events to the personal connection to the expert giving advice on site. The 
latter reason was highlighted by every interviewee and was thus the 
main motivation to participate in the Hochwasserpass. Interviewees 
emphasised that the experts’ knowledge was considered to be of a 
trustworthy source in order to complete the Hochwasserpass correctly: 

“He [the expert] is very experienced, because he has extensive work 
experience in this area. I wouldn’t trust someone else to give me correct 
information, if it’s not a special company. And even then I would always 
think, they just want to earn money … ((laughs))." (Interview 4 - Private) 

It is very prominent that the personal connection to the information 
source (in this case the expert) is of great importance to most in
terviewees. Additionally, the interviewees appreciated the mutual 
knowledge transfer with the expert. They had the possibility to explain 
their situation and ideas about possible PLFRA measures during the 
process of the expert visit. Those ideas were considered for the final 
assessment of the label: 

“Yes, we [the expert and the interviewee] did a lot together, as he [the 
expert] knows our building operations very well due to his responsibilities 
in the field of flood protection. We went over everything we did, especially 
the measures.” (Interview 7 - Enterprise) 

The use of the website of the Hochwasserpass and the information 
communicated through it was secondary to the participants and had 
little effect on their motivation to take part in the Hochwasserpass pro
cess or implement PLFRA measures. Nevertheless, the interviewees 
consider the label which is acquired after the expert input on site, as an 
instrument to raise awareness: 

“Well, it [the Hochwasserpass] did do some good … At least, it raised the 
[flood] awareness again.” (Interview 1 - Private) 

The visit and analysis conducted during the Hochwasserpass process 
was subsidised, meaning labels were free of charge for the participants. 
Considering this subsidy, no interviewee would want to pay high 
amounts for the Hochwasserpass process: 

“Let’s put it that way, for me personally this [the Hochwasserpass] is only 
worth a few hundred Euros …. I see the effort behind it. So there should 

Table 2 
Summary of semi-structured interviews divided into participants ‘private 
households’ and ‘enterprise’.  

Categories of 
analysis 

Private Enterprise 

Flood experience  � Spring flood event 1999  � Spring flood event 1999 
Damages by flood 

events  
� Flooded basements, mud  � Flooded basements 

Motives to join the 
Hochwasserpass  

� Personal/professional 
connection to the expert  

� Information about 
prevalent risk  

� Personal/professional 
connection to the expert 

Contact people 
during the 
Hochwasserpass 
process  

� Only the expert  � The expert  
� In a few cases the city 

Exchange with 
neighbours  

� No discussion with 
neighbours  

� Some interaction with 
neighbouring companies 

Process of the 
Hochwasserpass 
(opinions)  

� Positive, due to high trust 
in the expert  

� Lenient attitude towards 
a few mistakes made by 
the expert in terms of 
speed  

� Positive, due to high trust 
in the expert 

Knowledge transfer  � Mutual (participants 
were able to ask questions 
and add further 
information in the 
process)  

� Mutual (less interaction; 
usually one meeting in 
which important topics 
were discussed) 

Self-efficacy  � Little knowledge on how 
to find PLFRA measures 
and who to contact  

� Use of website: Very few 
used the website  

� Implementation of PLFRA 
measures: check-valves, 
sealing building open
ings, adapted building 
use, waterproof cellar, 
flood proof basement 
windows, elevated light 
shafts  

� Little knowledge on how 
to find PLFRA measures 
and who to contact  

� Use of website: Website 
was only used during the 
meeting with the expert  

� Implementation of PLFRA 
measures: Adapted 
building use (large scale), 
temporary barriers 
(sandbags-), sealing 
building openings, check- 
valves, sump pumps 

Understanding of 
Hochwasserpass 
results  

� Little knowledge about 
the meaning of the results  

� Large knowledge about 
the meaning of the results 

Willingness to pay 
an expert  

� Low willingness to pay an 
expert  

� Low willingness to pay an 
expert 

General feeling of 
safety after 
Hochwasserpass 
process  

� Lower than before  � Lower than before  
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really be a way, that somebody supports this … To find a subsidy from 
somewhere.” (Interview 1 - Private) 

3.2.2. Self-efficacy 
The majority of participants implemented PLFRA measures, varying 

in size and technical sophistication. The small enterprises implemented 
similar measures on a larger scale. Nevertheless, there were still ex
ceptions where no adaptation measures were implemented. The expert 
provided the residents and enterprises with information on PLFRA 
measures for their specific flood risks. However, after the experts visit 
some of the interviewees did not know who, as in which engineer or 
company to contact to help implement or buy the measures, even though 
this information is provided on the Hochwasserpass website. Some in
terviewees had family members or acquaintances who were technically 
educated, whereas others were still trying to find addresses and contacts 
for help. This knowledge gap lead to several interviewees losing their 
motivation to implement PLFRA measures: 

“Where to get the information and where to get the measures, which 
should be implemented … where do you go and who do you ask.” 
(Interview 4 - Private) 

3.2.3. General feeling of security 
The experience of a flood event can have a negative effect on a 

persons’ feeling of safety. For a system like the Hochwasserpass it is 
important to tap into the experience of floods to motivate people, 
although there is a fine line between building on that experience and 
raising feelings of anxiety. Most interviewees considered the label as a 
checklist. Although this might sound motivating, it created anxiety 
regarding possible damages by future floods if not completed. Thus, this 
checklist acted as a motivator to implement measures and thereby 
decrease items listed by the expert, consequently working towards a 
safer property. It is noteworthy that interviewees emphasised they did 
not experience an increase in feeling safety after the process of the 
Hochwasserpass. On the contrary, participants essentially felt less safe 
after knowing more about their level of risk and the possible conse
quences of a future event. It is not the intention of Hochwasserpass 
process to make the interviewees feel less safe. However, this case study 
points to a relation between negative flood-related emotions and fear as 
a motivator to implement measures: 

“I don’t think that you feel safe by the Hochwasserpass or by a checklist as 
this one … I will only feel more protected if I can reduce this checklist. 
Now we are here [pointing at the measures to implement], and in five 
years we will reduce the 15 to dos by three or four points. Then I will think 
it was worth it.” (Interview 7 - Enterprise) 

4. Discussion and Conclusion 

Considering the cross-comparison of the different communication 
systems, a common aspect within these systems is to communicate 
tailored information on risks. In many cases, the private companies sell 
individualised flood risk information, whereas public communication 
systems that focus on one-way communication are free of charge and the 
information given rather broad. Nevertheless, several systems use risk/ 
hazard maps to communicate tailored information on specific postcodes. 
Only two of the systems analysed comprise the possibility of expert 
advice on site. In the case of the Watertoets this advice was voluntary, 
whereas in the case of the Hochwasserpass, it was part of the entire 
communication process. Only the Hochwasserpass included a two-way 
communication pathway in combination with an extensive one-way 
section which is made for the public. The Hochwasserpass process was 
evaluated and insights in the interviewees flood experience, motivations 
to implement PLFRA measures and sense of security were obtained. 

Coherent with past and recent studies on risk communication, this 

paper clearly demonstrates that trust in the information source is a vital 
building block for successful risk communication methods [30,52–58]. 
The expert as an information source should not only be a flood hazard 
expert, but also a community member which is known to the people. 
Thus, this member has a high level of knowledge about the community 
structure. This was particularly present in Neuburg an der Donau, where 
the expert was a respected member of the community as well as an 
expert in flood hazard topics. It was especially apparent that the trust in 
the expert included that he/she does not draw any extra personal profit 
giving technical advice [57]. Consequently, flood risk communication 
systems can motivate adaptive behaviour under certain conditions: 
There needs to be a personal connection to the sender (the expert or 
authority that advises) and a two-way communication pathway which 
includes a mutual knowledge transfer from and to sender and receiver. 
As seen in O’Neill [50], by fostering face-to-face interactions, learning 
can be enhanced. This in turn might lead to collaborative 
problem-solving. 

Although the personal advice of the expert was trustworthy, results 
showed low levels of security after the process of the Hochwasserpass. 
Thus the question arises whether this effect could implicate the success 
of the communication system in the future. Demeritt & Norbert [51] 
discuss that flood risk communication strategies which aim to motivate 
adaptation measures can have counteractive results, meaning that 
people respond through denial and consequently do not implement 
measures. On the contrary, other studies showed that negative feelings 
associated to floods had a positive relationship with adaptive behaviour 
[63]. Also, interviewees considered the checklist motivating to imple
ment PLFRA measures and thereby raise the feeling of security. 

Considering the Hochwasserpass, the motivation to have an interac
tion with the expert was larger than solely using the one-way source of 
information in the shape of a website. The type of communication used 
essentially goes beyond two-way communication and can be defined as 
mutual decision-making and involvement [28,41,86]. However, there is 
still a gap observed between having knowledge on PLFRA measures and 
actually implementing them [87–90]. As some participants of the 
Hochwasserpass process experienced low self-efficacy, the question arises 
whether the prevalent risk communication applied during the process of 
the Hochwasserpass is sufficient or whether the frequency of advice has 
to be increased. By increasing the frequency of advice, the result would 
be a second participatory pathway, in which the interviewees and the 
expert interact once more (see Fig. 2, “Step 3”). The expert would have 
to make sure that PLFRA measures are implemented or that there is a 
solid understanding on where to find these. Generally, two-way 
communication pathways and mutual decision-making processes 
confine the extent to which a wider community can be reached as the 
willingness to participate in face-to-face activities is limited [4,91,92]. If 
the frequency and scope of advice were to be increased in the Hoch
wasserpass, the effectiveness and resource efficiency on a larger scale, 
has to be questioned. An example of this process can be seen in Fig. 2. 

Reflecting on the research design of this article, the study comprises 
certain limitations, which should be taken into account for future 
research. A larger number of communication systems could be consid
ered for the cross-comparison to decrease the degree of bias. Addition
ally, it is not known, how many users have implemented measures after 
using these communication systems. This would require a broad and 
longitudinal study and could contribute to increase the scope of the 
study. Reflecting on the case study in Germany, it has to be considered 
that it is a very specific example and that the extent to which Hoch
wasserpass-labels have been tested, is still limited. Also, the expert being 
known to the participants might have created certain biases concerning 
the trustworthiness of the communication source. Thus, for further 
research, a broader understanding on similar case studies would be 
important to understand to what extent such communication systems 
can or cannot function. Therefore, longitudinal studies, which analyse 
the effect of participatory methods of risk communication on flood risk 
behaviour and preparedness would be constructive to extend the results 
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of this analysis. This could include an analysis of residents who have not 
acquired a Hochwasserpass and their reasons not to do so. Thereby, an 
understanding of which communication pathway is necessary and 
whether trust in the expert is always needed for motivating adaptive 
behaviour, could be made. This would create an understanding on the 
effectiveness of going beyond mutual knowledge transfer in communi
cation processes, by monitoring peoples progress’, on a larger scale and 
ultimately clarify whether examples such as the Hochwasserpass lead to 
greater individual resilience. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

This work was funded by the Austrian Research Promotion Agency 
(FFG) within the framework of the JPI Urban Europe project FLOOD
LABEL was supported by the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No. 693443. We are 
grateful for the cooperative participation of the interview partners, as 
this was the basis for this analysis. We would also like to thank two 
anonymous reviewers for their insightful comments on an earlier version 
of this manuscript. 

References 

[1] G. Di Baldassarre, M. Kooy, J.S. Kemerink, L. Brandimarte, Towards understanding 
the dynamic behaviour of floodplains as human-water systems, Hydrol. Earth Syst. 
Sci. 17 (2013) 3235–3244. 

[2] G.F. White, Human adjustment to Floods. A Geographical Approach to the Flood 
Problem in the United States in Department of Geography, The University of Chicago, 
Chicago, Illinois, 1945. 

[3] E. Rollason, L.J. Bracken, R.J. Hardy, A.R.G. Large, Rethinking flood risk 
communication, Nat. Hazards 92 (3) (2018) 1665–1686. 

[4] E. Maidl, M. Buchecker, Raising risk preparedness by flood risk communication, 
Nat. Hazards Earth Syst. Sci. 15 (7) (2015) 1577–1595. 

[5] R. Joseph, D. Proverbs, J. Lamond, Homeowners’ perceptions of property-level 
flood risk adaptation (PLFRA) measures: the case of the summer 2007 flood event 
in England, International Journal of Safety and Security Engineering 5 (3) (2015) 
251–265. 

[6] M. Holub, J. Hübl, Local protection against mountain hazards – state of the art and 
future needs, Nat. Hazards Earth Syst. Sci. 8 (2008) 81–99. 

[7] H. Kreibich, P. Bubeck, M. Van Vliet, H. De Moel, A review of damage-reducing 
measures to manage fluvial flood risks in a changing climate, Mitig. Adapt. 
Strategies Glob. Change 20 (6) (2015) 967–989. 

[8] P. Bowker, Flood Resistance and Resilience Solutions: an R&D Scoping Study, 
Defra, London, 2007. 

[9] J. Suda, F. Rudolf-Miklau, in: F. Rudolf-Miklau (Ed.), Bauen und Naturgefahren. 
Handbuch für konstruktiven Geb€audeschutz, Springer, Vienna, 2012. 

[10] H. De Moel, M. Van Vliet, J.C.J.H. Aerts, Evaluating the effect of flood damage- 
reducing measures: a case study of the unembanked area of Rotterdam, The 
Netherlands, Reg. Environ. Change 14 (2013) 895–908. 

[11] M.S. Attems, T. Thaler, E. Genovese, S. Fuchs, Implementation of property level 
flood risk adaptation (PLFRA) measures: choices and decisions, Wiley Interdiscipl. 
Rev.: Water 7 (1) (2020). 

[12] M. Holub, J. Suda, S. Fuchs, Mountain hazards: reducing vulnerability by adapted 
building design, Environ. Earth Sci. 66 (7) (2012) 1853–1870. 

[13] S. Kjellgren, Exploring local risk managers’ use of flood hazard maps for risk 
communication purposes in Baden-Württemberg, Nat. Hazards Earth Syst. Sci. 13 
(7) (2013) 1857–1872. 

[14] T. Grothmann, F. Reusswig, People at risk of flooding: Why some residents take 
precautionary action while others do not, Nat. Hazards 38 (1–2) (2006) 101–120. 

[15] P. Bubeck, W.J.W. Botzen, H. Kreibich, J.C.J.H. Aerts, Long-term development and 
effectiveness of private flood mitigation measures: an analysis for the German part 
of the river Rhine, Nat. Hazards Earth Syst. Sci. 12 (11) (2012) 3507–3518. 

[16] J.K. Poussin, P. Bubeck, J.C.J.H. Aerts, P.J. Ward, Potential of semi-structural and 
non-structural adaptation strategies to reduce future flood risk: case study for the 
Meuse, Nat. Hazards Earth Syst. Sci. 12 (11) (2012) 3455–3471. 

[17] N. Sairam, K. Schr€oter, S. Lüdtke, B. Merz, H. Kreibich, Quantifying flood 
vulnerability reduction via private precaution, Earth’s Future 7 (2019). 

[18] M. Holub, S. Fuchs, Benefits of local structural protection to mitigate torrent- 
related hazards, WIT Trans. Inf. Commun. Technol. 39 (2008) 401–411. 

[19] F. Berkes, Understanding uncertainty and reducing vulnerability: lessons from 
resilience thinking, Nat. Hazards 41 (2) (2007) 283–295. 

[20] R. Leichenko, Climate change and urban resilience, Curr. Opin. Environ. Sustain. 3 
(3) (2011) 164–168. 

[21] B. Walker, C.S. Holling, S.R. Carpenter, A. Kinzig, Resilience, adaptability and 
transformability in social- ecological systems, Ecol. Soc. 9 (2) (2004) 5. 

[22] H. Veland, T. Aven, Risk communication in the light of different risk perspectives, 
Reliab. Eng. Syst. Saf. 110 (2013) 34–40. 

[23] S. Fuchs, K. Karagiorgos, K. Kitikidou, F. Maris, S. Paparrizos, T. Thaler, Flood risk 
perception and adaptation capacity: a contribution to the socio-hydrology debate, 
Hydrol. Earth Syst. Sci. 21 (6) (2017) 3183–3198. 

[24] V. Meyer, C. Kuhlicke, J. Luther, S. Fuchs, S. Priest, W. Dorner, K. Serrhini, 
J. Pardoe, S. McCarthy, J. Seidel, G. Palka, H. Unnerstall, C. Viavattene, S. Scheuer, 
Recommendations for the user-specific enhancement of flood maps, Nat. Hazards 
Earth Syst. Sci. 12 (5) (2012) 1701–1716. 

[25] B. Fischhoff, Risk perception and communication unplugged: twenty years of 
process, Risk Anal. 15 (2) (1995) 137–145. 

[26] Y. Su, X.p. Sun, F. Zhao, Trust and its effects on the public’s perception of flood 
risk: a social science investigation of the middle and lower reaches of the Yangtze 
River, J. Flood Risk Manage. 10 (4) (2017) 487–498. 

[27] A. Fekete, Safety and security target levels: opportunities and challenges for risk 
management and risk communication, Int. J. Disaster Risk Reduct. 2 (2012) 67–76. 

[28] C. H€oppner, M. Buchecker, M. Bründl, Risk communication and natural hazards, 
in: CapHaz-Net WP5 Report, Swiss Federal Research Institute WSL: Birmendsdorf, 
Switzerland, 2010. 

[29] D. Paton, S. Sagala, N. Okada, L.-J. Jang, P.T. Bürgelt, C.E. Gregg, Making sense of 
natural hazard mitigation: personal, social and cultural influences, Environ. 
Hazards 9 (2) (2010) 183–196. 

[30] D. Paton, Risk communication and natural hazard mitigation: how trust influences 
its effectiveness, Int. J. Global Environ. Issues 8 (1/2) (2008) 2–16. 

[31] E. Soane, I. Schubert, P. Challenor, R. Lunn, N. Sunitha, S. Pollard, Flood 
perception and mitigation: the role of severity, agency, and experience in the 
purchase of flood protection, and the communication of flood information, 
Environ. Plann. 42 (2010) 3023–3038. 

[32] T.L. Sellnow, R.R. Ulmer, M.W. Seeger, R.S. Littlefield, Effective risk 
communication, in: M.P. Doyle (Ed.), A Message-Centered Approach Food 
Microbiology and Food Safety, Springer, 2009. 

[33] S. Khan, J.L. Mishra, K.-h.E. Lin, E.E.H. Doyle, Rethinking communication in risk 
interpretation and action, Nat. Hazards 88 (3) (2017) 1709–1726. 

Fig. 2. Process of the Hochwasserpass (solid lines: existing steps; dotted outlines: potential third step of the process).  

M.-S. Attems et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2212-4209(19)30900-8/sref1
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref1
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref1
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref2
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref2
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref2
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref3
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref3
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref4
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref4
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref5
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref5
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref5
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref5
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref6
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref6
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref7
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref7
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref7
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref8
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref8
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref9
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref9
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref10
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref10
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref10
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref11
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref11
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref11
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref12
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref12
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref13
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref13
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref13
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref14
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref14
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref15
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref15
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref15
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref16
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref16
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref16
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref17
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref17
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref18
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref18
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref19
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref19
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref20
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref20
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref21
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref21
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref22
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref22
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref23
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref23
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref23
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref24
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref24
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref24
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref24
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref25
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref25
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref26
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref26
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref26
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref27
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref27
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref28
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref28
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref28
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref29
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref29
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref29
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref30
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref30
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref31
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref31
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref31
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref31
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref32
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref32
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref32
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref33
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref33


International Journal of Disaster Risk Reduction 49 (2020) 101618

9

[34] T. Haer, W.J.W. Botzen, J.C.J.H. Aerts, The effectiveness of flood risk 
communication strategies and the influence of social networks—insights from an 
agent-based model, Environ. Sci. Pol. 60 (2016) 44–52. 

[35] J. De Boer, W.J.W. Botzen, T. Terpstra, Improving flood risk communication by 
focusing on prevention-focused motivation, Risk Anal. 34 (2) (2014) 309–322. 

[36] T. Terpstra, M.K. Lindell, J.M. Gutteling, Does communicating (flood) risk affect 
(flood) risk perceptions? Results of a quasi-experimental study, Risk Anal. 29 (8) 
(2009) 1141–1155. 

[37] W.J.W. Botzen, J. de Boer, T. Terpstra, Framing of risk and preferences for annual 
and multi-year flood insurance, J. Econ. Psychol. 39 (2013) 357–375. 

[38] J.K. Poussin, W.J.W. Botzen, J.C.J.H. Aerts, Factors of influence on flood damage 
mitigation behaviour by households, Environ. Sci. Pol. 40 (2014) 69–77. 

[39] P. Bubeck, W.J.W. Botzen, J.C.J.H. Aerts, A review of risk perceptions and other 
factors that influence flood mitigation behavior, Risk Anal. 32 (9) (2012) 
1481–1495. 

[40] UNISDR, Sendai Framework for Disaster Risk Reduction 2015 - 2030. 2015 26.05, 
2016. Available from: http://www.unisdr.org/files/43291_sendaiframeworkfordrr 
en.pdf. 

[41] O. Renn, Risk governance. Coping with uncertainty in a complex world, in: R. 
E. L€ofstedt (Ed.), Earthscan Risk in Society Series, Earthscan, UK and USA, 2008. 

[42] W. Leiss, Effective risk communication practice, Toxicol. Lett. 149 (1–3) (2004) 
399–404. 

[43] R.E. L€ofstedt, Risk communication: pitfalls and promises, Eur. Rev. 11 (3) (2003) 
417–435. 

[44] V.T. Covello, D.B. McCallum, M.T. Pavlova, Effective Risk Communication. The 
Role and Responsibility of Government and Nongovernment Organizations, 
Plenum Press, New York, 1989. 

[45] M.G. Morgan, B. Fischhoff, A. Bostrom, L. Lave, C. Atman, ES&T Features. 
Communicating risk to the public. First, learn what people know and believe, 
Environ. Sci. Technol. 26 (11) (1992) 2048–2056. 

[46] P. Salvati, U. Pernice, C. Bianchi, I. Marchesini, F. Fiorucci, F. Guzzetti, 
Communication strategies to address geohydrological risks: the POLARIS web 
initiative in Italy, Nat. Hazards Earth Syst. Sci. 16 (6) (2016) 1487–1497. 

[47] M.K.M. Charri�ere, T.A. Bogaard, Smartphone applications for communicating 
avalanche risk information – a study on how they are developed and evaluated by 
their providers, Nat. Hazards Earth Syst. Sci. 16 (2016) 1175–1188. 

[48] R. Albano, A. Sole, J. Adamowski, READY: a web-based geographical information 
system for enhanced flood resilience through raising awareness in citizens, Nat. 
Hazards Earth Syst. Sci. 15 (7) (2015) 1645–1658. 

[49] D. Paton, L. Smith, M. Daly, D. Johnston, Risk perception and volcanic hazard 
mitigation: individual and social perspectives, J. Volcanol. Geoth. Res. 172 (3–4) 
(2008) 179–188. 

[50] P. O’Neill, Developing a risk communication model to encourage community safety 
from natural hazards, in: Paper Presented at the Fourth NSW Safe Communities 
Symposium, 2004 (Sydney, NSW). 

[51] D. Demeritt, S. Norbert, Models of best practice in flood risk communication and 
management, Environ. Hazards 13 (4) (2014) 313–328. 

[52] T. Terpstra, Emotions, trust, and perceived risk: affective and cognitive routes to 
flood preparedness behavior, Risk Anal. 31 (10) (2011) 1658–1675. 

[53] G. Wachinger, O. Renn, C. Begg, C. Kuhlicke, The risk perception paradox- 
implications for governance and communication of natural hazards, Risk Anal. 33 
(6) (2013) 1049–1065. 

[54] W. Kellens, T. Terpstra, P. De Maeyer, Perception and communication of flood 
risks: a systematic review of empirical research, Risk Anal. 33 (1) (2013) 24–49. 

[55] S. Lin, D. Shaw, M.-C. Ho, Why are flood and landslide victims less willing to take 
mitigation measures than the public? Nat. Hazards 44 (2008) 305–314. 

[56] S. Seebauer, P. Babcicky, Trust and the communication of flood risks: comparing 
the roles of local governments, volunteers in emergency services, and neighbours, 
J. Flood Risk Manage. 11 (3) (2018) 305–316. 

[57] R.J. Eiser, A. Bostrom, I. Burton, D.M. Johnston, J. McClure, D. Paton, J. van der 
Pligt, M.P. White, Risk interpretation and action: a conceptual framework for 
responses to natural hazards, Int. J. Disaster Risk Reduct.. 1 (2012) 5–16. 

[58] R. Dittrich, A. Wreford, A. Butler, D. Moran, The impact of flood action groups on 
the uptake of flood management measures, Climatic Change 138 (3–4) (2016) 
471–489. 

[59] S. Seebauer, S. Ortner, P. Babcicky, T. Thaler, Bottom-up citizen initiatives as 
emergent actors in flood risk management: mapping roles, relations and 
limitations, J. Flood Risk Manage. 12 (3) (2018), e12468. 

[60] S.A. Maskrey, S. Priest, N.J. Mount, Towards evaluation criteria in participatory 
flood risk management, J. Flood Risk Manage. (2018), e12462. 

[61] P. Babcicky, S. Seebauer, The two faces of social capital in private flood mitigation: 
opposing effects on risk perception, self-efficacy and coping capacity, J. Risk Res. 
20 (8) (2016) 1017–1037. 

[62] G. Di Baldassarre, A. Viglione, G. Carr, L. Kuil, K. Yan, L. Brandimarte, G. Bl€oschl, 
Debates—perspectives on socio-hydrology: capturing feedbacks between physical 
and social processes, Water Resour. Res. 51 (2015) 4770–4781. 

[63] S. Bamberg, T. Masson, K. Brewitt, N. Nemetschek, Threat, coping and flood 
prevention – a meta-analysis, J. Environ. Psychol. 54 (2017) 116–126. 

[64] S. O’Neill, S. Nicholson-Cole, “Fear won’t do it”. Promoting positive engagement 
with climate change through visual and iconic representations, Sci. Commun. 30 
(3) (2009) 355–379. 

[65] J.W. Handmer, Flood hazard maps as public information: an assessment within the 
context of the canadian flood damage reduction program, Can. Water Resour. J. 5 
(4) (1980) 82–110. 

[66] EC, Directive 2007/60/EC of the European Parliament and of the Council of 23 
October 2007 on the Assessment and Management of Flood Risks, European 
Commission, 2007. L 288/27. 

[67] S. Fuchs, K. Spachinger, W. Dorner, J. Rochman, K. Serrhini, Evaluating 
cartographic design in flood risk mapping, Environ. Hazards 8 (1) (2009) 52–70. 

[68] A. Strathie, G. Netto, G.H. Walker, G. Pender, How presentation format affects the 
interpretation of probabilistic flood risk information, J. Flood Risk Manage. 10 (1) 
(2017) 87–96. 

[69] S. Fuchs, Susceptibility versus resilience to mountain hazards in Austria paradigms 
of vulnerability revisited, Nat. Hazards Earth Syst. Sci. 9 (2009) 337–352. 

[70] A. Atreya, J. Czajkowski, W. Botzen, G. Bustamante, K. Campbell, B. Collier, 
F. Ianni, H. Kunreuther, E. Michel-Kerjan, M. Montgomery, Adoption of flood 
preparedness actions: a household level study in rural communities in Tabasco, 
Mexico, Int. J. Disaster Risk Reduct. 24 (2017) 428–438. 

[71] E. Verrucci, G. Perez-Fuentes, T. Rossetto, L. Bisby, M. Haklay, D. Rush, P. Rickles, 
G. Fagg, H. Joffe, Digital engagement methods for earthquake and fire 
preparedness: a review, Nat. Hazards 83 (2016) 1583–1604. 

[72] R.V. Engeset, G. Pfuhl, M. Landrø, A. Mannberg, A. Hetland, Communicating public 
avalanche warnings – what works? Nat. Hazards Earth Syst. Sci. 18 (2018) 
2537–2559. 

[73] M.T. Niles, B.F. Emery, A.J. Reagan, P.S. Dodds, C.M. Danforth, Social media usage 
patterns during natural hazards, PloS One 14 (2) (2019), e0210484. 

[74] N. Pourebrahim, S. Sultana, J. Edwards, A. Gochanour, S. Mohanty, Understanding 
communication dynamics on Twitter during natural disasters: a case study of 
Hurricane Sandy, Int. J. Disaster Risk Reduct. 37 (2019). 

[75] C. H€oppner, R. Whittle, M. Bründl, M. Buchecker, Linking social capacities and risk 
communication in Europe: a gap between theory and practice? Nat. Hazards 64 
(2012) 1753–1778. 

[76] T.A. Steelman, S. McCaffrey, Best practices in risk and crisis communication: 
implications for natural hazards management, Nat. Hazards 65 (1) (2012) 
683–705. 

[77] R.A. Bradford, J.J. O’Sullivan, I.M. van der Craats, J. Krywkow, P. Rotko, 
J. Aaltonen, M. Bonaiuto, S. De Dominicis, K. Waylen, K. Schelfaut, Risk perception 
– issues for flood management in Europe, Nat. Hazards Earth Syst. Sci. 12 (2012) 
2299–2309. 

[78] T. Hartmann, M. Scheibel, Flood Label for buildings – a tool for more flood-resilient 
cities, E3S Web of Conferences 7 (2016) 13006. 

[79] G. Bl€oschl, T. Nester, J. Komma, J. Parajka, R.A.P. Perdig~ao, The june 2013 flood in 
the upper Danube basin, and comparisons with the 2002, 1954 and 1899 floods, 
Hydrol. Earth Syst. Sci. 17 (12) (2013) 5197–5212. 

[80] Hochwasser LfU, Gew€asserkundlicher Bericht, Bayerisches Landesamt für Umwelt, 
2007. August 2005. 

[81] Hochwasser Mai LfU, Gew€asserkundliche Beschreibung. 2003, Bayerisches 
Landesamt für Wasserwirtschaft, München, 1999. 

[82] Wasserwirtschaftsamt Ingolstadt, Hochwasserschutz Neuburg a.D. Donau. 2018 
12.02, 2020. Available from: https://www.wwa-in.bayern.de/hochwasser/hochw 
asserschutzprojekte/neuburg/index.htm. 

[83] Wasserwirtschaftsamt Ingolstadt, in: L. Van Eeckhaute (Ed.), River and Floodplain 
Restoration on the Upper Danube by Establishing River Continuum and Ecological 
Flooding, 2016. 

[84] J. Corbin, A. Strauss, Basics of Qualitative Research. Techniques and Procedures 
for Developing Grounded Theory, 4 ed., Sage Publications, Inc, Thousand Oaks, 
CA, US, 2014. 

[85] J. Salda~na, The Coding Manual for Qualitative Researchers, 2 ed., Sage, 2012. 
[86] M. Alexander, C. Viavattene, H. Faulkner, S. Priest, Translating the complexities of 

flood risk science using KEEPER - a knowledge exchange exploratory tool for 
professionals in emergency response, J. Flood Risk Manage. 7 (3) (2014) 205–216. 

[87] A. Scolobig, B. De Marchi, M. Borga, The missing link between flood risk awareness 
and preparedness: findings from case studies in an Alpine Region, Nat. Hazards 63 
(2) (2012) 499–520. 

[88] P. Bubeck, W.J.W. Botzen, J. Laudan, J.C.J.H. Aerts, A.H. Thieken, Insights into 
flood-coping appraisals of protection motivation theory: empirical evidence from 
Germany and France, Risk Anal. 38 (6) (2018) 1239–1257. 

[89] D. Osberghaus, The effect of flood experience on household mitigation—evidence 
from longitudinal and insurance data, Global Environ. Change 43 (2017) 126–136. 

[90] P. Babcicky, S. Seebauer, Unpacking Protection Motivation Theory: evidence for a 
separate protective and non-protective route in private flood mitigation behavior, 
J. Risk Res. (2019) 1–18. 

[91] C. H€oppner, J. Frick, M. Buchecker, What drives people’s willingness to discuss 
local landscape development? Landsc. Res. 33 (5) (2008) 605–622. 

[92] B. Junker, M. Buchecker, U. Müller-B€oker, Objectives of public participation: 
which actors should be involved in the decision making for river restorations? 
Water Resour. Res. 43 (10) (2007) 1–11. 

M.-S. Attems et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2212-4209(19)30900-8/sref34
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref34
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref34
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref35
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref35
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref36
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref36
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref36
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref37
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref37
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref38
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref38
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref39
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref39
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref39
http://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf
http://www.unisdr.org/files/43291_sendaiframeworkfordrren.pdf
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref41
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref41
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref42
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref42
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref43
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref43
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref44
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref44
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref44
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref45
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref45
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref45
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref46
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref46
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref46
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref47
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref47
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref47
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref48
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref48
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref48
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref49
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref49
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref49
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref50
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref50
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref50
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref51
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref51
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref52
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref52
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref53
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref53
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref53
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref54
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref54
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref55
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref55
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref56
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref56
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref56
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref57
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref57
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref57
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref58
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref58
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref58
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref59
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref59
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref59
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref60
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref60
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref61
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref61
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref61
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref62
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref62
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref62
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref63
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref63
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref64
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref64
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref64
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref65
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref65
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref65
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref66
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref66
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref66
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref67
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref67
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref68
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref68
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref68
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref69
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref69
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref70
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref70
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref70
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref70
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref71
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref71
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref71
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref72
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref72
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref72
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref73
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref73
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref74
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref74
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref74
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref75
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref75
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref75
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref76
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref76
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref76
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref77
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref77
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref77
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref77
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref78
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref78
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref79
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref79
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref79
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref80
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref80
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref81
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref81
https://www.wwa-in.bayern.de/hochwasser/hochwasserschutzprojekte/neuburg/index.htm
https://www.wwa-in.bayern.de/hochwasser/hochwasserschutzprojekte/neuburg/index.htm
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref83
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref83
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref83
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref84
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref84
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref84
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref85
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref86
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref86
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref86
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref87
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref87
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref87
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref88
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref88
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref88
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref89
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref89
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref90
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref90
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref90
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref91
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref91
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref92
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref92
http://refhub.elsevier.com/S2212-4209(19)30900-8/sref92

	The influence of tailored risk communication on individual adaptive behaviour
	1 Introduction
	1.1 Risk communication and adaptive behaviour
	1.2 Objectives

	2 Methods
	2.1 Screening and selection of communication systems
	2.2 Cross-comparison of communication systems
	2.3 Selection of case study
	2.4 Semi-structured interviews in case study area

	3 Results
	3.1 Cross-comparison of communication systems
	3.1.1 Governmental systems
	3.1.2 Corporate systems/Insurance-led
	3.1.3 Collaborative systems: NGOs, research institutes, insurance companies

	3.2 Results from the Hochwasserpass analysis
	3.2.1 Motivation to participate in the Hochwasserpass
	3.2.2 Self-efficacy
	3.2.3 General feeling of security


	4 Discussion and Conclusion
	Declaration of competing interest
	Acknowledgements
	References


