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Keywords: This study investigates the impact of hazard maps on people’s risk awareness, risk perception and
Risk perception willingness to engage in risk management activities in South Tyrol, Italy. By comparing empirical
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survey data from municipalities with and without approved hazard maps, the research aims to
understand how these maps influence people’s awareness and attitudes towards natural hazards.
The results show that while hazard maps significantly improve risk perception and encourage
proactive behaviour, their effect on knowledge about risk relevant tools and measures remains
limited. There is a high level of uncertainty and misinformation regarding existing risk mitigation
measures, particularly in communities without approved hazard maps. The results show that
hazard maps have a significant impact on public risk perception. In communities with approved
hazard maps, people perceive a greater need for additional protective measures and have a lower
sense of security in case of a natural hazard event. The study also shows that hazard maps in-
crease people’s willingness to become more involved in risk management activities. The study
emphasizes the importance of targeted risk communication strategies and suggests that hazard
maps should be complemented by ongoing risk communication initiatives and participatory
formats to achieve sustainable engagement and increase people’s preparedness. Additionally, the
research highlights the potential of hazard maps to raise awareness and encourage active
participation but also identifies challenges and the need for comprehensive follow-up activities to
ensure long-term impact.

1. Introduction

Natural hazards, such as floods, droughts, landslides, earthquakes, and heat waves, can have a huge impact on peoples’ livelihoods
[1]. The probability of being affected by an event, which can create large amounts of damage are not equally distributed across the
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globe [2-5]. Mountain regions face particular challenges from natural hazards due to their geographical, climatic and socio-economic
characteristics [6,7]. In many cases, mountain regions can be considered as vulnerable, because of their remoteness [8]. Further, they
are strongly affected by climate change [9]. Mountain regions are experiencing rapid warming and large populations rely on them
either directly or indirectly. These areas are also rich in biological and cultural diversity, playing a critical role in supplying essential
resources and services to communities in the mountains and downstream [1]. Key challenges in managing risk in such complex social
and geographical contexts include a) how to enhance individual and collective response to natural hazard events, and b) determining
who is responsible for planning and implementing mitigation measures [8,10-12]. In the past decades non-state actors have come to
play a more prominent role and responsibility in natural hazard risk management than before [11]. Non-state actors encompass a
diverse range of entities, including non-governmental organisations, community-based organisations, private sector companies and
academic institutions. However, this shift which is also described as behavioral turn [13] also raises the question on how to encourage
them to become more engaged and active. Risk communication and risk perception, along with their interrelationships, are key
components in the discourse on how to better protect and prepare societies from a social science perspective.

Risk communication is a crucial point for increasing risk awareness, and different targeted communication strategies should be
pursued at different levels [10,14]. Maps, for example, play an important role in natural hazard management and are an important tool
for risk communication to inform individuals and communities about the potential threat with the goal to improve the individual and
collective preparedness [15-18] such as the successful implementation of the European Union Floods Directive (Floods Directive
(2007/60/EC). Many authors agree that the use of maps can significantly contribute to successful risk communication [15,19-22].
For example, Wenk et al. [22] argue that maps are suitable as a core instrument for informing the public, reasoning that they have the
potential to raise awareness, promote personal responsibility, and communicate residual risks. However, it is also evident that
map-based risk communication presents various challenges. These include the distortion and filtering of information due to public
biases [22] and varying abilities among the general public to use interactive maps [15,20]. But also, how can we use hazard maps for
strategies of reducing risks at individual and community level?

Especially in the field of hazard zone planning there is still a knowledge gap regarding the impact on people’s risk awareness,
perception, and behavior. It is particularly difficult to study and quantify the impact of policy instruments such as hazard maps on the
awareness or attitudes of the population, as there is usually not the possibility of having a control group because a policy instrument is
usually implemented in a whole region. The other possibility, which is a long-term study examining the situation before and then after
the introduction of a policy instrument, is usually not available due to the lack of longitudinal social science studies and other factors
may have changed over the period [23].

Against this background, this study provides the opportunity to understand and analyse the influence of natural hazard plans on
peoples’ risk awareness and risk perception by comparing empirical data from municipalities with and without a hazard plan within
the same region.

The objective of the study is to examine the influence of the natural hazard plan as a risk management policy instrument on risk
awareness, risk perception and opinions regarding personal responsibility.

For this purpose, the municipalities were divided into two groups, one with and one without an approved natural hazard plan.

This study aims to explore and test three key hypotheses:

1. The presence of legally binding natural hazard zone plans at municipality level influences peoples’ awareness about measures and
tools to reduce risk of natural hazards,

2. The presence of legally binding natural hazard zone plans at municipality level increases people’s risk perception,

3. The presence of legally binding natural hazard zone plans at municipality level increases people’s willingness to be more involved
in risk management measures.

We distinguish between ‘risk knowledge’ and ‘risk awareness’. By recognizing that an unambiguous demarcation between both
terms is difficult, we refer to ‘risk knowledge’ as the dynamic understanding that individuals or groups have about factual and
contextual information concerning hazards, risk levels, exposure and capacities, in short: what one knows [24-26]. In contrast, risk
awareness is understood as the extent to which an individual or community is in general conscious of the presence of a risk [27]. Hence,
risk awareness is describing a cognitive orientation toward risks, encompassing attitude, vigilance, and responsiveness, in short: how
cognisant and responsive one is with his/her knowledge [28,29]. In this study, we focus on investigating the risk awareness of in-
dividuals and communities. We consider the level of risk knowledge as crucial factor influencing risk awareness but we do not seek to
analyse the factors influencing risk knowledge. Finally, by risk perception, we mean the subjective judgment individuals or groups
make about the severity and probability of a risk. This perception is influenced by cognitive, psychological, social, and cultural factors,
which can lead to variations in how risks are evaluated and responded to compared to their actual statistical probabilities [28,30-33].

2. Study area

South Tyrol, an autonomous province in northern Italy, is in the Eastern Alps, south of the main Alpine ridge. Its climate is mild and
dry with an average temperature of 12.3 °C. South Tyrol’s landscape is characterized by high mountains (up to 3905 m a.s.l.) and
densely populated and intensively used valleys. The majority of South Tyrol’s run-off system is part of the upper Etsch/Adige River
catchment and its contributors. Due to its geological and morphological terrain, the mountainous region of South Tyrol is subject to
various natural hazards: floods, mass movements, avalanches and forest fires are phenomena that are familiar to both the urban
population and the population in rural areas. These hazards can potentially jeopardise human activities and lives. An increase in the
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average annual duration of rainfall events and debris flow occurrence in South Tyrol can be observed [34] and consequently, the
number and scope of floods, rockfalls, landslides, avalanches and other natural hazards has been increasing.

In South Tyrol, the permanent settlement area, i.e. the potentially populated area, corresponds to just over 5 % of the total area of
the province. All extensive settlement areas and the largest transport infrastructures are concentrated in the valley bottoms of the
larger rivers often surrounded by steep mountain slopes which makes spatial expansion impossible. Within the Italian administrative
context, South Tyrol is administered as an autonomous province due to its history as a border region and part of Austria until 1918 and
the presence of linguistic and cultural minorities. The Autonomous Province of Bolzano has legislative autonomy, allowing it to create
and implement its own laws regarding natural hazard management.

Natural hazards are integrated into the provincial law on spatial planning, which includes construction concessions and other
regulatory measures (Provincial Law No. 9 of 10 July 2018 on Spatial Planning and Landscape Protection). Risk management in South
Tyrol, particularly through hazard zone planning, differs from other Italian regions by adopting a more innovative and comprehensive
approach based on a risk concept rather than just hazard mapping [17]. Inspired by the Swiss approach to risk management, the
integration of multiple hazards into the legal framework and the use of risk maps are key aspects of South Tyrol’s approach to hazard
management [17,35]. In 2008, South Tyrol introduced risk-based spatial planning, shifting from traditional hazard mapping to a more
comprehensive risk assessment approach. Standardized risk maps help compare risk situations and support decision-making in
technical mitigation measures and spatial planning projects. The mandatory hazard zone planning scheme is applied across the entire
area, giving it a superior legal status compared to land-use plans in other regions [17]. The hazard zone planning in South Tyrol is
therefore a long-term, risk-based, and legally binding protection measure against various natural hazards. It aligns with European
Union directives and incorporates methodologies from Switzerland and Austria, with which it is coordinated, in order to boost
cross-border cooperation and effectiveness [17,17].

Risk management has traditionally been seen as a duty of public institutions, but in recent years and due to systemic changes
(climate change, governance change, financial aspects) the involvement of different type of actors became more and more important
and aspects such as risk awareness and risk communication became integrative part of risk governance [36-39].

Indeed, in South Tyrol, according to provincial law (Provincial Law No. 13 of 11 August 1997, Article 22-bis; Decree of the Pro-
vincial Governor (Landeshauptmann) of 5 August 2008, No. 42 and of 19 October 2019, No.23) every municipality is obliged to
develop a natural hazard plan that, after the approval by the provincial government, becomes a legally binding plan and receives a
legal status superior to local land-use and development plans. Therefore, these natural hazard plans have a direct impact on spatial
planning at local level. The hazard zone plans are drawn up by consultants on behalf of municipalities, taking into account the criteria
set out in the relevant guidelines. The hazard zone plan includes a hazard zone map as one of its key components, alongside
accompanying reports describing and summarising the hydrogeological hazards threatening settlements and infrastructure. The plan
also contains other useful information for technicians and experts, such as thematic maps and information relevant to the preparation
of expert reports and compatibility assessments. The plan is drawn up by experts and do not foresee any direct involvement of the
population. After the plan has been approved, it must be made public in the municipality and every citizen can inspect it and lodge an
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Fig. 1. The 8 municipalities within the study area of South Tyrol (Italy).
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objection. In addition, each municipality must organise a citizens’ meeting at which the plan is presented. How exactly the meeting is
organised is up to each municipality, as is the decision whether to hold additional communication activities or information events. In
2019 when the study was conducted, in about half of the 116 South Tyrolean municipalities these hazard plans had already been
approved. The other municipalities are in the phase of development or approval. This situation allows to compare the situation be-
tween municipalities that already have an approved plan in place and those that have not, and to analyse if and how the presence of
these hazard plans impacts people’s risk awareness about natural hazards and their risk perception.

Fig. 1 shows the case study area, and the municipalities selected for the study.

3. Methodology
3.1. Selection of municipalities

The following 3 criteria determined the selection of the 8 municipalities of the study: 1) Size of municipality (small/rural mu-
nicipalities and large/urban municipalities), 2) experience of events that have taken place in the years preceding the study, and 3)
existence of an approved hazard zone plan. We grouped all 116 municipalities in South Tyrol according to these criteria. Each of the
resulting groups included different municipalities, the selection of the municipality for each group was made together with natural
hazard experts of the region considering a balanced geographical distribution within the region and selecting municipalities that
experienced different types of natural hazard events (avalanches, debris flow, flooding). The flowchart in Fig. 2 shows the process of
sample selection.

In the original research design, the sample of “Municipalities without Plan” included the municipality of Bressanone (250 re-
spondents), which approved its hazard zone plan during the study and therefore, for the data analysis, is classified in the group of
“Municipalities with Plan.” Consequently, the sample “Municipalities Without Plan” was considerably reduced and therefore has only
153 respondents compared to those with plan, which had 1257 respondents.

All municipalities in South Tyrol
(N=116)

Reasoned choice based on expert judgement
P of provincial experts involved in hazard zone
B Lplanning. Selection criteria: size, presence of

v hazard plan, territorial distribution

Municipalities selected for the

study
(N=8)
( Initial classification of municipalities
v L according to size and presence of hazard plan
Municipality | Municipality
with plan without plan
Large | Bolzano Vipiteno
size Merano Bressanone
- Definition of final samples according to the
S.mall Bror\zolo Chianes variable presence of hazard plan. During the
size Braies Curon study Bressanone approved the plan so
= finally it belongs to the sample “Municipality
k with plan”
v
Municipality with hazard plan Municipality without hazard plan
Bolzano (n_CATI=335) Vipiteno (n_CATI=120, n_CAPI=50)

Merano (n_CATI=300)
Bressanone (n_CATI=250)

Bronzolo (n_CATI=50, n_CAPI=50) | Chianes (n_CATI=50, n_CAPI=50)
Braies (n_CATI=15, n_CAPI=50) Curon Venosta (n_CATI=40, n_CAPI=50)

Fig. 2. The process of sample selection. n_CATI refers to the number of respondents interviewed using the Computer Assisted Telephone Interview
(CATI) method and n_CAPI refers to the number of respondents interviewed using the Computer Assisted Personal Interview (CAPI) method.
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3.2. Sampling and data collection through questionnaire

The size of the selected municipalities varies between 536 inhabitants in Braies and 33,325 in Merano (as of December 2018). For
Bolzano, the largest city in terms of total population, only 2 neighborhoods (Aslago and Rencio) were considered for the calculation of
the sample, as only these were affected by a recent event. The sample for the survey included only the adult resident population and
was stratified according to age, gender, and municipality of residence. Table 1 shows the composition of the sample by gender, age and
educational level. The sample additionally demonstrates a representative distribution of the selected municipalities.

The data collection process was conducted by a specialized market research firm through anonymous Computer Assisted Telephone
Interview (CATI) and Computer Assisted Personal Interview (CAPI) methodologies between June 17 and July 10, 2019. Interviews
were administered in either German or Italian, according to respondent preference. The private agency was responsible for collecting
the data and applying the RIM technique for weighting the data. The authors of this manuscript independently carried out the research
design, development of the questionnaire and all data analyses. The respondents were informed about the purpose of the research and
the use of the data. During the data collection process, it became apparent that it was particularly difficult to obtain the desired number
of interviews in the municipality of Curon Venosta. Therefore, the neighbouring municipality of Val di Vizze, which fulfils the same
criteria as Curon Venosta (small municipality, without an approved hazard zone plan, with a recent natural hazard event), was selected
to boost the interviews for Curon Venosta with 34 interviews to reach the desired total number of 90 interviews. As with probability
sampling, the units were determined randomly. The socio-demographic characteristics age and gender have been adjusted to the latest
data provided by the Italian National Institute of Statistics (ISTAT).

Data were collected through a questionnaire of 42 questions of different types (e.g., single answer, multiple choice, Likert scale) and
divided into 4 sections: 1) risk awareness related to natural hazards, 2) risk perception, 3) responsibility in risk management, including
the role of citizens, and 4) suggestions for improving risk management and risk communication procedures.

The data of the initial sample (N = 1410) were subjected to post-stratification calibration weighting procedure to ensure the
representativeness of the overall data in terms of the parameters gender, age, and municipality of residence, as well as the repre-
sentativeness of the data of the individual municipalities by gender. The breakdown by age within each municipality was not pondered
but checked in advance by selecting the interview rates. The maximum error rate of the overall data is 2.6 %, with a confidence interval
of 95 %. To offset the distribution of municipality, age, and gender of the sample against that of the population of the 8 municipalities
of interest, the data were weighed using the Random Iterative Method (RIM), which considers two or more variables when weighing
data. This technique automatically generates weight for the desired characteristics by modifying multiple variables simultaneously,
while attempting to maximise the effectiveness of the weighting. The RIM weighting procedure was performed in Excel using a macro
(SSCI) with a RIM number of 2 and 4 iterations. WEFF metric is equal to 1.29 and all the procedure resulted in increased efficiency of
77.76 %. Respondents under-represented get a weight larger than 1, and those in over-represented groups get a weight smaller than 1.
In our case wights varies from 0.11 to 2.05 with average value equal to 1.29 and standard deviation 0.44. The highest value of the
weight (on average 1.7) has been assigned to respondents from Merano and the lowest value (on average 0.13) to respondents from
Braies. Respondents from Bolzano have obtained weight around 1.3.

3.3. Data analysis

The collected data were recoded and analysed using the statistical software SPSS, version 29.0 [40]. Generally, the absolute and
relative frequencies were calculated to explore the distribution of categorical and ordinal variables. To answer the research questions,
the data was divided into two groups, responses from municipalities with an approved hazard zone plan and from municipalities
without an approved plan. Several crosstabs were then created, and the corresponding associations as well as the differences in mean
values and distribution were checked. Nominal variables were analysed using the independent y2 test. Z-test was applied to compare
column proportions. In this test, categories sharing the same lowercase letter (e.g., a) have column proportions that do not differ
significantly, while differing letters (e.g., a and b) indicate significant differences between groups. Furthermore, to test the differences
between two groups in the case of ordinal variables, the non-parametric Independent-Samples Mann-Whitney U Test was applied. The

Table 1
Characteristics of the survey sample (N = 1410).
Variable Level Frequency Percent
Gender Female 724 48.7
Male 686 51.3
Age class 18-29 217 15.4
30-39 199 14.1
40-49 257 18.3
50-59 256 18.1
60-69 185 13.1
>70 296 21.0
Highest level of education Elementary school 51 3.6
Middle school 241 17.1
Professional school 160 11.3
High school 649 46.0
University degree 276 19.6
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values of the mean ranks (MR) measuring average values of scores being ranked from lowest to highest are indicated in brackets after
the respective groups under comparison. Therefore, the group with the highest mean rank is the group with the greatest number of high
scores in it. The statistical significance was set at 0.05 for all tests developed.

4. Results

In this section and the tables included, we present the results of our statistical analyses regarding the extent to which the presence of
hazards plans has impacted people’s risk awareness and risk perception. In our study, the aspect of risk awareness is addressed through
two questions. The first question pertains to the awareness of the presence of a hazard zone plan within one’s own municipality, while
the second question relates to awareness of existing technical mitigation measures against natural hazards. As far as the aspect of
awareness about the existence of a hazard zone plan in one’s own municipality is concerned (see Table 2), our data show that in
municipalities with plan, uncertainty is lower, with a lower proportion stating that they could not give an answer (28.7 %) than in
municipalities where there is no plan (39.3 %). In municipalities that have a plan and in which at least one information event has taken
place, people have a better awareness, 64.6 % say that there is a plan which corresponds to reality, and only 6.7 % say that there is no
plan, which is incorrect. In municipalities without a plan, 4.4 % stated that there is no plan, which corresponds to reality, and more
than half, 56.3 %, said that there is a plan in their municipality, but this does not correspond to reality. In municipalities without a plan,
the proportion of those who do not know and those who state knowledge that does not correspond to reality is therefore greater. Our
data show that there is an influence on the awareness about the existence of hazard plans but that in addition to ignorance, misin-
formation is also very present, especially in communities where there are no plans (y2 (2) = 7.48, p-value = 0.024).

For the second question linked to risk awareness, respondents were presented with a predefined list of existing technical mitigation
measures and could select multiple options to indicate those they were aware of. There was also an option to indicate ‘I don’t know any
measures’. The results from the this question linked to awareness (Table 3) show that the proportion of individuals reporting to know
many technical mitigation measures (5 or more) is equally large in both groups (16.4 % and 16.5 %), while the proportion of those
reporting no awareness of existing measures is even larger in the group with approved hazard plan (13.8 %) compared to the group
without plan (5.5 %). Generally, there is a relationship between how many measures people know and the existence of a hazard plan in
the municipality (¥2 (5) = 55.51, p-value = 0.001) but no positive impact on the awareness, meaning that in municipalities with
hazard plan more people indicate to not know any technical mitigation measures than in municipalities without plan. People in
communities without a plan (MR = 857,20) are generally even more familiar with protective measures than people in municipalities
with a plan (MR = 625,65) (Mann-Whitney U test = 38688.500, p-value <0.001).

Concerning our first hypothesis, the results from the two questions show that the presence of a legally binding hazard plan at
municipality level only minimally affects people’s risk awareness related to natural hazards and that there is not only a lot of un-
certainty but also misinformation.

For the aspect of risk perception, we collected data referring to the perceived need for additional protection measures, the
perceived safety and preparedness in case of a natural hazard event occurring in the municipality of residence, the trust in information
sources and the perceived probability of being directly affected. Our findings indicate that there is a relation between the perceived
need for additional technical mitigation measures and the presence of a hazard plan in the municipality (x2 (2) = 8.28, p-value =
0.016). In communities where a hazard plan has been approved and presented to the population, a higher percentage of individuals
perceive a need for additional protective measures (12.2 % versus 5.2 %, as detailed in Table 4).

The analysis of the differences in sources of information deemed trustworthy based on the presence of an approved hazard plan
reveals only minor variations in distribution. In the survey, respondents were asked which information sources they consider most
trustworthy for receiving information about natural hazards. A multiple-choice question with predefined information channels was
used, allowing a maximum of three responses. Traditional media (newspapers, radio and TV) were identified as the most reliable
sources of information in both groups, followed by volunteer fire departments, civil protection organisations and institutional websites
(e.g. municipality, province) (see Fig. 3).

Regarding the feeling of safety in case of an event happening in the municipality (on a scale from 1 = not at all safe and 10 = very
safe) our data don’t show any differences in distributions between two groups of municipalities (Mann-Whitney U test statistic =
57,807, p-value = 0.455), there is only one significant difference in proportion for the answer “I would feel very safe” (see Fig. 4,

Table 2

Awareness of hazard plan (Identical lowercase letters (a) next to percentage values indicate that there is no statistically sig-
nificant difference in proportions between the two groups. Different letters (a and b) indicate a significant difference in pro-
portions between the two groups.).

Variable Level Frequency Percent
Municipalities Yes 86 56.3a
Without Plan No 7 4.4a
Don’t know 60 39.3a

Total 153 100.0
Municipalities Yes 812 64.6b
With Plan No 84 6.7a
Don’t know 61 28.7b

Total 1257 100.0
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Table 3
Awareness about existing technical mitigation measures.
Variable Level Frequency Percent
Municipalities none 8 5.5a
Without Plan 1 12 7.8a
2 38 24.9a
3 37 24.1a
4 33 21.3a
5 or more 25 16.4a
Municipalities none 173 13.8b
With Plan 1 242 19.2b
2 350 27.8a
3 191 15.2b
4 93 7.4b
5 or more 208 16.5a
Table 4
Additional need for technical mitigation measures in the municipality.
Variable Level Frequency Percent
Municipalities Yes 8 5.2a
Without Plan No 101 66.3a
Don’t know 43 28.5a
Municipalities Yes 153 12.2b
With Plan No 831 66.1a
Don’t know 273 21.7a

difference in column proportion for value 10). Other differences are not significant. In municipalities with hazard plan, less people
indicate to feel very safe in case of an event (26.6 % versus 35.1 % in municipalities without plan).

In our study, we additionally examined risk perception by asking participants to estimate the probability of being personally
affected by a natural hazard event within the next five years using two questions: one regarding their own municipality and another
concerning their own house or apartment. We found no differences between the two groups in the perceived probability that their own
municipality could be affected by a natural hazard event within the next five years (Mann-Whitney U test statistic = 56,963, p-value =
0.329). However, we did observe differences regarding the perceived probability of their own house or apartment being affected in the
next 5 years (Mann-Whitney U test statistic = 50,199, p-value = 0.003). People living in municipalities without a plan (MR = 543.65)
think it is less likely that their own house or flat will be affected than people living in municipalities with a plan (MR = 652.64). It is
worth noting that the proportion of respondents who consider it “not at all probable” is significantly lower in communities with a plan
compared to those in municipalities without a plan (33 %-43.8 %).

Our third hypothesis investigates the relationship between the presence of the hazard zone plan and the willingness to engage in
proactive risk mitigation measures. The results in Table 5 reveal differences in willingness to participate (34.6 % compared to 19 % in
municipalities without plan) and to delegate responsibility to institutions (¥2 (2) = 16.61, p-value = 0.001) between groups.

Newspapers, radio, TV

Civil protection assodiations and volunteer fire brigades
Website of public bodies (municipality, province)
Internet (Google ecc.)

Social Media (Facebook, Twitter)

Friends and relatives

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Frequency %

W Municipalities With Plan W Municipalities Without Plan

Fig. 3. Information sources considered most trustworthy for receiving information about natural hazards (n = 1410, n_Municipalities with Plan =
1257, n_Municipalities without Plan = 153).
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Fig. 4. Perceived safety in case of a natural hazard event (n = 1410).

When asked about their past participation in the system for the prevention of risks from natural hazards, most respondents in both
groups reported no participation (46.4 % and 45 %). The question allowed for the selection of various measures, such as property
protection measures, civil protection exercises, and membership in relevant associations, with multiple options possible.

The data regarding the conditions under which individuals are willing to undertake protective measures for their homes reveal that
in municipalities with an approved plan, a significantly higher proportion of respondents’ express willingness to act if their neighbors
also take protective measures (see Table 6, multiple responses allowed).

Finally, given that our study seeks to improve natural hazard management and risk communication, we investigated which
measures, according to the respondents, could lead to these improvements. In all municipalities of our study the most indicated
measures are ,,improve the knowledge about risks” and ,,improve risk communication towards citizens”. Table 7 shows the differences
between the two groups in terms of the frequency of responses for various measures to improve the management of natural hazards
(multiple responses allowed, y2 (2) = 92.5, p-value = 0.001).

The results present a mixed picture of the impact of hazard plans on risk awareness, risk perception, and willingness of engagement.
Although awareness of hazard plans is higher in municipalities with a plan, uncertainty about the presence of a hazard plan remains
common in both groups. There is no consistent pattern of familiarity with existing technical mitigation measures. Our results show a
positive correlation between the presence of a hazard plan and the perceived importance of technical mitigation as well as the like-
lihood of being personally affected by natural hazard events. A higher proportion of residents in municipalities with a hazard plan are
willing to participate in risk reduction activities. These differences found between the two groups of municipalities are discussed
further below.

5. Discussion and conclusion

Hazard zone maps are an important component of risk management, with a long-standing tradition of being developed for various
natural hazards, scales, and methods depending on the context. A common characteristic of these maps is their creation by experts, and
they primarily serve as technical tools for risk prevention. However, there is growing recognition that raising awareness and involving
the public in risk management are increasingly important. In this regard, risk perception and risk communication play a significant role
in building risk awareness that can better prepare communities for natural hazard events. Previous studies have highlighted that the
current approaches to designing these maps, the language used, and the modes of communication often create a trade-off between
experts and non-experts [41-43]. At the same time, there is evidence of a public interest in learning and skill development [44]. Using
questionnaires in two groups of municipalities, one group with and one group without approved natural hazard plan, our study

Table 5
Involvement of citizens.
Variable Level Frequency Percent
Municipalities Yes 29 18.8a
Without Plan No, it is the responsibility of institutions 106 69.7a
Don’t know 18 11.5a
Municipalities Yes 435 34.6b
With Plan No, it is the responsibility of institutions 731 58.2b
Don’t know 91 7.2b
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Table 6
Conditions for undertaking mitigation measures for the own home.
Variable Level Frequency Percent
Municipalities Financial incentives 33 23a
Without Plan Better information on possible actions 56 39.1a
If neighbors do the same 12 8.7a
Others 42 29.2a
Municipalities Financial incentives 309 27.1a
With Plan Better information on possible actions 511 44.7a
If neighbors do the same 189 16.5b
Others 132 11.6a
Table 7
Activities to improve natural hazard management.
Variable Level Frequency Percent of cases
Municipalities Improve risk knowledge 52 34.3a
Without Plan Improve risk communication to citizens 53 34.7a
Build new or more robust technical mitigation measures 14 9.4a
Promote ecosystem solutions 23 15.0a
Create new emergency plans 5 3.3a
Introduce mandatory insurance 35 22.9a
Train local technicians and professionals 17 11.0a
Train citizens, families and schools 48 3l.4a
Don’t know 13 8.8a
Municipalities Improve risk knowledge 339 27.0a
With Plan Improve risk communication to citizens 356 28.3a
Build new or more robust technical mitigation measures 191 15.2a
Promote ecosystem solutions 279 22.2b
Create new emergency plans 101 8.0b
Introduce mandatory insurance 75 6.0b
Train local technicians and professionals 311 24.7b
Train citizens, families and schools 517 41.1b
Don’t know 100 8.0a

investigates the extent to which hazard zone plans influence public awareness of natural hazards, risk perception, and willingness to
act.

Regarding our first hypothesis that hazard zone plans have an impact on the public’s awareness related to natural hazards, our
findings indicate that public familiarity with natural hazards and hazard zone plans remains generally low. The presence of such plans,
coupled with isolated communication events, did not substantially improve public risk awareness. This limited impact can be
attributed to the predominantly technical nature of these events, which are often conducted by experts using specialized language and
presenting highly complex content [45,46]. To address this issue, it is essential to adapt the information and terminology to meet the
needs of non-expert audiences. Additionally, a comprehensive, multi-level strategy targeting diverse groups over a sustained period is
necessary to achieve meaningful knowledge dissemination and engagement. Continuous provision of information highlighting the
existence of risks and proposing appropriate preventive and protective measures can significantly contribute to behavioural change.
However, there is no one-size-fits-all strategy for risk communication and it must be tailored to the specific context and target audience
[47] and should include maps as well as text messages [20] and apply mixed media formats such as video, textual information, maps,
mobile apps [48].

Despite the limited effect on the knowledge of risk management tools, our results confirm our second hypothesis, as they show that
the presence of hazard zone plans significantly influences public risk perception, as shown in previous studies [20,49]. The visuali-
zation of hazard zones has a direct impact on individuals’ feelings of safety. It contributes to an increased need for protection and a
general feeling of insecurity, thereby reducing the subjective sense of security. Specifically, hazard maps play a crucial role in shaping
perceptions with their visual representations of risk often leading to heightened awareness but also to initial uncertainty and calls for
increased protective measures. These findings underscore the dual role of hazard zone maps: while they are effective tools for raising
awareness, they can also contribute to feelings of insecurity when risks are visually emphasized. At the same time, however, our results
show that they can also have a positive effect on the willingness of citizens to be more involved and take responsibility, which confirms
our third hypothesis. However, it is important to note that, while our data reveal differences in willingness to participate between the
two groups, the question used is not a direct or unbiased measure of personal commitment. The presence of the plan appears to
enhance awareness of the necessity for collective action. This active participation, however, requires clear and actionable strategies to
translate the initial willingness into concrete measures. It should be noted though, that the relation between knowledge concerning risk
management tools, risk awareness and risk perception with desired behavioral responses is complex and requires further work to
explore how this heightened awareness of the need for collective action can translate into behavioural change. We also acknowledge
that the observed effects may result not only from the visual impact of the map, but also from the context and framing of the
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information provided during the information events.

In this context, it is also important to highlight the differences observed in perceived probability of being affected by natural hazard
events at municipal level compared to personal level. Our findings show that respondents often perceive a higher probability of their
municipality being affected than of their own houses being affected. This is consistent with existing literature which has found that,
even when aware of risks from natural hazards, individuals tend to psychologically distance themselves [29,38,50]. Rather than
viewing themselves as potential contributors to mitigation efforts, many people delegate both the perceived risk and the responsibility
for action to institutions or society at large [51-53]. This delegation of responsibility can limit individuals’ engagement in risk
management, highlighting the need for more targeted communication strategies that emphasise individual agency.

Previous research has demonstrated that personal experience of natural hazards increases risk perception [51,52]. However, our
findings suggest that already the presence of a hazard zone plan, coupled with a public information event, can lead to an increase in
risk perception among the population. This highlights the potential effectiveness of well-designed public information events.
Furthermore, our findings highlight the critical importance of thoughtful planning and communication skills when organising such
events. Effectively translating technical information for non-expert audiences is a significant challenge, but is crucial for encouraging
informed and proactive responses to natural hazards [54].

We conclude that natural hazard maps are limited in their impact on the level of awareness of tools and measures of natural hazard
risk reduction of the population. While it can provoke and raise awareness in the short term, this effect alone is not sufficient to achieve
sustainable knowledge gains. Instead, it should be seen as the first step in a broader process that needs to be complemented by targeted
follow-up activities to ensure long-term effects. These could include ongoing educational initiatives, participatory formats or stronger
institutional support to deepen and sustain the momentum generated by the hazard zone plan. This need for comprehensive strategies
poses several challenges for public administrations such as allocating enough resources for disaster preparedness for example due to
the lack of political support and insufficient advocacy for disaster preparedness initiatives [55,56].

The introduction of the hazard zone plan should therefore be regarded as an initial step in a broader process of engagement. While it
successfully raises awareness and highlights the relevance of natural hazards at both individual and community levels, it does not
necessarily equip people with the knowledge about tools to act effectively. However, while the plan increases willingness to engage
and participate in risk mitigation efforts, it can also lead to a reduced sense of safety. This paradox presents an important opportunity:
the heightened engagement and awareness triggered by the hazard zone plan should be leveraged through follow-up activities and
initiatives. By linking the presence of the plan to sustained efforts, such as community education programs, participatory planning
processes, and ongoing public communication campaigns, we believe that it is possible to foster long-term changes in attitudes and
behaviors related to natural hazard management and therefore improve community preparedness.
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