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Abstract
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Economic losses caused by hydrological extremes, such as floods and droughts, are
exacerbating because of increased anthropogenic activities and global environmental changes.
Understanding how individuals and communities interact with hydrological extremes thus
becomes fundamental to develop effective strategies for disaster risk reduction. Risk perception
plays an important role in determining how individuals and communities respond to the
occurrence of an extreme event. This thesis aims at addressing aspects of risk perception that
remain largely unknown. They include: i) how flood risk perceptions change over time, ii) the
role of previous experiences, and iii) how the perception of flood risk relates to the perception of
other natural hazards, such as droughts. The work is based on survey data collected in different
study areas — both in Italy and Sweden at the local and national scales — via longitudinal as well
as cross-sectional approaches.

In relation to the three main objectives, this thesis found that: i) flood risk perceptions evolve
differently over time depending on social groups; ii) different types of previous experiences
with floods directly influence specific facets of risk perception, with knowledge deriving from
the experience also playing an important role; iii) flood risk perception is heavily intertwined
with drought risk perception. These results have policy and theoretical implications. Concerning
the former, they can inform disaster risk reduction efforts in terms of risk communication
and promote an integrated management of hydrological risk. As for the latter, they stress the
importance of taking social heterogeneity into account when modelling the interaction between
the social and the hydrological spheres, as this can influence the community’s response to
extreme events. Fostering human adaptation to climate extremes is a priority. This thesis argues
that adaptation can be achieved by promoting the awareness that not only are we at risk, but
also that we have the means to address the risk.
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Introduction

In medio stat virtus

The water environment and human societies have shaped each other since an-
cient times. People have relied on water not only for their basic needs, such as
nourishment and sanitation, but also for transportation, commerce, power pro-
duction, and recreation (Moran et al., 2018; Postel & Richter, 2003). In the
past, several societies thrived because of water. Because of the abundance of
water in Mesopotamia, for example, the Sumer could settle and commence
their revolutionary agricultural activities (Wilkinson, 2013). As a conse-
quence, the Fertile Crescent between present-day Egypt and the Middle East
is still considered the cradle of our civilisation. While water is essential for
life on Earth, its excess as well as its shortage can disrupt a fragile equilibrium.
The decline of the Maya civilization was partly attributed to water scarcity
(Aimers & Hodell, 2011), whereas the Cahokia urban settlements along the
Mississippi river disappeared because of intense flooding (Munoz et al.,
2015). Today, floods and droughts continue claiming lives and causing bil-
lions in damages worldwide (EM-DAT, 2021; World Meteorological
Organization, 2021), impacts that could be exacerbated by climate change and
the intensifying anthropogenic influence on water systems (Otto et al., 2018;
Viero et al., 2019).

The relationship between people and hydrological extremes is not a one-
way street. If a tree falls in a forest and no one is around to hear it, does it
make a sound? And if a flood occurs and no one is around to bear the conse-
quences, is it a disaster? By choosing to settle in proximity to water because
it offers favourable conditions for development, a community exposes itself
to a certain degree of flood risk. The magnitude of such risk depends on three
aspects: a) the frequency and intensity of flooding; b) how exposed the com-
munity is to flooding; ¢) how vulnerable the community is to flooding
(UNDRR, 2021). The community — depending on its means — has the power
to alter all these components. It can reduce the frequency of floods by building
a levee system; it can reduce its own exposure by moving further away from
the river; and it can reduce its vulnerability by adopting risk reduction
measures such as early warning systems, or by creating a support system for
vulnerable households and businesses. These are examples of how much hu-
man agency can shape the effects of flooding.
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When a flood event occurs, it unavoidably affects the community not only
in terms of damage to property and potential loss of human lives, but also in
terms of the affected individuals’ perceptions and attitudes towards the hazard
itself (Kofman-Bos et al., 2005). Some responses can be considered desirable:
the affected community can grow closer together and there can be an increase
in risk awareness. However, they can also be undesirable: increased fear may
lead to panic or there can be a decrease in trust in the local authorities and
institution because of the missed chance of protecting their citizens. The im-
portance of understanding how these perceptions change in the aftermath of
an event and how they evolve in the years after is twofold. On the one hand,
it can inform disaster risk reduction (DRR) efforts. For instance, knowing how
the community perceives the hazard and how this perception changes over
time can influence the choice of risk communication strategies, as well as the
individuals to be targeted, to prevent complacency while avoiding generating
panic (Erev et al., 2020). On the other hand, understanding risk perception is
essential for the conceptualisation of human-water systems and their feedback
mechanisms, and can shed light on potentially generalisable patterns (e.g. do
flood experiences increase risk awareness?).

The following sections serve as a brief background to this thesis by delving
deeper into the concept of risk perception, human-water interactions, and their
temporal dynamics.

Risk perception

Risk perception is a complex, albeit fundamental, piece of the bigger DRR
puzzle. One of its components in particular, risk awareness, plays a key role
in informing the decision-making process towards risk reduction. While not a
driver of adaptation behaviours per se, awareness can be seen as a conditio
sine qua non. In this regard, the Protection Motivation Theory (PMT, Rogers,
1983; Rogers & Prentice-Dunn, 1997) argues that the motivation to protect
oneself against the negative consequences of an event depends on two factors:
how we judge risk and how we judge our coping capacity. If a person is not
aware of being exposed to a risk, they will probably not even move to the next
step, which is assessing their coping capacity. Thus, while the lack of aware-
ness at the individual level may result in not adopting private protection
measures or not stipulating an insurance, at the community level it may hinder
the introduction of risk reduction policies. This could eventually result in po-
tentially higher exposure and/or vulnerability of certain groups, especially un-
der exacerbating hazard conditions.

Why then is it critical to know how people perceive risk? As mentioned
earlier, the occurrence of a natural hazard event (e.g. flooding) re-shapes the
way in which people perceive the hazard. Indeed, the event can disrupt the
balance within the community by exacerbating inequalities, by causing trauma
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related to death and the loss or damage of property, and by generally challeng-
ing the role of institutions and authorities responsible for the management of
risk. The influence of the hazard on the individual sphere is then shaped by
multiple objective and subjective factors such as previous experiences, hazard
knowledge, trust in authorities and institutions, preparedness, and socio-de-
mographic indicators such as age, gender, etc. (see Fig. 1). This, in turn,
shapes the way in which individuals and the community prepare for, and re-
spond to, potential future hazards. In the case of flooding, the affected com-
munity can decide to adopt structural as well as non-structural measures to
deal with flood risk. The former includes engineered measures such as the
construction of river levees to reduce flood frequency. The latter includes so-
lutions that do not alter the water flow, such as relocation, Early Warning Sys-
tems (EWSs) or risk communication campaigns. The choice of adopting one
or more of these risk reduction strategies eventually influences the hazard it-
self, both in terms of its frequency and of its intensity. As a result, this recip-
rocal influence evolves over time and is further affected by environmental
changes (additionally shaping the hazard’s frequency and intensity) and socio-
economic trends (additionally influencing the individual’s position within
their society)(Di Baldassarre et al., 2013). These feedback mechanisms be-
tween hazard and society are illustrated in Figure 1.

L m.OaC t

experience
preparedness
knowledge

trust

socio-demographics

Figure 1. The interplay between hydrological hazards and society (based on Di Bal-
dassarre et al. 2018).

When people judge risk, often they do not rely on a technical risk assessment,
but rather on intuitions (Slovic, 1987). These intuitions are driven by direct
and indirect experiences, socio-demographic and socio-economic characteris-
tics, as well as socio-psychological factors including, but not limited to,
awareness, knowledge, trust, and emotions. Within the flood risk literature,
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however, the role of some of these factors is rather debated. For example,
some studies found that experiencing a flood event increases our risk aware-
ness (Miceli et al., 2008; Siegrist et al., 2005; Terpstra, 2011), others found
the opposite (Halpern-Felsher et al., 2001), and others found no particular cor-
relation between experience and awareness (Scolobig et al., 2012; Whitmarsh,
2008). The confusion around the influence of experience arises from two main
factors: the quality of the experience, and the definition of experience. If
someone experiences a flood with minor consequences, they could underesti-
mate their exposure or vulnerability in the event of a subsequent future flood.
On the other hand, if the consequences were more severe, their awareness of
flood risk would likely increase (Wachinger et al., 2013). In addition to the
quality of experience itself, the way in which the variable is defined can lead
to further contrasts. Some studies prefer precise definitions — for example us-
ing damage severity as a proxy, or the number of times one’s residence was
flooded. Others adopt broader definitions, such as general previous experience
with floods (without qualifying its severity, Bradford et al., 2012; Comanescu
& Nedelea, 2016; Green et al., 1991; Lawrence et al., 2014; Qasim et al., 2015;
Wachinger & Renn, 2010), previous evacuation (which is not always an indi-
cator of having suffered damages too, Botzen et al., 2009; Bradford et al.,
2012; Bustillos Ardaya et al., 2017), or just witnessing a flood by being pre-
sent during the event (Bera & Dan¢k, 2018; Burningham et al., 2008; Fielding,
2012; Knuth et al., 2014; Santoro et al., 2019; Scolobig et al., 2012; Siegrist
et al., 2005). Other factors, such as gender, find more agreement across the
literature. Independently from the type of hazard, women tend to have a higher
risk awareness compared to men (see e.g. Cordellieri et al., 2016; Cvetkovi¢
et al., 2018; Galasso et al., 2020; Kim et al., 2018), who tend to show a higher
(perceived) coping capacity. This is often a combination of cultural and social
aspects, such as the relative power and social status that men hold in the ma-
jority of contexts, which can lead to higher sense of safety and security
(Finucane et al., 2010).

Knowledge is another factor which plays a critical role in risk perception.
Just as Dretske put it, “there is a difference between hearing Clyde play the
piano and seeing him play the piano” (1993), there is a difference between
imagining and experiencing a flood. Hearing about a flood that we have not
experienced directly can also affect our perception of risk, because visual cog-
nition helps us in learning and memorising (Cattaneo & Silvanto, 2015). This
visual cognition can be enhanced directly by either experiencing the event, or
indirectly by receiving information about floods (e.g. from the news, friends
and relatives, through risk communication campaigns, and so forth). The pro-
cessing of this information then creates knowledge. For this reason, the ma-
jority of studies operationalise knowledge as self-assessed knowledge
(Kellens et al., 2013; Slovic, 1999), as opposed to actual scientific knowledge
about the phenomenon (Botzen et al., 2009), which would be more difficult to
assess with a questionnaire survey. Understanding self-assessed knowledge is
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particularly relevant within disaster risk reduction, as those individuals with a
lower self-assessed knowledge have been found to be more keen in receiving
new information, compared to those with a higher self-assessed knowledge,
who feel they “know a lot” (Park et al., 1988).

Besides objective and subjective factors, subconscious cognitive processes
shape how we judge risk. Our brain regularly uses mental shortcuts, known as
heuristics, to make decisions under uncertainty (Tversky & Kahneman, 1974).
The availability heuristics, whereby a person judges the probability of an event
to occur based on the ease with which it comes to mind (first proposed by
Tversky and Kahneman, 1973), is particularly relevant when assessing disas-
ter risk. In fact, the ease with which something comes to our mind is not only
dictated by our first-hand experiences, but also by the media and by what we
are exposed to daily (which contributes to our self-assessed knowledge). Be-
sides, unconscious biases and preconceptions play a crucial role in our cogni-
tive processes. For instance, we usually tend to judge ourselves as less exposed
to, or less likely to experience a certain negative event, compared to others,
running into what is known as optimistic bias (Burger & Palmer, 1992;
Trumbo et al., 2014; Weinstein, 1989a, 1989b).

Finally, while individual perceptions are shaped by context-specific factors
and cognitive processes, global environmental and socio-economic trends do
also play a role in how people perceive risk, and how a certain threat is per-
ceived in relation to other threats. For example, in a changing climate, areas
that were traditionally exposed to floods may see an insurgence in the occur-
rence of drought (Giineralp et al., 2015), and vice-versa, potentially altering
residents’ perceptions and increasing the complexity of hydrological risk and
its management (Ward et al., 2020). Thus, people do not live in an environ-
mental and social vacuum, but in ever-changing socio-economic and climatic
conditions and, consequently, flood risk perception should be examined in a
broader context.

Temporal dynamics of risk perception

As perceptions are shaped and influenced by the surrounding environment and
personal experiences, not only do they differ among individuals, but each in-
dividual can exhibit different perceptions at different stages in time (Scolobig
et al., 2012). Uncovering how risk perception changes over time contributes
to our understanding of how people think about risk, and eventually how they
address it. Within the flood risk domain, revealing if, how, and for whom risk
perceptions change over time has practical as well as theoretical implications.
On the one hand, it can inform DRR efforts in terms of risk communication.
Policymakers will have the chance to know if there are particular groups to be
targeted and what their characteristics are, as perceptions may change differ-
ently for different people. They could also be provided with information on
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when it is the best time for an effective risk communication campaign and
whether there are windows of opportunity to take advantage of in the after-
math of a flood. On the other hand, risk perception dynamics can be employed
in the theorisation of human-water interactions, not only qualitatively, but also
quantitatively through the parametrisation of sociohydrological and socio-
ecological models.

As such, there is a growing interest in longitudinal studies that follow the
evolution of risk perceptions (Bubeck et al., 2020; Hudson et al., 2020;
Siegrist, 2013, 2014; Sivapalan, 2015). Before this PhD work was conceived,
only a handful of studies explored the evolution of flood risk perception over
time, either as main or as secondary focus (Kreibich et al., 2011; Salvati et al.,
2014; Terpstra et al., 2009). Over the past four years, there have been addi-
tional efforts in trying to understand how these complex dynamics evolve
(Bodoque et al., 2019; Bubeck et al., 2020; Seebauer & Babcicky, 2020). All
these studies follow various designs, in terms of the type of longitudinal ap-
proach, timing of the survey rounds, as well as sampling methodology and
survey administration. The majority of studies are based on panel datasets
(where the same individuals are interviewed in different survey rounds), and
two rely on repeated-cross sectional datasets (different individuals at each
survey round, Kreibich et al., 2011; Salvati et al., 2014). Some studies follow
a pre-post risk communication design (Bodoque et al., 2019; Charriére et al.,
2017; Terpstra et al., 2009), where respondents are surveyed before and after
participating to risk communication activities. Others follow a post-event de-
sign (Bubeck et al., 2020; Kreibich et al., 2011), where respondents are sur-
veyed right after a flood and then a few months/years later. Others do not focus
on any particular event or risk communication campaign (Salvati et al., 2014;
Seebauer & Babcicky, 2020). The sampling methodology varies widely across
these studies. Salvati et al. (2014) adopted a sample representative at the na-
tional scale, Kreibich et al. (2011) a building-specific random sampling,
Seebauer and Babcicky (2020) and Charricre et al. (2017) a random sample,
Bodoque et al. (2019) a quota sampling, Bubeck et al. (2020) sampled only
individuals who were affected by the flood they examined, and Terpstra et al.
(2009) surveyed residents who ran for a position in the province’s Water
Board. Most of the time, surveys were conducted through CATI (Computer-
Assisted Telephone Interview) systems (Bubeck et al., 2020; Kreibich et al.,
2011; Salvati et al., 2014), while Bodoque et al. (2019) administered them
face-to-face, and Seebauer and Babcicky (2020) via post and online. The re-
sults in terms of risk awareness dynamics are contrasting, which could par-
tially be attributed to the heterogeneity of the study designs. Some of the au-
thors found an increase in risk awareness over time (Charricre et al., 2017;
Kreibich et al., 2011), some a decrease (Salvati et al., 2014), some an increase
in perceived probability but no change in perceived impacts (Bubeck et al.,
2020), and some no change at all (Bodoque et al., 2019; Seebauer & Babcicky,
2020; Terpstra et al., 2009).
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Other studies within the flood risk domain adopted a longitudinal approach,
but they did not investigate, or do not report results concerning changes in risk
perception (Calvo et al., 2015; Fay-Ramirez et al., 2015; Fothergill, 2003;
Ginexi et al., 2000; Hudson et al., 2020; Kaniasty & Norris, 2008; Lin et al.,
2017; Osberghaus, 2017; Osberghaus & Hinrichs, 2020). The investigation of
risk perception dynamics is thus rather scarce, and consequently there remains
uncertainty around general trends.
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Aim of the thesis

The scarcity of longitudinal studies on risk perception within the flood risk
domain, the limited knowledge about the role of experience, and the need to
contextualise the perception of flood risk have implications for DRR as well
as for the study of human-water systems. As mentioned in the previous sec-
tions, knowing how the perception of risk evolves over time and across differ-
ent social groups and understanding the role of experience in shaping such
perception constitute foundational blocks for the development of effective
DRR strategies. Indeed, this can support and inform policymakers not only on
groups that should be targeted, but also, for instance, on the timing and content
of risk communication campaigns. DRR strategies may also benefit from a
broader contextualisation of flood risk perception, as it would provide a better
understanding of the salience of flood risk in comparison to other hazards.
This can eventually inform on if and how certain risk reduction measures
would be received. When it comes to the conceptualisation of human-water
interactions, there is a need to further our understanding of general trends in
terms of feedback mechanisms. Longitudinal survey data here has a funda-
mental role as well, in that it allows for exploring causality among factors.
These factors, such as previous experience with the event and knowledge
about risk, may not only shape risk perception at the time of the occurrence,
but potentially also how perceptions changes in the months and years after.

In light of the above, this thesis sets out to reach three main objectives:

Understanding how hydrological risk perceptions change over time

b. Untangling the complex role of experience and its relation to
knowledge in risk perception

c. Setting flood risk perception in a broader context by exploring its
relationship with the perception of drought risk

20



Methodology

The diversity of this thesis’ objectives entailed the adoption of a range of dif-
ferent methods over five case studies, both at the local and at the national scale
(see Fig. 2). A questionnaire survey was at the basis of every approach pre-
sented here, but the way it was administered, to whom, and when varied de-
pending on the specific goal. The survey was chosen as main tool because it
allows to collect large amounts of data in a relatively short timeframe and is
thus suitable to assay larger populations (e.g. residents in a particular town or
even country). Additionally, with surveys, the researcher can standardise the
way in which variables are described so that each person in the study is pre-
sented with the same question. This is fundamental when the studied popula-
tion is large, and it is suitable when the goal is to assess e.g., how certain
variables change over time (as the same question can be maintained through-
out survey rounds). It also allows to standardise the answers to most of the
questions so that they can be put in relation to each other. The surveys con-
ducted in this thesis include, for the majority of the variables, close-ended
questions where the respondent can choose an answer either from different
categories or on a scale where only the extremes are assigned a value (e.g.
from a minimum of 1 to a maximum of 5, with 1-step increments in between).
In this sense, while the absolute value chosen is dependent on the value as-
signed to the extremes of the scale (a prerogative of the researcher) and is not
informative per se, when put in relation to the responses given by other re-
spondents it becomes informative of the dynamics within the sample, and to a
greater extent within the studied community.

The following sections present the methodology followed to address each ob-

jective and ends with some reflections on the limitations of the different ap-
proaches, and more broadly of the study design.
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Figure 2. Location of the five case-study areas. Paper I focused on Vermiglio and
Romagnano, two municipalities in the Autonomous Province of Trento, Italy. Papers
IT and III focused on Negrar, a municipality in the Province of Verona, Veneto re-
gion, Italy. Papers IV and V focused on Italy and Sweden at the national level, and
data in the two countries were aggregated according to the NUTS] statistical macro-
regions (North, Centre, and South in Italy; North, East, and South in Sweden).
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Longitudinal surveys to explore changes in flood risk
perception

To investigate how flood risk perception evolves over time, this thesis follows
two different longitudinal approaches: repeated cross-sectional (RCS, Papers
I and II) and panel (Paper II) in three local case studies. Longitudinal survey
methods allow to follow the evolution of variables by assessing their value at
multiple points in time. The difference between these two methodologies lays
in the sampling procedure, but this has implications in terms of transferability
of results and potential for statistical analyses. RCS means that at each round,
the survey is administered to an entirely new set of individuals. Thus, changes
can be explored only on average over the entire sample or by group (e.g. by
gender, age, etc.). On the contrary, when following the panel approach, at each
round the survey is administered to the same respondents, allowing to follow
individuals over time. When selecting one longitudinal approach over the
other, few critical factors should drive the choice, including the nature of the
studied population, attrition rate, time between survey rounds, theory-testing,
statistical power, and time- and cost-effectiveness. While populations change
to some extent everywhere, some populations are more static than others,
meaning that they change at a lower rate (Yee & Niemeier, 1996). In smaller,
provincial areas the population composition is rather static compared to that
of bigger urban conglomerates, which regularly experience a high residents’
turnover. In this latter scenario, an RCS approach would be better fitted, as the
independent samples created during each survey round would be an updated
version of the current population composition.

By only including the individuals sampled initially, the panel approach has
the issue of attrition rate, i.e. the percentage of respondents dropping out of
the study in the second (or the following) survey round. High attrition rates
may result in attrition bias when the respondents do not drop out at random
(i.e. they all share some common characteristics), or even in retention bias
(i.e. the sample size becomes too small to conduct any statistical analysis)
(Hudson et al., 2020). Thus, an RCS approach — which does not have attrition
issues — may also be more appropriate when a lot of time passes between sur-
vey rounds, as the risk of people dropping out is higher over time (Hudson et
al. 2020), while a panel approach has higher chances of performing better over
shorter time spans. An RCS approach may also be more reasonable when the
initial sample is small, as the loss of respondents that may happen with a panel
approach can hinder the reliability of the analysis.

These arguments have implications in terms of transferability of results.
Results from RCS studies are more likely to be transferable to other areas with
similar socio-economic, socio-cultural, and demographic contexts, as they are
not relating to specific individuals. Results from panel studies, on the other
hand, may be more dependent on (or even unique to) the specific sampled
individuals.
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Concretely, available resources often constrain the choice to adopt a certain
longitudinal approach over another. For instance, an RCS is a more cost-ef-
fective alternative to a panel approach, as there is no need to spend time and
other resources to keep respondents in the panel, and especially no need to
store respondents’ sensitive data (such as telephone numbers or addresses) as
they will not be needed in the following survey rounds.

In this thesis, Paper I follows an RCS approach for two reasons: a) it was
not possible to retrace the residents who participated in the first survey; and
b) the initial sample size was rather small (N = 100) in both case studies, so
an RCS approach was deemed better to avoid even smaller sample sizes in the
second survey round. In Paper II, both an RCS and a panel study were con-
ducted starting from the same initial sample, and their respective results com-
pared. This design was conceived to explore potential differences between re-
sults from the two approaches.

Local case studies

Three municipalities in North-Eastern Italy served as case studies to address
how flood risk perception changes over time. Figure 3 shows the timeframe
of events and the year when each survey was conducted.

2000 2002

Flood in Vermiglio Flood in Vermiglio
and Romagnano

[ £ 2018 2019 2020
[ ] ] [
Flood in Negrar E

Figure 3. Timeframe of flood events and survey rounds.

2005
®

Paper I is based on the municipalities of Vermiglio and Romagnano, located
in the Autonomous Province of Trento (see Fig. 2), which were both hit by a
debris flow in the beginning of the 2000s. These two municipalities were se-
lected because they both saw the occurrence of an event followed by no other
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event up to the time of the second survey. This is an optimal condition to ex-
plore how risk perception changes in the absence of other extreme events.
Vermiglio, an alpine municipality in the Val di Sole, suffered two debris
flows, one in 2000 and a second one in 2002. Romagnano, an urban settlement
in the outskirts of Trento, suffered a debris flow' in 2000. The three events did
not result in any casualties, but in 2000 roughly 500 people were evacuated in
Romagnano and the second event in Vermiglio destroyed a check dam built
after the 2000 debris flow. In 2005, 3 to 5 years after the last event, De Marchi
etal. (2007) surveyed the residents to investigate potential links between flood
risk awareness and preparedness. In September 2018, the residents of the two
municipalities were surveyed again.

Paper 11 is based on the municipality of Negrar, located in the Veneto re-
gion (see Fig. 2). This municipality was selected because the last flood event
dates back to 1935, and no other extreme event occurred up until 2018, when
in September a severe flash flood hit the small town. The event was thus con-
sidered extraordinary because the large majority of residents never experi-
enced something similar before. No casualties were registered, but the event
resulted in 10 million € in damages and 3000 affected people. Residents were
surveyed in February 2019, six months after the event, and again one year
later, in February 2020. Here too, no event occurred between the two survey
rounds, but the municipality began the construction of a flood diversion canal
which was underway at the time of the second survey. The local authorities
also organised a number of events to inform the residents about various as-
pects of the 2018 flood. These include a) one event where a local meteorolog-
ical organisation explained the dynamics of the flood from a meteorological
and hydrological point of view and b) one event where a co-author of Paper
II presented the results from the first survey round.

Data collection — Face-to-face surveys, longitudinal approach

Before each survey round (i.e. in 2005 and 2018 in Vermiglio and Romagnano
and in 2019 and 2020 in Negrar), local authorities were contacted and a meet-
ing with the mayor was planned to discuss the research activities. The munic-
ipalities then independently provided a short list of residents that were willing
to be interviewed, together with their contact details (this did not happen when
residents were surveyed in Vermiglio and Romagnano the first time by De
Marchi et al. 2007). These individuals therefore knew beforehand that they
would have been contacted by one of the interviewers. While this was never
mandatory, it was a fundamental step to establish trust in the different com-
munities and facilitate the interviewing process.

! From here on, these three debris flows will be referred to as floods for simplicity.

25



In all three areas, in the first survey round (i.e. 2005 in Vermiglio and Ro-
magnano and 2019 in Negrar) residents were sampled following a stratified
sampling based on quotas (Stockemer, 2019), representative of the local pop-
ulation in terms of age and gender. In addition to the first contacts list, each
interviewer was thus provided with a grid showing how many women and men
should be interviewed in each age category. The interviewers started off by
contacting the residents on the list provided by the municipality. To maximise
randomisation, each interviewer was then assigned a group of streets and was
instructed to contact each household in every assigned street. This approach
was only possible thanks to the small size of the three study areas. The unit of
analysis was the individual, and interviewers were instructed to interview only
one person per household and to administer the survey questionnaire face-to-
face. All interviewees were informed of the fact that their responses would be
kept anonymous at all times.

In the second round of surveys (i.e. 2018 in Vermiglio and Romagnano and
2020 in Negrar), data was collected differently depending on the longitudinal
approach adopted. In Vermiglio and Romagnano the approach was repeated
cross-sectional (Paper I). Here, the second data collection involved only res-
idents who did not fill in the questionnaire the first time. The sampling proce-
dure was therefore the one described before. In Negrar, two approaches were
followed in parallel and compared (Paper II): repeated cross-sectional and
panel. As with Vermiglio and Romagnano, the data collection for the repeated
cross-sectional approach involved only those residents who were not inter-
viewed in the first round (and thus followed the same methodology described
before). For the panel approach, data collection involved only those residents
who were interviewed in the first round and who agreed to be contacted and
interviewed again. Table 1 shows the summary statistics for each sample.

Table 1. Summary statistics for the samples of Vermiglio, Romagnano, and Negrar.

Sample Year N Age Gender %
M SD Min  Max  Female Male
. 2005 100 46.1 17.9 19 85 54.0 46.0
Vermiglio
2018 122 504 17.8 18 91 51.6 48.4
2005 100 478 16.9 18 85 55.0 45.0
Romagnano
2018 135 50.0 17.5 18 93 52.6 474
2019 146 534 18.0 20 89 52.7 473
Negrar 2020 RCS* 150  52.0 18.6 19 88 50.0 50.0
2020 P* 84 53.9 15.7 23 82 50.0 50.0

* RCS = Repeated Cross-Sectional; P = Panel
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Examined variables and data analysis

Table 2 shows the main variables employed to investigate risk perception, re-
lated questions, and available answers. Here, risk perception includes varia-
bles measuring the respondent’s risk awareness and variables measuring the
respondent’s perceived preparedness. If an individual has high risk awareness
but also high perceived preparedness, their risk perception may actually be
rather low. Thus, adding the perceived preparedness dimension allows to ex-
pand the conceptualisation of risk perception. Unless Table 2 specifies other-
wise, for the sake of standardisation and comparability the questions asked
were identical in every study area and in every survey round. Note that the
questions were originally asked in Italian, while Table 2 reports the English

translation.

Table 2. Variables used to investigate flood risk perception, related questions, and

available answers.
Variable

General safety

Risk awareness

Perceived threat to
self

Perceived threat to
home

Perceived threat to
town as a whole

Perceived likelihood *

Flood impact

Damage severity '
Expected future dam-
age T

Knowledge

From local sources

Question

To what extend does living
here in this town make you
feel safe?

To what extent do you think
floods represent a threat to
yourself personally?

To what extent do you think
floods represent a threat to
your home?

To what extent do you think
floods represent a threat to
the town as a whole?

Do you think floods could oc-
cur again here in the future?

How severe was the damage
you experienced during the
2018 flood?

How much damage do you
think a potential future flood
could cause to your home?

To what extent did knowledge
from relatives and friends
contribute to your knowledge
about floods?

Auvailable answers”

On a scale from 1, “Minimal
safety” to 5, “Maximum
safety”, or “I don’t know”

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”, or
“I don’t know”

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”, or
“I don’t know”

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”, or
“I don’t know”

“Yes”, “No”
“I don’t know”

On a scale from 1, “No dam-
age” to 5, “Serious damage”, or
“I don’t know”

On a scale from 1, “No dam-
age” to 5, “Serious damage”, or
“I don’t know”

On a scale from 1, “No contri-
bution” to 5, “Great contribu-
tion”, or “I don’t know”
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From official infor-
mation

About structural flood
protection

To what extent did official in-
formation contribute to your
knowledge about floods?

Do you know of any struc-
tural flood protection in this
area?

Trust in local administration

On risk

communication T

On structural flood
protection T

Preparedness

Individual prepared-
ness

Community prepared-
ness

Should flood risk change in
my area, the administration
would inform me.

1 trust the local administra-
tion when it comes to struc-
tural flood protection.

How prepared do you think
you are to face a flood in case
it would occur?

How prepared do you think
your town is to face a flood in
case it would occur?

On a scale from 1, “No contri-
bution” to 5, “Great contribu-
tion”, or “I don’t know”

“Yes”, “No”
“I don’t know”

On a scale from 1, “Completely
disagree” to 5, “Completely
agree”, or “I don’t know”

On a scale from 1, “Completely
disagree” to 5, “Completely
agree”, or “I don’t know”

On a scale from 1, “Not at all
prepared” to 5, “Highly pre-
pared”, or “I don’t know”
On a scale from 1, “Not at all
prepared” to 5, “Highly pre-
pared”, or “I don’t know”

* “I don’t know” answers were categorized as N4 and excluded from the analysis
 asked only in Vermiglio and Romagnano (Paper I)
1 asked only in Negrar (Paper )

As shown in Table 2, the majority of the examined variables are either ordinal
or dichotomous. The main challenge in analysing this type of data lies on the
non-parametric nature of the statistical tests and models to be used. Ordinal
data such as scales (e.g. from 1, min to 5, max) can often have error structures
that are not normally distributed, and thus violate assumptions of the most
common parametric statistics (e.g. of linear regressions).

Here, different tests and models were used to longitudinally analyse ordinal
and dichotomous data in the two papers. In Paper I, differences over time
were explored using Chi-square contingency table tests. This test allows to
check whether distributions of categorical variables (such as ordinal and di-
chotomous, in this case) differ from each other, and thus whether respondents
at time 2 (£2) replied differently from respondents at time 1 (¢1) (i.e. high X?
value). The influence of independent variables on risk perception was ex-
plored through Spearman’s rank correlations, a type of correlation test appro-
priate for ordinal data, which assesses whether the relationship between two
variables can be described using a monotonic function (i.e. a function that
never decreases or never increases, depending on the direction). If the coeffi-
cient p (Spearman’s rho) is equal to 1 (—1), then there is a perfect positive
(negative) correlation between the two variables.
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In Paper 11, ordinal regressions were used to test both the effect of time
and the effect of other independent variables on flood risk perception. Here,
two analyses were run in parallel, one on the RCS dataset and one on the panel
dataset. For the RCS, ordinal regressions were run through cumulative link
models (CLMs, Christensen, 2019), which treat the observations as categori-
cal and ordered in nature. The panel analysis was conducted using cumulative
link mixed models (CLMMs, Christensen, 2019), which additionally allow the
introduction of random effects for dealing with repeated measures (i.e. when
one or more identical measurement are taken on the same individual — in this
case, asking the same question two or more times to the same individual). In
addition to exploring changes over time over the entire sample, here respond-
ents were grouped according to the amount of damage they suffered during
the 2018 flood (a proxy for severity of experience) and gender, to explore
whether these two factors influenced the evolution of flood risk perception.
Results from the RCS and the panel analyses were then qualitatively compared
to check differences in impact and impact direction of time.

Cross-sectional survey to untangle the role of
experience and knowledge

As pointed out in the introduction, the unclear effect of experience on the per-
ception of flood risk may partly result from the multiple definitions assigned
both to the word experience itself and to flood risk perception. Some studies
found that experience positively affects risk awareness, some found that it
negatively affects it, and others did not find any or an unclear influence. In
addition, it is critical to understand how self-assessed knowledge derived from
direct experience and from other sources affects risk awareness. This is espe-
cially relevant in light of the fact that individuals with a lower self-assessed
knowledge have been shown to be keener to receive new information, which
has implications in terms of risk communication. Thus, to untangle the confu-
sion in the literature, Paper III broke down the concepts of experience and
perception by testing the effect that one has on the other under different defi-
nitions. Experience was then put in relation to different sources of knowledge
to investigate whether some sources have more impact than others.

Data collection — Face-to-face survey, cross-sectional approach

The analysis relies on data collected during the first survey round in Negrar,
which has been described previously (see Negrar 2019 in Table 1 for summary
statistics on the sample). For this objective, the choice fell on a cross-sectional
approach, which means that only one round of surveys was conducted. Cross-
sectional studies are rather versatile in that they are resource-friendly (only
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one recruitment of respondents needed) and there is no risk of losing respond-
ents over time because data are collected in one survey round only. For this
reason, they are better suited to explore how prevalent certain factors or be-
haviours are in a population (Sedgwick, 2014), but they don’t allow to explore
causation. In fact, a cross-sectional approach is not recommended when in-
vestigating changes over time or when inferring causality, because the absence
of the temporal dimension could even lead to misleading results (as briefly
exemplified by Siegrist, 2013). In this case, however, the goal was to break
down the different types and definitions of experience, knowledge, and risk
perception to see whether these were the cause of confusion around their in-
teractions, and not to investigate how they shape the perception of flood risk
over time.

Examined variables and data analysis

Table 3 shows the four definitions of experience and five definitions of
knowledge that were tested. The variables used to test experience range from
more general definitions, such as length of residence in the area, to more spe-
cific ones, such as damage severity. This approach allows to test how much
the variable choice influences the final result in terms of effect on risk percep-
tion. The variables to test self-assessed knowledge include knowledge derived
from directly experiencing a flood, from local sources such as relative and
friends (local knowledge), from official information (e.g. from the municipal-
ity, local authorities, the government, etc.), and from personal searches of in-
formation (e.g. internet, libraries, etc.). Threat appraisal before the event was
also included under the knowledge variables. The variables used to test risk
perception include perceived flood threat to oneself, one’s home, and the town
as whole, and expected future damage from floods (see Table 2 for infor-
mation on their relative questions and available answers).

Table 3. Variables used to investigate experience and knowledge, related questions,
and available answers.

Variable Question Available answers”
Experience

Length of resi- How long have you been living Since birth; Since (year)
dence here?

Presence during Were you present during the 2018 “Yes”, “No”
the 2018 event** event?

Previous flood ex-  Were you ever involved in a similar ~ “Yes”, “No”
perience event in the past, here or else-
where?
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Damage severity

Knowledge

From direct expe-
rience

From local
sources

From official in-
formation

Personal research
of information

Threat appraisal
before the event

How severe was the damage you
experienced during the 2018 flood?

How much did direct experience
with the event contribute to your
knowledge of floods?

How much did information passed
on by others (parents, relatives,

friends, etc.) contribute to your

knowledge of floods?

How much did official information
contribute to your knowledge of

floods?

How much did your personal re-
search for information contribute to
your knowledge of floods?

Before the 2018 event, did you think
something like this could occur

On a scale from 1, “No dam-
age” to 5, “Serious damage”,
or “I don’t know”

On a scale from 1, “No con-
tribution” to 5, “Great contri-
bution”, or “I don’t know”

On a scale from 1, “No con-
tribution” to 5, “Great contri-
bution”, or “I don’t know”

On a scale from 1, “No con-
tribution” to 5, “Great contri-
bution”, or “I don’t know”

On a scale from 1, “No con-
tribution” to 5, “Great contri-
bution”, or “I don’t know”

“YGS”, “No”

here? 1 don’t know

* “I don’t know” answers were categorized as N4 and excluded from the analysis
** Flood occurred on September 1%, 2018 in Negrar, Veneto region, Italy

As in Paper I1, the statistical analysis was here conducted through single or-
dinal regressions (using CLMs) and thus the p-values were Hochberg-adjusted
for multiple testing. The choice fell on single (as opposed to multiple) regres-
sions because the goal here was not to find a good model fit to predict flood
risk perceptions, but rather to test how different definitions of experience and
sources of knowledge influence flood risk perception.

Nation-wide surveys to examine the relationship
between floods and droughts

As mentioned in the introduction, under changing climate and environmental
conditions it is critical to set the perception of flood risk in a broader context.
People’s perceptions of a hazard are not only driven by factors immediately
related to the hazard itself and the individual’s characteristics, but they are
also shaped by the environment the people are in — including other natural
hazards. Because this thesis is focusing on hydrological risk, flood risk per-
ception here is put in relationship with the perception of drought, another wa-
ter-related hazard. To investigate this relationship, it was crucial to survey a
large area that spans across different climatic zones, as drought is a phenom-
enon with a much larger spatial distribution compared to floods (which are
generally more locally confined). This also allows for comparing hydrological
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risk perceptions across areas that have different history and experiences with
hydrological extremes. Here too, the choice fell on a cross-sectional approach
(Paper V), as the purpose was not to assess how flood and drought risk per-
ceptions evolve together over time. While this would be a relevant research
question and is currently being considered as a future endeavour, the time
frame of this thesis would have not allowed for exploring changes over time
of a slow onset phenomenon such as drought.

National case studies

Two countries were selected as case studies, Italy and Sweden. This choice
was driven by two main factors: a) the different climatic conditions of the two
countries, which — incidentally — are projected to change significantly in the
next decades, and b) the availability of flood and drought risk perception data
at the national scale (Paper 1V).

Floods are one of the major natural hazards in both countries (Nadim et al.,
2008). They occur every year and cause damage across all regions
(Boessenkool, 2017; EM-DAT, 2021; MSB, 2021), and they are projected to
increase in both countries in the next decades. Sweden will see an increase in
extreme precipitation events (SMHI, 2021) and rise from a “very low” to a
“medium” flood hazard, while Italy will rise from a “medium” to a “very high”
flood hazard in the time period 2071-2100 (Hosseinzadehtalaei et al., 2020).

Concerning droughts, the picture is rather different in the two countries.
Even though its central regions were affected by a severe groundwater drought
in 2018 (Regeringskansliet, 2018), Sweden will likely see a decline in drought
occurrence, as the rest of Northern Europe (Markonis et al., 2021). Italy’s
southern regions were affected by three major droughts, in 2007, 2012, and
2017 (EM-DAT, 2021), and climate projections for the country show increas-
ing temperature and decreasing precipitations (SMHI, 2021). This will likely
entail an increase in drought risk in the Italian peninsula, considering that
droughts in Southern Europe are mainly driven by lack of precipitation
(Markonis et al., 2021),.

Data collection — Online surveys, cross-sectional approach

The data were collected in August 2020 through an online survey. Paper IV
reports detailed information on survey administration and design, and ethical
approval, thus this section only reports the main aspects. KANTAR Sifo, a
Swedish marketing research company (KANTAR Sifo, 2021), was in charge
of collecting the data. The company has online survey panels in both Sweden
and Italy, comprising of ~100,000 individuals each. Respondents were drawn
at random from these two panels to be representative of the population in
terms of age, gender, and region of residence. Whenever they fill in a survey,
panellists earn points that can be turned into various types of rewards (e.g.
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movie tickets, or gift cards). The panellists were contacted via e-mail, and up
to two reminders were sent during the survey period if they did not respond
the first time. Table 4 presents summary statistics for the two samples.

Table 4. Summary statistics for the samples of Italy and Sweden.

Sample Year N Age Gender %
M SD Min Max  Female  Male

Ttaly 2020 2033 49.0 139 18 79 55.6 444

Sweden 2020 2121 49.6 15.9 18 79 49.3 50.7

Examined variables and data analysis

To investigate potential differences in flood versus drought risk, respondents
were assessed on five domains: perceived likelihood, perceived impact, per-
ceived knowledge, perceived preparedness, and individual experience with
the hazard. Table 5 shows all the variables with the respective questions and
available answers. Differences within and across the two countries and the
respective NUTS1 (Classification of Territorial Units for Statistics) regions
were investigated through ordinal regressions (using CLMs).

Table 5. Variables used to investigate experience and knowledge, related questions,

and available answers.

Variable
Likelihood

Impact
On respondent

On other peo-
ple in the
country

Preparedness
Of respondent

Of authorities
in the country

Knowledge

Question

How likely do you think it is that you
are directly involved in the following
phenomena*?

In case you are involved, how much
damage do you think the following
phenomena” can cause to yourself?

In case they would occur in [coun-
try**], how much damage do you think
the following phenomena” can cause
to others in the country?

How prepared do you think you are to
face the following phenomena*?

How prepared do you think the re-
sponsible authorities in [country™] are
to face the following phenomena?

Available answers

On a scale from 1, “Very un-
likely” to 5, “Very likely”, or “I
don’t know”

On a scale from 1, “No dam-
age” to 5, “Severe damage”, or
“I don’t know”

On a scale from 1, “No dam-
age” to 5, “Severe damage”, or
“I don’t know”

On a scale from 1, “Not at all
prepared” to 5, “Highly pre-
pared”, or “I don’t know”

On a scale from 1, “Not at all

prepared” to 5, “Highly pre-
pared”, or “I don’t know”

33



Of respondent How knowledgeable are you about the ~ On a scale from 1, “Not at all

following phenomena? knowledgeable” to 5, “Highly
knowledgeable”, or “T don’t
know”

Of authorities =~ How knowledgeable do you think the ~ On a scale from 1, “Not at all
in the country  responsible authorities in [country™] knowledgeable” to 5, “Highly
are about the following phenomena™?  knowledgeable”, or “I don’t

know”
Experience
Have you ever experienced any of the ~ “Yes”, “No”, or “I don’t know”
following phenomena*, in your coun-
try or abroad?

¥

Floods, droughts
** Ttaly, Sweden

The different survey forms can be found in the Appendices. Appendix Al
contains the survey related to Paper 1, appendix A2 the one related to Paper
II, Appendix A3 the one related to Paper 111, and Appendix A4 the one re-
lated to Papers IV and V. Each survey form collected socio-demographic in-
dicators such as age, gender, education, and income. Some of the questions in
Al, A2, and A3 are based on De Marchi et al. (2007).

Limitations of the different approaches and study design

While the approaches described above have been selected to suitably address
the various research objectives, some limitations remain.

Statistical analyses in Papers I, II and III are all based on relatively small
sample sizes. This is due to two main factors: i) the small size of the case study
areas themselves, and ii) the available resources and time to administer the
survey forms face-to-face. This can eventually lead to issues in the longitudi-
nal approach. As previously mentioned, loss of respondents over time (attri-
tion rate) in panel studies is a well-known and common issue (Hudson et al.,
2020). Attrition rate can then lead to attrition bias if respondents do not drop
out at random, and even to refention bias when attrition rates are so high that
they hinder the statistical analysis. Here, this was accounted for by conducting
an Inversed Probability of Attrition Weighing (IPAW, Hernan & Robins,
2020), a method that assigns a heavier weight to the respondents who share
similar characteristics with those who dropped out after the first survey round,
thus compensating for the loss of respondents. However, a comparison of the
results with and without weighing showed that differences were negligible,
thus the results section shows and discusses the analysis without IPAWs (as it
minimises post-hoc data manipulation).
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The survey at the basis of Papers IV and V did not retrieve detailed infor-
mation on the respondents in terms of structural and non-structural protection
measures adopted by their household, which can affect their perception of risk.
Similarly, no data on specific, small-scale flood or drought events which oc-
curred in the respondent’s specific area were collected, and these can also af-
fect the respondent’s answers to the survey. Besides, this survey was admin-
istered during the COVID-19 pandemic, which was and potentially still is
dominating the public attention. While this may have biased the absolute val-
ues assigned to floods and droughts in terms of risk perception, their relative
values (i.e. how they compare to each other) are expected to be unaltered.
Adding the temporal dimension to this dataset would help untangle these dy-
namics and assess whether the COVID-19 pandemic actually influenced the
way in which respondents replied to the questions regarding floods and
droughts.

Finally, the studies presented in this thesis were all conducted in industrial-
ised, white-majority countries with generally favourable socio-economic con-
ditions. Results may not be directly transferrable to, and may not be valid for
different socio-economic and socio-cultural contexts.
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Main findings

This section reports the findings associated with the three different objectives.
Because each paper aimed at answering its own specific research question(s),
only the main results will be discussed here.

[llusory stability of flood risk perception over time

The first objective of this thesis was to unravel how flood risk perception
evolves over time, where risk perception is defined as a combination of risk
awareness and perceived preparedness. On average, the three case studies
show a relatively stable flood risk awareness over time (see Fig. 4 and Papers
I and II), with few significant changes. The perceived threat to oneself is sta-
ble over time across study areas, and this may be attributed to the lack of cas-
ualties in the flood events examined. Indeed, the fortunate lack of harm to
people may have led respondents to feel rather reassured about their own per-
sonal safety. Respondents in all three case studies and in both survey rounds
show a rather strong optimistic bias, as scores given to the perceived threat to
the town as a whole are always higher than those given to the perceived threat
to oneself or one’s home (see Fig. 4).

The threat to the respondent’s home decreased significantly only in Vermi-
glio (Paper I) and in Negrar (but only in the RCS dataset, Paper II), the two
places where the municipality underwent large structural protection works af-
ter the respective events (large check-dam in Vermiglio and diversion channel
in Negrar), which may have contributed to an increased feeling of safety. This
phenomenon is commonly known as levee effect or safe development paradox
(Di Baldassarre et al., 2018; Viglione et al., 2014; White, 1945), which occurs
when the implementation of structural protection measures leads to a greater
sense of safety in the floodplains communities and could eventually lead to
further urban development in areas at risk. It is indeed difficult, from a risk
communication point of view, to convey the fallibility of such measures,
which are dimensioned for events only up to a pre-determined intensity (i.e.
return period). Any flood exceeding the pre-determined return period would
in fact not be contained and could cause even more damage than it would have
if the structural measures were not in place (as probably the area would be less
urbanised). The perceived threat to the town as a whole significantly decreased
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only in Vermiglio (Paper I), which is likely also attributable to the newly built
check dam (nicknamed “the concrete giant” by locals, see Fig. 5).
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Figure 4. Results from the two survey rounds on perceived threat caused by floods
in the three study areas (percentage of responses in each step of the 1-5 scale). The
grey bars on the right of the plot show the percentage of “I don’t know” answers.

Generally, the lack of changes on average for the majority of risk awareness
variables is not surprising. Respondents in Vermiglio and Romagnano were
interviewed the first time approximately 3—5 years after the event occurred,
and the second time was 13 years after that, while those in Negrar were inter-
viewed 6 months and one year after, respectively. The time frame difference
is clearly reflected in their responses. Vermiglio and Romagnano show a quite
low perceived threat for themselves and their home (see Fig.4 and Paper I),
while these values are higher in Negrar, where the memory of the event was
still rather fresh at the time of the survey (see Fig.4 and Paper II). Not only,
the time frame is also likely reflected in the general lack of changes over time.
In Vermiglio and Romagnano this could be attributed to the perceived threat
already being back to “normal”, baseline levels before the first survey round,
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and in absence of events remaining at the same level still many years after. In
Negrar, on the other hand, the opposite may have happened. Respondents’
perceived threat was still high one and half years after the event occurred, thus
no changes were detected on average over the samples. The decay of flood
memory over time has been previously measured using house prices as a
proxy. Right after the events, house purchase prices dropped, but this was fol-
lowed by an increase in prices again few years after (Atreya et al., 2013;
Zhang, 2016), indicating a likely decrease in flood memory and risk awareness
in general. While house prices were not used as a proxy here, this awareness
fluctuation is evident from the combination of survey results from Papers I
and I1.

Figure 5. Downstream (a) and upstream (b) view of the check dam from the road
that leads to the village centre in Vermiglio. The infrastructure stands out in an oth-
erwise forest-dominated alpine landscape. Photo credits: Giacomo Bernello.

Respondents’ perceived preparedness, on the contrary, significantly changed
in all case study areas (see Fig. 6). It decreased in Vermiglio and Romagnano
(Paper I), and it increased in Negrar (but only in the panel dataset, Paper II).
The fact that perceived preparedness seems to be more sensitive to time than
the perceived threat can be attributed to a number of factors. For instance,
adopting private flood protection measures, participating in risk communica-
tion events aimed at increasing knowledge, and experiencing other events
without severe damage can all increase the individual’s sense of preparedness.
Thus, to further investigate if and how different groups of individuals show
different flood risk perception dynamics, in Paper II — in addition to assaying
changes on average over the entire sample (Fig. 4 and 6) — respondents were
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clustered based on gender and amount of damage suffered during the Negrar
2018 flood.

Perceived preparedness
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Figure 6. Results from the two survey rounds on perceived individual preparedness
in the three study areas. The grey bars on the right of the plot show the percentage of
“I don’t know” answers.

The results from the clustered analysis show that risk perception dynamics are
in fact heterogenous (Paper II). For instance, the RCS study shows that while
on average the perceived threat to self seems to not have changed over time,
it actually decreased for respondents who suffered no damage, and it increased
for those who suffered severe damage (i.e. 4-5 on the 1-5 scale). The RCS
also shows that the perceived threat to one’s home decreased only for women
(Paper II). Similarly, the panel shows that while the perceived threat to the
town as a whole seems stable on average, it actually decreased for women
(Paper II). This may be partially explained by women’s increased trust in
authorities when it comes to structural protection works (Paper II). In addi-
tion, the fact that women have a higher risk awareness than men at the first
survey round, but then decreases, shows that gender influences how risk
awareness fluctuates. Women seem to have a spike in awareness at first, which
then decreases, while men show a more stable awareness over time (Paper
1I).

The trust in the administration on risk communication increased only for
respondents who suffered low damage (i.e. 23 on the 1-5 scale, Paper II).
Similarly, the trust in the administration on protection works increased only
for respondents who suffered low damage and for women (Paper II). Per-
ceived preparedness also increased only for those who suffered low damage
(Paper II). This phenomenon is known as risk perception paradox, and con-
firms previous findings on the influence of experience (Wachinger et al.,
2013): if the flood experience was not particularly severe, it is likely that the
perception of risk actually decreases (Deeming, 2008; Green et al., 1991;
Mileti & O’Brien, 1993; Wachinger & Renn, 2010). Here, the stability of risk
awareness and the increase in perceived preparedness point towards a decrease
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in risk perception for respondents who suffered low damage, but not for oth-
ers.

The nuanced role of experience

Adding on about experience and its severity, the second objective of this thesis
was to untangle its complex role and its relation to knowledge in shaping flood
risk awareness. Paper III shows that the influence of experience is truly mul-
tifaceted. Distinct types of experience have a different impact depending on
the risk awareness variables assayed. Specific definitions of experience are
shown to directly influence many risk awareness variables. For example, be-
ing present during the event, i.e. witnessing the event with one’s own eyes, is
shown to influence the perceived threat to oneself. Suffering damage, instead,
is more likely to impact the perceived threat to the home and the town (as
shown also in Paper II). This can be attributed to the nature of the experience
itself. For example, the fact of witnessing a flood can help us produce a mental
imagery of what would happen to us should we be hit by a flood, thus increas-
ing our worry for ourselves. On the other hand, more generic definitions, such
as asking about a general previous experience with the event, indirectly influ-
ence risk awareness. A general previous experience positively affects the
knowledge derived from direct experience, which in turn positively affects all
risk awareness variables (self, home, and town). The majority of respondents
have in fact indicated that direct experience is their greatest source of
knowledge when it comes to floods. This shows that it is not only the experi-
ence itself, but also how we process it and what we learn from it that actually
influences our awareness. Following these findings, Paper III proposes a ty-
pology based on experience and knowledge, to facilitate future research on the
complex influence of these two variables. The typology (shown in Fig. 7)
comprises four types:

e [nertia: this type includes individuals who lack or have a low de-
gree of both experience and knowledge, who are therefore less fa-
miliar or not familiar at all with the hazard, in a state of inertia,
passivity;

o  Tacit/empirical knowledge: this type includes individuals who only
experienced the event but who did not gain any information (or
gained very limited information) from other sources of knowledge;

o Theoretical knowledge: this type includes individuals who only
gained information from other sources of knowledge but who never
experienced the hazard,
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e  Wisdom: this type includes individuals who experienced the hazard
and who gained information from various sources of knowledge,
who therefore gained wisdom by integrating experience and
knowledge.

Direct experience A

Tacit/empirical

knowledge Wisdom
[ I
i N Knowledge
insdi Theoretical
nerva knowledge

Figure 7. Experience-Knowledge typology (Paper III).

Aristotle introduced the concept of theoretical knowledge for the first time in
his Nicomachean Ethics (350 B.C.). He defines theoretical knowledge as the
one of the spectators, that is, what comes from “standing back™ and “looking
on”. Here, the spectator can be the one who gains knowledge from secondary
sources, without having experienced any flood. Tacit knowledge was later in-
troduced by Polanyi (1966), who defines it as that which comes from direct
experience, hidden and implicit. In philosophy, this is also known as empirical
knowledge, as opposed to knowledge derived from theory. This typology can
be useful to categorise respondents depending on their experience and
knowledge of the hazard and evaluate whether these characteristics can ex-
plain differences in the perception of risk. It can also be employed for the
design of tailored risk communication strategies. For instance, individuals on
the left side of the typology may benefit from an increased communication in
terms of what to do and how to behave when a flood occurs. Individuals with
empirical knowledge can collaborate with those with theoretical knowledge
and design risk communication activities for those in the quadrant III, i.e.
those who have neither experience with nor knowledge of floods.
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The intertwining of flood and drought risk perception

The third, and last, objective of this thesis was setting floods in a broader con-
text by exploring the relationship between flood and drought risk perception
in Italy and Sweden. Paper V shows that experience plays a critical role also
in the combination of flood and drought risk perception. The geographical
distribution of flood and drought experience varies quite widely across and
within the two countries, and it is reflected in how flood and drought risk are
perceived. Flood risk perception is rather homogeneous in terms of both per-
ceived likelihood and perceived impact on the respondent (see Fig. 8).

d) e) f)
f f
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Figure 8. Results from the two nation-wide surveys in relation to flood experience
(a, d), perceived flood likelihood (b, e), and perceived flood impact (c, f).

Drought risk perception is instead much more zonal, with southern regions
both in Italy and Sweden showing a significantly higher degree of both per-
ceived impact and perceived likelihood, compared to the rest of the respective
countries (as shown in Fig. 9). These findings are not surprising, as floods are
a capillary hazard that can occur and cause severe damage almost everywhere,
while droughts are much more tied to the geography and climate of an area.
For example, Italy’s southern regions, show a higher risk perception compared
to the rest of the country (see Fig. 9a, b, and c). This could be explained by
the heavy reliance on agriculture typical of the area paired with a generally
drier climate. In addition, floods have a much more rapid onset compared to
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droughts, and their negative consequences are immediate and generally con-
fined to the place of occurrence. Because of the slower onset of drought, its
consequences stretch over a longer time span and have many direct and indi-
rect effects that can resonate elsewhere (Stanke et al., 2013).
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Figure 9. Results from the two nation-wide surveys in relation to drought experi-
ence (a, d), perceived drought likelihood (b, €), and perceived drought impact (c, f).

Despite these regional differences, Paper V shows that experiencing one hy-
drological extreme influences not only the perceptions towards that same haz-
ard, but also towards the other extreme. This reflects the intertwined nature
not only of the two natural phenomena (i.e. floods and droughts as two sides
of the same coin), but also of people’s perception of them. In Italy as well as
in Sweden, drought experience, perceived likelihood, and perceived impact
have been found to be significantly associated with flood experience, per-
ceived likelihood, and perceived impact. In both countries, respondents who
reported having experienced drought were also more likely to report having
experienced a flood. This results in respondents showing a high perceived
likelihood and impact of drought also showing a high perceived likelihood and
impact of floods, here too in both countries. Winsemius et al. (2015) previ-
ously documented the combined exposure to floods and droughts, and the
amount of people exposed to both is forecasted to increase globally (Giineralp
etal., 2015).
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Conclusions

In relation to its three objectives, this thesis has shown that: a) flood risk per-
ception follows different trajectories over time depending on gender and ex-
perience; b) experiencing a flood influences our flood risk perception not only
directly, but also indirectly through knowledge gained directly from the expe-
rience itself; and c) flood risk perception is substantially intertwined with the
perception of drought risk. These findings have a number of practical as well
as theoretical implications, as not only they can inform water management,
but also contribute to the psychological and behavioural debates on protection
motivation and, more in general, adaptation to natural hazards risk. This con-
cluding section will discuss how DRR and the conceptualisation of human-
water systems can both benefit from this thesis’ contribution and will set the
path for how future research can build up on these findings to further risk
reduction efforts and improve the understanding of human-water interactions.

Implications for DRR

DRR is becoming increasingly relevant to address worsened climate condi-
tions and the increase in natural hazard occurrences. Nonetheless, the DRR
machine is run by many different actors (e.g. scientists, practitioners, policy-
makers, local communities, to name a few). Understanding each other and
each other’s (sometimes diverging) motifs and objectives is a first step to-
wards an efficient and coordinated effort to run the machine. The results of
this thesis shed light on the local communities’ perspectives in terms of flood
and drought risk. Papers I and II as well as previous studies (Seebauer &
Babcicky, 2020) have shown that flood risk perception is likely to start de-
creasing from around 1.5 to 2 years after a flood event (in absence of other
consequent events). In light of this, risk communication campaigns are likely
to be more effective when conducted after the end of this 2-year period, when
the perception of risk is starting to decrease. This timeframe can be seen as a
window of opportunity to implement risk communication strategies that take
into account the fact that flood risk perception changes differently for different
groups of people. As shown in Paper II, women tend to have a higher risk
awareness right after the event compared to men, but then it decreases over
time, while for men it tends to be more stable. The severity of experience also
affects the temporal dynamics of flood risk perception, with people suffering
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only small damage showing a decrease in awareness and an increase in per-
ceived preparedness. Risk communication campaigns should particularly be
careful to this aspect, as it could create a false sense of safety in residents
potentially at risk.

The presence of large structural protection measures can also contribute to
a (often) false feeling of safety in residents, who may be led to believe that
these measures eliminate risk of serious damage (as shown in Paper II). This
can eventually lead to a transfer of responsibility from the individual to the
measures themselves and more broadly to the authorities responsible for their
implementation (Terpstra & Gutteling, 2008). While certainly the responsibil-
ity for risk reduction should not fall entirely on the private citizen, the more
actors (private and public) involved in risk reduction efforts, the higher the
probability of success in reducing and/or mitigating risk.

On the other hand, experiencing an event, especially one that causes severe
damage, has been shown to increase the awareness of flood risk (Papers I1 &
III). The negative experience of the event, which creates a moment of high
attention in the community, can and should be used as a trampoline for risk
communication, to promote awareness at the community level and also to
show the importance of adopting protective behaviour at the individual level.
For instance, the post-flood informative events organised by the municipality
in Negrar have taken advantage of the window of opportunity to inform the
citizens on the causes of the flood. Afterwards, residents who participated to
some of these events reported a higher knowledge acquired through official
information than those who did not.

In general, risk reduction strategies should also consider the intertwined
nature of flood and drought risk perception. DRR strategies implemented to
mitigate flood risk can often end up exacerbating drought risk, and vice versa
(see, for instance, Ward et al., 2020). Paper V, however, shows that this divide
in the implementation of risk reduction strategies is not reflected in the per-
ception of flood and drought risk. This is a positive finding, as it shows that
there would likely be support for an integrated management of hydrological
risk, i.e. one that address flood and drought risk, ensuring that one end does
not hinder the other.

Implications for conceptualising human-water systems

The conceptualisation and modelling of human-water systems, which is at the
core of disciplines such as sociohydrology, aims at simplifying the studied
systems so that general trends can be explored and understood. Indeed, the
simplicity that a model should achieve is not the one deriving from lack of
knowledge or information, but rather the one that derives from a critical un-
derstanding of the complexity and uncertainty behind coupled human-water
systems and the ability to present it in a simple way (see Fig. 10). To reach the
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other side of complexity, it is fundamental to unravel its many levels, such as
for instance the uncertainty behind hydrological predictions as well as human
behaviour. This thesis contributes to this effort by showing that, quite trivially,
people’s perceptions of hydrological risk are not homogeneous, and should be
accounted for when modelling human-water interactions in the field of flood
risk.

complexity

simple because
we understand

simple because
we ignore

understanding/
utility

Figure 10. Graphical representation of the concept of simplicity on the other side of
complexity.

System dynamics models of human-water systems are based on differential
equations aimed at qualitatively describing how e.g. risk awareness is built up,
how it changes over time, and how it relates to preparedness (Di Baldassarre
etal.,2013; Di Baldassarre et al., 2015; Garcia et al., 2016; Gonzales & Ajami,
2017; Kuil et al., 2016; Viglione et al., 2014; Yu et al., 2017). Longitudinal
survey data, such as those presented here, can be used to evaluate the explan-
atory value of the model by comparing the model outcomes with the results of
the survey. Paper I showed that the dynamics of awareness and preparedness
should be separated, as not only are they not suitable proxies for each other,
but different groups of people may show different levels of awareness and/or
preparedness, potentially leading to misleading description and projections of
the coupled system. This has been additionally confirmed in Paper II, where
— as mentioned earlier — results show awareness and preparedness trajectories
depend not only on gender, but also on the severity of the experience with
floods. In this regard, this thesis calls for a more heterogeneous representation
of society within system dynamics models of human-water systems.
Longitudinal data on the social dimension of the model should also be em-
ployed carefully depending on the initial aim of the model. Different types of
longitudinal data, e.g. RCS versus panel, can contribute to different kinds of
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models. Models that are aimed at generalizing human-water interactions, and
thus untied from a specific case study, can benefit from longitudinal data col-
lected via an RCS approach, where the community, and not the individual, is
followed over time. On the other hand, models that are aimed at theory-testing
may benefit more from a panel dataset, as hypothesised connections between
variables can be related to a single individual. This is also because the statis-
tical power of the analyses that can be conducted with the two approaches
differs. Panel datasets allow for lower standard errors than RCS ones, hence
their better suitability for theory-testing, which often requires a more in-depth
analysis of the data. Converging results from an RCS and a panel study (as
shown in Paper II) are particularly valuable if a model is developed for a
specific case study, as obtaining the same result following different ap-
proaches can be an indicator of robustness.

I would not give a fig for the simplicity this side of complexity, but I would
give my life for the simplicity on the other side of complexity.
— Oliver Wendell Holmes Jr.

An outlook

This thesis has shown the importance of understanding how hydrological risk
perception changes over time, differs among individuals, and is influenced by
a variety of societal and environmental factors. Building on these findings,
future efforts may consider exploring such changes and differences even fur-
ther, and for longer time frames, to advance our understanding of the complex
dynamics of risk perceptions and public attitudes. This is particularly relevant
in a world that is experiencing disruptive climatic changes, where the occur-
rence of extreme events of any kind is slowly becoming the norm. Fostering
human adaptation to these unprecedented conditions is a priority. This starts
with promoting the awareness that we are, indeed, in dire straits, but that we
also have the agency and the capacity to address the risk and, eventually,
adapt.
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Sammanfattning pa svenska

Vatten och samhille: ett komplext forhallande

Mainniskor och vatten har format och paverkat varandra sedan urminnes tider.
Mainniskor ér beroende av vatten inte bara for sina grundlaggande behov, utan
ocksa for transport, handel, elproduktion och rekreation. Vatten &r viktigt for
livet pé jorden, men bade Gverskott och brist pa vatten kan rubba en redan skor
balans. Oversvimningar och hindelser av torka skordar idag dodsoffer och
orsakar ekonomiska skador for miljarder, effekter som kommer forvarras av
klimatférandringarna och med en fortsatt 6kad ménsklig paverkan pa vatten-
systemen (t.ex. genom 6kad urbanisering och vattenforbrukning).

Ett exempel pa detta komplexa forhallande ar att ménniskor véljer att bo-
sdtta sig 1 ndrheten av vattendrag pa grund av dess fordelar (t.ex. vilbefin-
nande och rekreationsomraden), och utsétter sig ddrmed for 6versvamnings-
risker. Storleken pa dessa risker beror pa tre faktorer: a) hur ofta 6versvim-
ningar intrdffar och hur intensiva dessa dr, b) samhéllets exponering, och c)
samhdllets sarbarhet. Beroende pa samhillets resurser, har manniskan mojlig-
het att paverka alla dessa faktorer. Samhéllen kan minska frekvensen av 6ver-
svimningar genom att bygga ddmningssystem; de kan minska sin egen expo-
nering genom att bositta sig ldngre bort fran vattendrag; och de kan minska
sin sarbarhet genom att vidta riskreducerande dtgérder eller genom att skapa
ett stodsystem for sarbara hushall och foretag. Detta dr bara négra exempel pa
hur ménniskans agerande kan péverka forekomsten och effekterna av en na-
turolycka. Méanniskans agerande styrs dock av flera faktorer, bland annat dess
riskuppfattning. Riskuppfattningen &r inte den enda drivkraften, men en viktig
sddan. Om en naturolycka, exempelvis en versvidmning, intraffar paverkar
den sambhallet inte bara i form av skador pd egendom och eventuella forluster
av manniskoliv, utan ocksa i form av de berdrda individernas uppfattning och
attityd till sjélva faran.

Vad éar riskuppfattning och varfor ar den viktig?

Riskuppfattning dr en dynamisk process som standigt utvecklas dver tid. Detta
gor det svart att faststdlla vilken niva av riskuppfattning som finns i ett visst
samhalle och hur den fordndras, till exempel efter en Gversvamning. Dessutom
beror riskuppfattningen bade pa subjektiva och objektiva faktorer. Tidigare
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erfarenheter, kunskap om risker, fortroende for myndigheter och institutioner,
beredskap och sociodemografiska indikatorer som alder och kon bidrar till var
riskuppfattning. Det dr dock fortfarande oklart hur vissa av dessa variabler,
exempelvis erfarenhet, paverkar oss. Slutligen paverkas riskuppfattning ytter-
ligare av miljoforandringar och andra naturolyckor (som dessutom formar ris-
kens frekvens och intensitet) och socioekonomiska trender (som dessutom pa-
verkar individens stdllning i samhéllet). Att veta hur riskuppfattning fungerar
och forindras over tid ir viktigt pa grund av tva skil. A ena sidan bidrar det
till insatser for katastrofriskreducering eftersom vi till exempel kan utveckla
béttre strategier for riskkommunikation om vi vet hur manniskor uppfattar ris-
ker. A andra sidan hjilper det oss att forstd de mekanismer som driver sam-
spelet mellan ménniskor och vattensystem ur ett teoretiskt perspektiv. Syste-
met minniska-hydrologisk risk r schematiskt beskrivet i Figur 1.

I min avhandling dmnar jag ge svar pa foljande forskningsfragor: (1) Hur
fordndras riskuppfattning 6ver tid? (2) Hur paverkas riskuppfattningen av ti-
digare erfarenheter? (3) Hur forhaller sig uppfattningen om &versvadmnings-
risk till andra riskuppfattningar, sdsom risk for torka?

eff, a h‘s
'~

medvetenhet

erfarenhet
beredskap
kunskap

fortroende

socio-demografi

Figur 1. Forhallandet mellan hydrologiska risker och samhillet (baserat pa Di
Baldassarre et al. 2018).

Lat oss fraga folket!

For att besvara dessa tre forskningsfragor genomforde jag undersékningar pa
olika samhillsnivaer, bade pa lokal niva via invanare i dversvimningsdrab-
bade byar, samt pa hdgre samhéllsniva, sisom hela lander. Undersokningarna
har genomforts genom att lata deltagare fylla i enkétstudier, vilket ar ett
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kraftfullt verktyg for att forstd hur individer uppfattar vissa faktorer, och fram-
for allt hur individens riskuppfattning forhaller sig till andras uppfattning.

For att besvara den forsta forskningsfragan undersokte jag tre samhéllen i
norddstra Italien: Vermiglio (TN) och Romagnano (TN) i den autonoma pro-
vinsen Trento, och Negrar (VR) i regionen Veneto. De tva forstndmnda drab-
bades av 6versvamningar 2000 och 2002, medan Negrar drabbades av Gver-
svamningar 2018. Dessa tre samhéllen undersoktes tva ganger: Vermiglio och
Romagnano 2005 och sedan igen 2018, Negrar 2019 och sedan igen 2020. I
alla tre fallen genomfordes den forsta enkétstudien efter det att Gversvam-
ningen intraffat. Respondenterna fick fragor om sin riskmedvetenhet, sin upp-
levda beredskap, sitt fortroende for skyddsatgarder, sitt fortroende for myn-
digheter, den skada de drabbats av under 6versviamningen och sin tidigare er-
farenhet av 6versvimningar. Jag genomforde sedan en statistisk analys for att
se om det fanns skillnader mellan de tva enkétstudierna. Den hér metodiken
mojliggjorde analys av hur riskuppfattningen efter en hindelse fordndrades
over tid.

For att besvara den andra forskningsfragan anvinde jag de uppgifter som
samlades in under den forsta enkétstudien i Negrar. En forsta enkitstudie har
var tillricklig for att besvara fragan, sérskilt eftersom en andel av responden-
terna upplevde dversvdmningen nyligen. Hér analyserade jag olika typer av
"erfarenheter" (exempelvis skadornas storlek, nérvaro under hindelsen osv.)
for att sédrskilja den oklara roll som denna variabel har f6r riskuppfattningen.

For att besvara den tredje forskningsfrigan utforde jag en enkédtundersok-
ning for mer dn 2 000 personer, bade i Italien och i Sverige, for att undersdka
hur uppfattningen om 6versvamningsrisker forhéller sig till riskuppfattningen
om torka, som dr tva sidor av samma mynt. Hér var det nddvéndigt att under-
soka ett storre urval jamfort med de tvé forsta forskningsfragorna, eftersom de
olika klimatzonerna i de tva landerna kan medfora en skillnad i riskuppfatt-
ning. Detta gjorde det ocksd mojligt att fa med ett urval av personer som an-
tingen har upplevt en eller bada riskerna, eller som aldrig upplevt ndgondera.

Vad berittade de for mig?

Analysen av enkétstudierna resulterade i tre huvudresultat. Det forsta resulta-
tet visade att uppfattningen om Oversvamningsrisker fordndras over tid pa
olika sitt for olika sociala grupper, beroende pa till exempel kon och hur stora
skador de drabbats av under 6versvamningen. Sarskilt kvinnor tenderar att ha
en hogre riskmedvetenhet direkt efter handelsen som sedan minskar snabbare
over tid, jAmfort med méans riskmedvetenhet som tenderar att vara lagre och
mer stabil dver tid. Ménniskor som endast drabbats av lindriga skador uppvi-
sar en minskning av riskmedvetenheten och en 6kning av den upplevda bered-
skapen, och visar ddrmed en hogre niva av sjalvfortroende over tid (GAmfort
med dem som inte drabbats av nagra eller betydande skador). Detta kan leda
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till en underskattning av framtida oversvimningskonsekvenser, vilket kan
vara problematiskt, sérskilt om det kombineras med en motvilja mot att vidta
skyddsatgarder.

Det andra resultatet visar att erfarenhet paverkar olika aspekter av riskupp-
fattningen beroende pa vilken typ av erfarenhet det ror sig om. Att personligen
bevittna en dversvamning paverkar till exempel riskmedvetenheten i fraga om
det upplevda hotet mot en sjilv. Att drabbas av skador paverkar & andra sidan
mer det upplevda hotet mot ens hem och tillhérigheter. Att uppleva en Gver-
svamning paverkar ocksa allminhetens riskuppfattning indirekt, genom den
kunskap som vi fick under héandelsen.

Slutligen, det tredje resultatet visar att uppfattningen om Oversvamnings-
risker &r starkt sammanflatad med riskuppfattningen om torka. Det ar till ex-
empel mer sannolikt att ménniskor som upplevt 6versvimningar ocksa har
upplevt torka. Foljaktligen sa anser méanniskor som tror att Gversvimningar ar
mycket troliga att intrdffa i framtiden ocksa att handelser torka dr mycket tro-
liga, och vice versa.

Vad kan vi dra for lardomar av deras svar?

Dessa resultat har bade politiska och vetenskapliga konsekvenser. De forst-
nidmnda géller frimst katastrofriskreducering, medan de sistndmnda géller
konceptualiseringen av system mellan ménniska och vatten.

Nér det géller katastrofférebyggande atgiarder har denna avhandling visat
hur viktigt det ar att forsta att riskuppfattningar inte bara varierar mellan olika
ménniskor, utan ocksa att de fordndras pa olika sitt Gver tid beroende pa indi-
viduella egenskaper och erfarenheter. Detta ar sdrskilt relevant for utform-
ningen av effektiva strategier for riskkommunikation, sirskilt gidllande vikten
av att anta ett skyddande beteende. Dessutom verkar den sammanflétade risk-
uppfattningen kring Gversvamningar och hidndelser av torka vara en stabil
grund for att frimja en integrerad hantering av hydrologiska risker. For nér-
varande tenderar hanteringen av hydrologiska risker att fokusera pa antingen
den ena eller den andra av de tva riskerna (dvs. antingen 6versvamningar eller
torka). Men katastrofforebyggande atgarder for den ena risken kan dock for-
virra konsekvenserna av den andra, vilket gor att de bada riskerna bor beaktas
parallellt.

Nér det géller konceptualiseringen av system mellan ménniska och vatten
uppmanar dessa resultat till en hiansyn till den sociala heterogeniteten nar man
utformar matematiska modeller och datasimuleringar ver samspelet mellan
sociala och hydrologiska processer. Aven om syftet med en modell ir att for-
enkla det studerade systemet for att forsta dess underliggande dynamik, bor
denna forenkling bygga pa systemets komplexitet och inte pé en bristande for-
stéelse av dess komponenter. En modell som syftar till att syntetisera systemet
minniska-vatten bor vara tillrickligt enkel for att vara begriplig och
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anvandbar. Samtidigt bor den ta hdnsyn till att alla individer inte tdnker, agerar
och reagerar pa samma sitt, eftersom denna heterogenitet kan péverka den
samlade reaktionen pa extrema héndelser.

Oversatt med hjdlp av Johanna Mdard och Sara Lindersson

52



Riassunto in italiano

Acqua e societa: una relazione complicata

Le persone hanno influenzato e trasformato I’ambiente idrico, e viceversa, sin
dall’antichita. L’umanita infatti dipende dall’acqua non solo per i suoi bisogni
di base, ma anche per i trasporti, per il commercio, per la produzione di ener-
gia, e per la ricreazione ed il benessere. Pero, se da un lato 1’acqua ¢ fonda-
mentale per la vita sulla Terra, troppa o troppo poca acqua possono rovinare
un delicato equilibrio. Ancora oggi, alluvioni e siccita continuano a causare
vittime ¢ devastazione, ed il loro impatto potrebbe essere ulteriormente ina-
sprito dai cambiamenti climatici e dall’intensificarsi dell’attivitd umana sui
corsi d’acqua e sul sistema idrico in generale (per esempio tramite 1’aumento
dei consumi e 1’'urbanizzazione).

Per fare un esempio di questa relazione complicata, si consideri una comu-
nita in prossimita di un corso d’acqua. Tale comunita beneficia di un facile
accesso alle risorse idriche e vanta condizioni favorevoli per i trasporti € lo
sviluppo socioeconomico. Al tempo stesso, la comunita si espone ad un certo
livello di rischio alluvionale. La misura di questo rischio dipende da tre com-
ponenti principali: a) la frequenza e 1’intensita delle inondazioni; b) quanto la
comunita € esposta alle inondazioni (es. quanti sono i residenti e i beni presenti
nella pianura alluvionale); ¢) quanto la comunita ¢ vulnerabile alle inondazioni
(es. qual ¢ il livello di poverta, quante persone hanno adottato misure protet-
tive, ecc.). A seconda dei suoi mezzi, la comunita puo alterare queste tre com-
ponenti. Puo ridurre la frequenza delle alluvioni ed esondazioni ad esempio
costruendo un sistema di argini; puo ridurre la propria esposizione ad esempio
costruendo nuove abitazioni pit lontano dal fiume; infine puo ridurre la pro-
pria vulnerabilita ad esempio creando un sistema di previsione piene ¢ allerta
e/o offrendo supporto finanziaro per le famiglie e le imprese meno agiate.
Questi sono alcuni esempi di come una comunita possa influenzare I’incidenza
e 1 danni causati dalle alluvioni. Tali interazioni sono perd condizionate da
molteplici fattori, tra i quali la percezione del rischio. Infatti, anche se la con-
sapevolezza del rischio non ¢ una condizione sufficiente di per sé per ridurre
il rischio (si pensi, ad esempio, alla limitata disponibilita di mezzi economici
per i meno abbienti), € perd una condizione necessaria. L’occorrenza di un
evento estremo come un’alluvione, inoltre, colpisce la comunita non solo dal
punto di vista materiale, ad esempio causando danni alle proprieta o addirit-
tura perdita di vite umane, ma anche dal punto di vista psicologico.
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Cos’¢ la percezione del rischio e perché ce ne deve
importare?

La percezione del rischio € un processo dinamico, che quindi cambia conti-
nuamente nel tempo. Questo la rende difficile da studiare, e rende difficile
capire quale sia il livello di percezione in una comunita in un certo momento,
e come questo cambi all’occorrere di un evento alluvionale. In aggiunta, la
nostra percezione del rischio ¢ influenzata da fattori sia soggettivi che ogget-
tivi. Per esempio, esperienze precedenti, conoscenza del fenomeno, fiducia
nelle istituzioni, preparazione, ¢ indicatori sociodemografici (es. eta, genere,
occupazione) contribuiscono tutti alla nostra percezione del rischio. Il ruolo
di alcuni di questi fattori, come ad esempio le esperienze precedenti, resta pero
ancora da chiarire. A complicare le cose, si aggiunge il fatto che le nostre
percezioni sono ulteriormente influenzate sia dai cambiamenti a livello am-
bientale ¢ globale (che influiscono sulla frequenza e sull’intensita dei feno-
meni naturali), sia da trend socioeconomici (che determinano la nostra posi-
zione all’interno della societa). Capire come le percezioni degli individui col-
piti funzionino e cambino nel tempo ¢ percid essenziale per due motivi. Da un
lato, pud supportare gli sforzi per ridurre il rischio idrologico perché ci per-
mette ad esempio di sviluppare strategie migliori per la comunicazione del
rischio. Dall’altro, ci aiuta a capire i meccanismi che governano la coevolu-
zione dei sistemi socio-idrologici (ovvero dell’interazione tra persone e am-
biente idrico) da un punto di vista teorico. Questo sistema fenomeno-societa ¢
rappresentato schematicamente in Figura 1.

Pertanto, in questa tesi cerco di dare una risposta a tre domande: (1) come
cambia la nostra percezione del rischio alluvionale nel tempo? (2) Qual ¢ ef-
fettivamente il ruolo giocato dalle nostre esperienze precedenti? (3) Come si
inserisce la percezione del rischio alluvionale nel palcoscenico globale e in
relazione ad altri rischi?

Chiediamo alle persone!

Per dare risposta a queste tre domande, ho condotto dei sondaggi in varie co-
munita, alcune piu piccole, come i residenti di piccoli paesi alluvionati, e altre
piu grandi, come intere nazioni. I sondaggi, effettuati tramite la compilazione
di un questionario, sono infatti uno strumento efficace per capire come un in-
dividuo percepisce determinati fattori, ¢ soprattutto come la percezione di un
singolo si relaziona alla percezione degli altri.
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Figura 1. La relazione tra societa e fenomeni idrologici (basata su Di Baldas-
sarre et al. 2018).

Per rispondere alla prima domanda, ho condotto un sondaggio in tre comunita
nell’Italia del nord-est, a Vermiglio e Romagnano nella Provincia Autonoma
di Trento, ¢ a Negrar (VR) nella Regione Veneto. Le prime due furono en-
trambe colpite da un’alluvione nel 2000 (Vermiglio poi di nuovo nel 2002),
mentre Negrar nel 2018. In tutti e tre i casi, sono stati condotti due sondaggi,
uno dopo I’evento (nel 2005 a Vermiglio e Romagnano e nel 2019 a Negrar)
e uno qualche tempo dopo al primo sondaggio (nel 2018 a Vermiglio ¢ Roma-
gnano ¢ nel 2020 a Negrar). Agli intervistati sono state fatte delle domande
sulla loro consapevolezza del rischio, la loro preparazione ad affrontare even-
tuali eventi alluvionali, la loro fiducia nelle misure di protezione ¢ nelle isti-
tuzioni, 1 danni subiti dall’alluvione e loro eventuali esperienze precedenti.
Tramite un’analisi statistica dei dati raccolti, ho poi cercato di capire se ci
fossero differenze tra le risposte date la prima e la seconda volta. Questo tipo
di studio infatti permette di capire come (e se) le percezioni cambino nel
tempo, in seguito ad un’alluvione.

Per rispondere alla seconda domanda, ho invece utilizzato soltanto i dati
raccolti nel primo sondaggio condotto a Negrar, nel 2019. Questi dati erano
infatti sufficienti, poiché parte degli intervistati avevano da poco subito
I’evento alluvionale (circa 6 mesi prima), condizione ideale per studiare il
ruolo dell’esperienza nella percezione del rischio. Qui ho analizzato diverse
tipologie di esperienza (es. il solo essere presenti durante 1’evento, la quantita
di danni subiti, ecc.) per districare e chiarire il loro ruolo.

Infine, ho condotto un sondaggio su piu di 2000 individui, sia in Italia che
in Svezia, per rispondere alla terza domanda e capire come la percezione del
rischio alluvionale si relaziona con la percezione del rischio di siccita, due
facce della stessa medaglia. In questo caso, ¢ stato necessario condurre il
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sondaggio su molti individui residenti in diverse zone climatiche, poiché que-
sto potrebbe influenzare particolarmente la percezione del rischio di siccita.
Inoltre, questo ha permesso di includere nella ricerca non solo individui che
hanno avuto esperienze precedenti con i due fenomeni (alluvioni e siccita), ma
anche coloro che non ne sono mai stati colpiti, estendendo il campionamento
a tutta la nazione.

Cosa mi hanno detto?

L’analisi dei dati provenienti dai vari sondaggi ha portato alla luce tre risultati
principali. In relazione alla prima domanda, ovvero come cambia nel tempo
la nostra percezione del rischio idrologico, sono giunta alla conclusione che la
percezione del rischio cambia in modo diverso per ognuno di noi a seconda di
determinate caratteristiche. Per esempio, le donne tendono ad avere una per-
cezione piu alta subito dopo 1’evento, che poi diminuisce in maniera piu bru-
sca rispetto agli uomini, che invece tendono ad avere una percezione piu sta-
bile nel tempo. Anche I’ingenza dei danni subiti influenza questo cambia-
mento nel tempo. Infatti, le persone che hanno subito danni di poco conto mo-
strano una diminuzione di consapevolezza del rischio e si sentono piu
preparati, nel tempo, rispetto agli individui che o non hanno subito alcun
danno o ne hanno subiti di ingenti. Questo sembra indicare un aumento di
sicurezza in s¢ stessi/e comprovato dal fatto che I’alluvione ha si causato dei
danni, ma non cosi gravi da preoccuparsene. Cid puo portare queste persone a
sottovalutare potenziali future alluvioni, atteggiamento relativamente perico-
loso specialmente se abbinato ad una scarsa inclinazione all’adozione di mi-
sure protettive.

In relazione alla seconda domanda, sul ruolo dell’esperienza nella perce-
zione del rischio alluvionale, i dati sembrano indicare che diversi tipi di espe-
rienza influenzano diverse componenti della percezione. Per esempio, essere
testimoni di un’alluvione, ovvero essere presenti durante 1’evento, influenza
la percezione del rischio per sé stessi. Invece, subire danni influenza maggior-
mente la percezione del rischio per la propria casa e i propri beni. Vivere
I’esperienza di un’alluvione sembra inoltre influenzare la percezione del ri-
schio non solo direttamente, ma anche indirettamente attraverso la conoscenza
che ne deriva.

Infine, in relazione alla terza ed ultima domanda, i dati mostrano che la
percezione del rischio alluvionale ¢ fortemente intrecciata alla percezione del
rischio di siccita. Per esempio, le persone che hanno riportato di aver subito
un’alluvione, avevano anche piu probabilita di aver subito una condizione di
siccitd. Di conseguenza, le persone che pensano sia probabile che un’alluvione
si verifichi di nuovo in futuro, tendono anche a pensare che la siccita possa
verificarsi di nuovo in futuro, e viceversa.
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Che cosa significano le loro risposte?

I risultati di questa tesi hanno implicazioni sia dal punto di vista pratico, in
termini di riduzione del rischio, sia dal punto di vista teorico, per lo studio dei
sistemi socio-idrologici. Per quanto riguarda la riduzione del rischio, questa
tesi mostra quanto sia importante capire che le percezioni cambiano non solo
da persona a persona, ma anche che cambiano nel tempo in modo diverso a
seconda di certe caratteristiche individuali. Questo ¢ particolarmente rilevante
per la pianificazione di strategie per la comunicazione del rischio che siano
efficaci, specialmente quando si comunica I’importanza di adottare misure di
protezione a livello di nucleo abitativo. Inoltre, il fatto che la percezione del
rischio alluvionale sia fortemente legata alla percezione del rischio di siccita
sembra costituire una base solida per la promozione di una gestione integrata
del rischio idrologico. Ancora oggi, la gestione del rischio idrologico tende
spesso a favorire un estremo invece dell’altro (es. gestione incentrata sulle
alluvioni, o gestione incentrata sulla siccitd). Purtroppo, pero, focalizzarsi
sulla gestione di uno solo dei due rischi pud addirittura inasprire le conse-
guenze del rischio che viene trascurato. Percio diventa sempre pitt importante
fare si che la gestione del rischio idrologico tenga conto di entrambi gli
estremi.

Per quanto riguarda lo studio dei sistemi socio-idrologici, questa tesi sotto-
linea I’importanza di tenere conto dell’eterogeneita sociale quando si costrui-
scono modelli dinamici sull’interazione tra persone e ambiente idrico. Infatti,
nonostante lo scopo di un modello sia quello di semplificare il sistema di stu-
dio cosi da capirne le dinamiche di fondo, questa semplificazione dovrebbe
basarsi sulla conoscenza e accettazione della complessita del sistema, invece
di ignorarne alcune componenti o dinamiche. Da un lato, un modello con lo
scopo di sintetizzare 1’interazione tra persone e ambiente idrico deve essere
abbastanza semplice da essere comprensibile ed utile. Dall’altro, pero, deve
tenere in conto che non tutti gli individui all’interno di una societa pensano,
agiscono, e reagiscono allo stesso modo, poiché questa eterogeneita puo in-
fluenzare la risposta collettiva ad eventi estremi.
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Appendices

A1l — Survey form related to Paper I
FEELING OF SAFETY

1.

68

How long have you been living in (town name)?

1.  From birth (jump to question nr. 3)

2. From |__|__|__|__I (yyyy)

If you haven’t always lived in (town name), where did you
live before?

1. Another municipality in the same region (specify )

2. Somewhere else in Italy (specify )

3. Somewhere else abroad (specify )

4. Another frazione in the same municipality

Do you belong to any local associations, groups, clubs in (town
name)?
1.  Yes (specify )
2. No

Are you or anyone in your family a member of the voluntary fire brigades?
1.  Yes, myself

2. Yes, one or more of my family members (specify )
3. Yes, myself and one or more of my family members (specify )
4. No
[On a scale from 1 (min) to 5 (max)] To what extent living in (town
name) make you feel safe?
I don’t
Minimum safety Maximum safety know
1 2 3 4 5 0

Answering the previous question, what was the first thing that came to your
mind?

Feeling of safety within the community (proximity of family and relatives, trust, etc.)
Hydrogeological safety (floods, natural hazards, land geology, etc.)

Social safety (theft, robbery, immigration, drug dealing, etc.)

Economic safety (unemployment, poverty, etc.)

Environmental safety (traffic, smog, etc.)

Two or more of the above

Other (specify )

NouhkwNeE




RISK ASSESSMENT

7. [On a scale from 1 (min) to 5 (max)] Considering hydrogeological phenomena
(floods, landslides, etc.), to what extent do you think they pose a threat to
(town)?
I don’t
Not at all Severe threat know
1 2 3 4 5 0
8.  Why?
1 Unpredictability and exceptionality of hydrogeological phenomena
2. Presence of structural protection works
3. Personal knowledge of the landscape
4 Quality of land management
5 Other (specify )

9. [On ascale from 1 (min) to 5 (max)] Considering hydrogeological phenomena,
to what extent do you think they pose a threat to your home?

I don’t
Not at all Severe threat know
1 2 3 4 5 0

10. Why?

11. [On ascale from 1 (min) to 5 (max)] Considering hydrogeological phenomena,
to what extent do you think they pose a threat to you personally?

I don’t
Not at all Severe threat know
1 2 3 4 5 0

12. Why?

13. [On ascale from 1 (min) to 5 (max)] In the following list, could you indicate to
what extent each of these events could pose a threat for you or your house-
hold?

I don’t
Not at all Severe threat know
1. Earthquake 1 2 3 4 5 0
2. Terror attack 1 2 3 4 5 0
3. Robbery 1 2 3 4 5 0
4. Drought 1 2 3 4 5 0
5. Fire 1 2 3 4 5 0
6. Large carnivores 1 2 3 4 5 0
attack
EXPERIENCE

14. Have you ever been involved, in the past, in hydrogeological phenomena or

similar events here or elsewhere?
1. Yes,in|__|__|__|__|in (location)
2. No
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15. Do you think that hydrogeological phenomena could occur again here in the

future?

1.  Yes (because )
2. No(because ) (jump to quest. nr. 17)
3. Idon’t know (because ) (jump to quest. nr. 17)

16. If you think that a hydrogeological phenomenon could occur again [answer nr.

1 to question 15], within how many years according to you?
1.  Within the next years
2. ldon’t know

17. To the best of your knowledge, did any hydrogeological phenomena occur in

Trentino-Sid Tirol in the past five years?
1.  Yes (specify )

2. No
3. Idon’t know
PREPAREDNESS

18. [On a scale from 1 (min) to 5 (max)] To what extent do you feel prepared to

face a hydrogeological phenomenon, should it occur again?

Not at all prepared Highly prepared | don’t know

1 2 3 4 5 0

19. Why?

20. [On ascale from 1 (min) to 5 (max)] How did your hydrogeological risk

awareness change in the past 15 years?

Decreased Unchanged Increased | don’t know

1 2 3 4 5 0

21. Why?

22. [On ascale from 1 (min) to 5 (max)] How did your preparedness to face a

hydrogeological phenomenon change in the past 15 years?

Decreased Unchanged Increased | don’t know

1 2 3 4 5 0

23. Why?

24. [On ascale from 1 (min) to 5 (max)] To what extent do you think your town is

prepared to face a hydrological phenomenon, should it occur again?

Not at all prepared Highly prepared | don’t know

1 2 3 4 5 0

25. Why?
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26.

[On a scale from 1 (decreased) to 5 (increased)] How did the following aspects
change for you in tha past 15 years?
Decreased Increased | don’t know
1. Trust in neighbours 1 2 3 4 5 0
2. Trust in Civil Protection 1 2 3 4 5 0
3. Trust in volunteering
organisations (Volunteer Fire 1 2 3 4 5 0
Brigades, Nu.vo.la, etc.)
4. Trust in local administration 1 2 3 4 5 0
5. Trust in the State 1 2 3 4 5 0

PREVENTION & STRUCTURAL PROTECTION WORKS

27.

28.

29.

30.

Do you know any structural protection works in this area, aimed at reducing
damage from hydrogeological risk?

1.  Yes (specify )
2. No (jump to question nr. 29)

[If they answered yes to the previous question (answer nr. 1 to question nr. 27)]
Concerning these structural protection works, to what extent do you agree with

the following statements? [On a scale from 1 (min) to 5 (max)]
[

don’t
Completely disagree Completely agree  know
1. Structural protection works elim-
inate the possibility of serious 1 2 3 4 5 0
damage
2. Structural protection works are
too expensive, compared to their 1 2 3 4 5 0
benefits
3. Structural protection works give
a feeling of safety to people liv- 1 2 3 4 5 0
ing in the area
4. Structural protection works fos- 1 5 3 4 5 0

ter economic development

There exist different measures to prevent and reduce damage from hydrogeo-

logical phenomena. According to you, what would be the most urgent here in
(town name)? [max 2 answers]

1. Build new structural protection works such as dams, check dams, barriers, diversion chan-

nels, etc. (or improve the existing ones)
2. Ensure a better maintenance of the existing ones

3. Manage the land differently (specify )

4. Improve the preparedness of those people who live in risk areas (through exercises, courses,
etc.)

5. Other (specify )

Hydrogeological phenomena cause greater damage to buildings in risk areas.

According to you, what is the situation here in (town name)?
1.  Nothing was ever built in risk areas

In the past something was built in risk areas

Nowadays something is built in risk areas

Both in the past and nowadays something was/is built in risk areas

I don’t know

v wnN
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KNOWLEDGE AND RISK COMMUNICATION
31. Knowledge about hydrogeological phenomena can come from various sources.
[On a scale from 1 (min) to 5 (max)] To what extent did the following contribute
to form your knowledge about hydrological phenomena?

Significant I don’t
Not at all contribution know
1. Direct experience 1 2 3 4 5 0
2. Knowledge and ex.perlem.:ed ) 3 4 5 0
passed on from relatives, friends, etc.
3. Official information 1 2 3 4 5 0
4. Personal search 1 2 3 4 5 0
5. Other (specify ) 1 2 3 4 5 0

32. To the best of your knowledge, were there public events to communicate in-
formation on hydrogeological phenomena?
1. Yes (specify )
2. No (jump to question nr. 35)
3.l don’t know (jump to question nr. 35)

33. To the best of your knowledge, did these events mention any of these topics?

Yes No | don’t know
1. Risk awareness and knowledge 1 2 0
2. How to implement private risk reduction measures 1 ) 0
(before and during the event)
3. Emergency plan and risk communication 1 2 0
4. Other (Specify ) 1 2 0

34. Did you participate to said events?
1. Yes (specify )
2. No
3. Idon’t know

35. Inthe following list there is a number of elements which can be used for reduc-
ing hydrogeological risk. [On a scale from 1 (min) to 5 (max)] To what extent the
following elements make you feel safe?

I don’t

Minimum safety Maximum safety know
1. Structural protection works 1 2 3 4 5 0
2. Early warning systems 1 2 3 4 5 0
3. Civil Protection 1 2 3 4 5 0
4. Voluntary Fire Brigades 1 2 3 4 5 0
5. Information received 1 2 3 4 5 0
6. Personal experience 1 2 3 4 5 0
7. Neighbours 1 2 3 4 5 0
8. Your home 1 2 3 4 5 0
9. Other (specify ) 1 2 3 4 5 0

36. In case a hydrogeological phenomenon would occur, [on a scale from 1 (indi-
vidual) to 5 (authorities/associations)] where should the responsibility to in-
tervene fall?

I don’t
Individual Authorities/associations know
1 2 3 4 5 0
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37. According to you, what is the best way to communicate risk?

38. Does the Province of Trento have activities or tools to mitigate risk?
1. Yes (specify )
2. No

39. Would you like to receive more information on hydrogeological phenomena?
1. Yes (specify which )
2. No

40. Would you like to receive more information on the tools used by the Province

of Trento to mitigate risk?
1. Yes
2. No

SOCIO-DEMOGRAPHIC INDICATORS
41. Yearofbirth |__|_|_|_|

42. Gender
1.  Male
2.  Female

43. Highest education achieved (lower secondary, upper secondary, university
degree, etc.)

44, [On a scale from 1 (min) to 5 (max)] To satisfy the needs of your household,

your household income is:

Insufficient More than sufficient I don’t know

1 2 3 4 5 0
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A2 — Survey form related to Paper II

FEELING OF SAFETY
1. How long have you been living in Negrar?
1. From birth (jump to question nr. 3)
2.From___ (yyyy)
2. If you haven’t always lived here, where did you live before?
1. Another municipality in the same region (specify )
2. Somewhere else in Italy (specify )
3. Somewhere else abroad (specify )
4. Another frazione in the same municipality
3. [On ascale from 1 (min) to 5 (max)] To what extent living in Negrar make you
feel safe?
Maximum safety I don’t
Minimum safety know
1 2 3 4 5 0
4. [On a scale from 1 (min) to 5 (max)] In the following list, could you indicate to
what extent each of these events could pose a threat for you or your house-
hold?
Severe threat I don’t
Not at all know
1. Earthquake 1 2 3 4 5 0
2. Terror attack 1 2 3 4 5 0
3. Robbery 1 2 3 4 5 0
4. Drought 1 2 3 4 5 0
5. Fire 1 2 3 4 5 0
RISK ASSESSMENT
5. [On ascale from 1 (min) to 5 (max)] Considering floods, to what extent do you
think they pose a threat to
Severe I don’t
Not at all threat know
1. Your home 1 2 3 4 5 0
2. You personally 1 2 3 4 5 0
3. The town as a whole 1 2 3 4 5 0
6. [Onascale from 1 (min)to 5 (max)] How much damage do you think a potential
future flood could cause to your home?
Severe da- I don’t
No damage mage know
1 2 3 4 5 0
7. [Onascale from 1 (min) to 5 (max)] How did your flood risk awareness change,
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compared to one year ago?

I don’t
Decreased Unchanged Increased know
1 2 3 4 5 0



PERSONAL EXPERIENCE

8. Have you ever been involved, in the past, in floods or similar events here or
elsewhere?

1.Yes,in|__|__|__|__] in(location)
2.No

9. InSeptember 2018 a flood hit Negrar. Were you here when the event occurred?
1.Yes

2.No (because )

10. (Only if already residing in Negrar in September 2018) [On a scale from 1 (min)
to 5 (max)] Please assess the severity of the damage suffered by you or your
home following the 2018 event:

Severe da-

No damage mage |don’t know
1 2 3 4 5 0

11. If you suffered damages, what kind?

12. Did you think something like this could occur here, before the 2018 event?
1. Yes
2.No
3. 1don’t know

13. Do you think a similar event could occur again here in the future?
1. Yes (because )
2. No (because )
3. 1don’t know

INDIVIDUAL PREPAREDNESS
14. [On a scale from 1 (min) to 5 (max)] To what extent do you feel prepared to
face a flood event, should it occur again?

Highl d
Not at all prepared lehly prepare | don’t know

1 2 3 4 5 0

15. [On ascale from 1 (min) to 5 (max)] How did your preparedness to face a flood
event change, compared to one year ago?

Decreased Unchanged Increased | don’t know

1 2 3 4 5 0

16. Did you adopt any structural protection measure (e.g. movable bulkheads,

valves, etc.) for your household? [in case they adopted them before and after, cross 1 and write
a note on the side]

1. Yes, before the 2018 event (which? )

2. Yes, after the 2018 event (which? )

3.No

17. (Only if they replied “No” to question nr 16) Why didn’t you adopted any struc-
tural protection measure to protect your household from floods? [max 2 an-
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18.

19.

20.

21.

22.

23.
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swers]
1. | don’t need them/I live in a safe area
I didn’t know about them
| was interesred, but they are too expensive
These events are rare so it would be more a cost than a benefit
I don’t know who to contact to install them
Protection from natural hazards is the local authorities’ responsibility
I'm not interested
Other

O NV AWN

(Only if they replied “No” to question 16) Do you intend to adopt any in the

future?
1. Yes
2.No
3. 1don’t know

(Only if they replied “Yes” to question nr 16 or “Yes” to nr 18) Which was/is the

main reason you wan to adopt structural protection measures?
1. Because it was recommended by friends, relatives, or the local administration
2. Because | fear the occurrence of a flood
3. Because | fear damages to my household
4. Other (specify )

(Only if they replied “Yes” to question nr 16 or “Yes” to nr 18) [On a scale from
1 (min) to 5 (max)] Concerning structural protection measures:

I don’t
Not at all effective Very effective know
How effective do you 1 2 3 4 5 0
think they are in reducing
damage from floods?
I don’t
Very low Very high know
How do you assess their 1 2 3 4 5 0

cost?

Did you insure your house against floods?

1.  Yes, before the 2018 event
2 Yes, after the 2018 event
3. No

4 I don’t know

(Only if they replied “No” to question nr 21) Why didn’t you insure your house

against floods? [max 2 answers]
1. | don’t need it/I live in a safe area
I didn’t know about it
| was interesred, but it’s too expensive
These events are rare so it would be more a cost than a benefit
It is not my responsibility, but the landlord’s
Protection from natural hazards is the local authorities’ responsibility
I'm not interested
Other

O NV AWN

(Only if they replied “No” to question nr 21) Do you intend to insure your house
in the future?



24,

25.

26.

1. Yes
2. No
3.1don’t know

Only if they replied “Yes” to question nr 21 or “Yes” to nr 23) Why do you in
tend to insure your house against floods?

1. Because it was recommended by friends, relatives, or the local administration

2. Because | fear the occurrence of a flood

3. Because | fear damages to my household

4. Other (specify )

[On a scale from 1 (min) to 5 (max)] Concerning insurance:

I don’t
Not at all effective Very effective know
How effective do you 1 2 3 4 5 0
think it is in reducing
damage from floods?
Very low . | don’t
Very high know
How do you assess its 1 2 3 4 5 0

cost?

Tthere are various measures to reduce and prevent damage caused by floods.
According to you, what are the most urgent ones to adopt here in Negrar? [max
2 answer]

1.  Building new structural protection works

A better maintenance of the local streams

A different land management (specify )
Improve early warning systems

Improve the preparedness of people living in the town
Other (specify )

ok wnN

STRUCTURAL PROTECTION WORKS

27.

Do you know any structural protection works in this area, aimed at reducing
flood risk?

1. Yes (which? )
2.No

28. Do you know about this structural protection works? [show picture of construction site]

29.

30.

1. Yes
2. No (jump to question nr. 30)

(Only if they replied “Yes” to question nr 28) How did you come to know it?
1. On my own

2. Via friends or relatives

3. Via the local administration

4. Via newspapers

5. Other (specify )

To what extent do you agree with the following statements?
Completely Completely I don’t
disagree agree know
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1. Structural protection works eliminate

1 2
the possibility of serious damage 3 4 5 0
2. i -
Struct.ural protection work.s are to<.) ex 1 5 3 4 5 0
pensive, compared to their benefits
3. Structural protection works give a feel- 1 5 3 4 5 0

ing of safety to people living in the area

KNOWLEDGE
31. Knowledge about flood can come from various sources. To what extent did the

following contribute to form your knowledge about floods?
Significant I don’t

Not at all contribution know
1. Direct experience 1 2 3 4 5 0
2. Knowledge and experienced passed on from 1 2 3 4 5 0
relatives, friends, etc.
3. Official information 1 2 3 4 5 0
4. Personal search 1 2 3 4 5 0
5. Other (specify ) 1 2 3 4 5 0

32. Do you know about other flood events that occurred in this region, or in neigh-
bouring regions, in the last year?
1. Yes (which? )
2.No

33. Did you participate in informative events on floods and flood risk in the last
year?
1. Yes (which? )
2.No

TRUST IN LOCAL ADMINISTRATION
34. [On ascale from 1 (min) to 5 (max)] To what extent do you agree with the fol-
lowing statements?

Completely Completely I don’t
disagree agree know
1. The local administration would inform
me should flood risk in my area change sig- 1 2 3 4 5 0
nificantly
2. I trust local acfmlnlstratlon when it comes 1 2 3 4 5 0
to flood protection
3. The local administration has al b
e local administration has always been 5 3 4 5 0

efficient when it comes to flood protection

35. In some cases, the public administrations provide support to adopt structural
protection measures for private households. [On a scale from 1 (min) to 5
(max)] What support did your household receive from local, regional, or gov-

ernmental administrations?
Significant 1 don’t

No support
PP support know
1. Economical support to finance pro-
: pport P 1 2 3 4 5 0
tection measures against floods
2. Material support (like sandbags or
prort{ g 1 2 3 4 s 0

movable barriers)
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3. Information and awareness-raising 1 2 3 4 5

SOCIO-DEMOGRAPHIC INDICATORS
36. Yearofbirth| | | | |

37. Gender
1. Male
2. Female
3. Other

38. The home where you live is:
1. Yours, your family’s
2. Rented
3. Other (specifiy )

39. Highest education achieved:
1. Primary school
2. Lower secondary school
3. Upper secondary school (3 years)
4. Upper secondary school (5 years)
5. University degree

40. [Onascale from 1 (min) to 5 (max)] To satisfy the needs of your household, your

household income is:

More than
Insufficient sufficient | don’t know
1 2 3 4 5 0

Do you agree to be contacted again to fill in this same survey in the future?
1.Yes (contact — telephone nr/e-mail:

)

2.No
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A3 — Survey form related to Paper III
(LENGTH OF RESIDENCE & SAFETY

1. How long have you been living in Negrar?
1. Since | was born (skip to question nr. 3)

2.Since___ (yyyy)
2. If you haven’t always lived in Negrar, where did you live before?
1. In another municipality within the same region (please specify )
2. Elsewhere in Italy (please specify )
3. Elsewhere (please specify )
4. In another frazione of the same municipality
3. [Onascale from 1 (min) to 5 (max)] Does “living here” make you feel safe?
Very unsafe Very safe | don’t know
1 2 3 4 5 0
4. [Onascale from 1 (min) to 5 (max)] In the following list, could you indicate to
which extent you think each of these events represents a danger for you per-
sonally or for your house?
Serious I don’t
Not at all danger know
1. Earthquake 1 2 3 4 5 0
2. Terror attack 1 2 3 4 5 0
3. Robbery 1 2 3 4 5 0
4. Drought 1 2 3 4 5 0
5. Fire 1 2 3 4 5 0
5.  Areyou or anyone in your family a member of the Civil Protection?
1. Yes, | am a member
2. Yes, someone of my kin is a member (specify )
3. Yes, both | and a /some kin are members (specify )
4. No

6. [Onascale from 1 (min) to 5 (max)] Considering floods, do you think they are a

threat for
Serious I don’t
Not at all threat know
1. Your house 1 2 3 4 5 0
2. Yourself 1 2 3 4 5 0
3. Your town 1 2 3 4 5 0

7. [Onascale from 1 (min) to 5 (max)] What damages would you expect from

a future flood?
Very serious
No damage damage I don’t know

1 2 3 4 5 0

8. In September 2018 in Negrar it happened that (short descrip-

tion of the event). Were you here at that time?
1. Yes



2. No (why )

9. Please rate the seriousness of the damage suffered (by you or your property)
after the event of September 2018, if any. [on a scale from 1 (min) to 5 (max)]
Very serious
No damage damage I don’t know
1 2 3 4 5 0

10. Have you ever been involved in similar events in the past, here or elsewhere?
1.Yes,intheyear] | | | [in
2.No

11. Before the (yyyy) event, would you think something like this

might happen here?
1. Yes

2. No

3.1don’t know

12. [On ascale from 1 (min) to 5 (max)] Presently, how well prepared do you feel
to face a flood, in case it happens again?

Not prepared at all Very well prepared I don’t know
1 2 3 4 5 0

13. Please indicate if and when you intend to adopt the following risk reduction
measures. If you already adopted one or more of them, please state whether
you did so before or after the September 2018 event.

will

maybe Already Already

adopt in Will adopted adopted
Will not the fu- adopt (post- (pre- Idon’t
adopt ture soon event) event)  know

Elevated ground floor
“» above the most likely 1 2 3 4 5 0
o
5 flood level
§ Reinforced founda-
€ tions against water 1 2 3 4 5 0
pressures
Backflow valves 1 2 3 4 5 0
_ Ground floor and
& walls made of water- 1 2 3 4 5 0
g resistant materials
@ Special installation
IS (e.g.-h|gher up) of. 1 2 3 4 5 0
heating and electric
system
Keeping personal val-
uables and documents 3 2 5 0
out of flood-prone ar-
eas of the house
Keeping expensive ap-
pliances (washing ma- 1 2 3 4 5 0
chine, boiler etc.)

Structural

Structural

Avoidance
measures
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above expected flood

levels

Adapted use of base-

ment and ground 1 2 3 4 5 0
floor

Mobile barriers (e.g.

metal/wood shields) 1 2 3 4 5 0
available

Emergency plan for
household in case of
floods (e.g. where to
g0, what to take with
me)

Emergency measures

=
»

[On a scale from 1 (min) to 5 (max)] How effective are the risk reduction
measures overall at helping to reduce the risk of floods impacting your
property and life? (show table)

Not effective Don’t

atall Very effective  know
Structural measures | 1 2 3 4 5 0
Structural measures Il 1 2 3 4 5 0
Avoidance measures 1 2 3 4 5 0
Emergency measures 1 2 3 4 5 0

15. [On a scale from 1 (min) to 5 (max)] How long will it take you to implement
risk reduction measures? (show table)

Don’t

Very short time Very long time  know
Structural measures | 1 2 3 4 5 0
Structural measures || 1 2 3 4 5 0
Avoidance measures 1 2 3 4 5 0
Emergency measures 1 2 3 4 5 0

16. [On ascale from 1 (min) to 5 (max)] How expensive do you think will it be
to take risk reduction measures? (show table)

Don’t

Very low cost Very expensive  know
Structural measures | 1 2 3 4 5 0
Structural measures Il 1 2 3 4 5 0
Avoidance measures 1 2 3 4 5 0
Emergency measures 1 2 3 4 5 0

17. [On ascale from 1 (min) to 5 (max)] Please indicate how much you agree
with the following statements.

Completely Completely I don’t
disagree agree know
1. I would feel encouraged to take
risk reduction measures myself if 1 ) 3 4 5 0

some of my neighbors, friends or
family does the same.
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2. 1 would like to take extra

precautions against flooding if | am

rewarded or assisted by the 1 2 3 4 5 0
government (with subsidies,

exemptions, etc.)

3. Taking extra risk reduction

measures against flooding is a 1 2 3 4 5 0
priority for my household

4. Taking extra precautions against

flooding contributes to a safer future 1 2 3 4 5 0
for my family and fellow citizens

18. Are you aware of any works (infrastructures) built in this area as protection

from possible damage from floods?
1. Yes (specify )
2. No (skip to question nr. 20)

19. (If you answered yes to the previous question, answer n.1 to question 18) How
much do you agree with the following statements? [On a scale from 1 (min) to

5 (max)]
Completely Completely I don’t
disagree agree know
1. The .p.rotectlor} works eliminate the 1 ) 3 4 5 0
possibility of serious damages
2.. The protection works are too exper.1- 1 ) 3 4 5 0
sive compared to the expected benefit
3. The protection works give a sensa-
tion of security to people living here in 1 2 3 4 5 0
Negrar
4. The protection works promote/help
the economic development of our com- 1 2 3 4 5 0
munity

20. There are many ways to learn about hydrological phenomena. Please evaluate
how the following have contributed to your personal knowledge about hydro-
geological phenomena? [On a scale from 1 (min) to 5 (max)]

No contri- Maximum I don’t
bution contribution know
1. Personal experience 1 2 3 4 5 0
2. Local knowledge (e.g. from elderly 1 2 3 4 5 0
people experience)
3. Official training and information in- 1 2 3 4 5 0
itiatives
4. Own’s initiative 1 2 3 4 5 0
5. Other (specify ) 1 2 3 4 5 0

21. [On ascale from 1 (min) to 5 (max)] Please indicate how much you agree

with the following statements:
Completely Completely I don’t
disagree agree know




1. The government will inform me if

the flood risks in my home area 1 2 3 4 5 0
changes significantly

2. | trust the government with regard
to protection against flooding

3. The government has always done
well in terms of protection against 1 2 3 4 5 0
flooding in Italy

22. Sometimes, public bodies offer help with flood protection to private house-
holds. What kind of public support from local, regional or national bodies have
you received?

Minimum Maximum I don’t
support support know
1. Fllnanual a.ld.for financing flood pro- 1 ) 3 4 5 0
tection (subsidies, loans, etc.)
2. Material support, such as distribution 2 3 4 5 0
of sandbags and other mobile barriers)
3. Information and awareness raising 1 ) 3 4 5 0

(folders, web-platforms, early warning)

23. Is your home ensured against flooding?

1. Yes
2. No
3. Idon’t know

24.Yearofbirth | | | |

25. Gender
1. Male
2. Female
3. Other

26. The house you are living in is:
1. Yours/your family property
2. Rented
3. Other (specify )

27. Educational qualification (specify the last school/college year attended)
1. Primary school
2. Middle school
3. Professional high school (usually 3 years)
4. High school (5 years)
5. University degree or higher

28. To satisfy the needs of your family, your income is:

Not sufficient Largely sufficient | don’t know
1 2 3 4 5 0
Would you be willing to take part in this survey again in the future?
1. Yes (contact — phone/email: )
2. No

84



A4 — Survey form related to Paper IV & V
(UKELHOOD

1. How likely do you think it is that you are directly involved in the following phe-
nomena?

. . I don’t

Not at all likely Very likely know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
Domestic violence 1 2 3 4 5 0
Economic crises 1 2 3 4 5 0
Climate change 1 2 3 4 5 0

2. In case you are directly involved, how much damage do you think the following
phenomena can cause to you?

I don’t

Not damage Severe damage know

o

Epidemics 1
Floods

Droughts
Wildfires
Earthquakes
Terror attacks
Domestic violence
Economic crises
Climate change
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NNNNNNNNN
WwWwWwwwwwww
R A i e e
(SR I, IV, T I, RV, T T
O OO OO0 oo o

3. In case they occur in [country], how much damage do you think the following
phenomena can cause to others living in [country]?

I don’t

Not damage Severe damage know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
Domestic violence 1 2 3 4 5 0
Economic crises 1 2 3 4 5 0
Climate change 1 2 3 4 5 0
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4. How prepared do you think the responsible authorities in [country] are to face
the following phenomena?

Not at all Highly I don’t

prepared prepared know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
Domestic violence 1 2 3 4 5 0
Economic crises 1 2 3 4 5 0
Climate change 1 2 3 4 5 0

5. In case you are directly involved, how prepared do you think you are to face
the following phenomena?

Not at all Highly I don’t

prepared prepared know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
Domestic violence 1 2 3 4 5 0
Economic crises 1 2 3 4 5 0
Climate change 1 2 3 4 5 0

6. How knowledgeable do you think the responsible authorities in [country] are on
the following phenomena?

Not at all Highly I don’t

knowledgeable knowledgeable know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
Domestic violence 1 2 3 4 5 0
Economic crises 1 2 3 4 5 0
Climate change 1 2 3 4 5 0

7. How knowledgeable are you on the following phenomena?

Not at all Highly I don’t

knowledgeable knowledgeable know
Epidemics 1 2 3 4 5 0
Floods 1 2 3 4 5 0
Droughts 1 2 3 4 5 0
Wildfires 1 2 3 4 5 0
Earthquakes 1 2 3 4 5 0
Terror attacks 1 2 3 4 5 0
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Domestic violence
Economic crises
Climate change

8. Have you ever been directly involved in the following phenomena, in [country] or

abroad?

Epidemics

Floods

Droughts
Wildfires
Earthquakes
Terror attacks
Domestic violence
Economic crises
Climate change

Yes No | don’t know
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0

9. What is the highest level of education you achieved?

Primary school

o v~ wWwN

I'd rather not say

Lower secondary school
Professional high-school
Upper secondary school/high-school
University degree or higher

10. To satisfy your family’s needs, your household income is:

Insufficient

More than sufficient  I'd rather not say

1 2

11. Do you have a job?

1 Yes
2 No
0 I'd rather not say

3 4 5 0

12. [Only if they replied yes to question nr. 11] Which of the following categories
best represent the sector in which you are employed?

O oo~NOULLhd WN

=
o

Industry, technology, produc-
tion

IT & telecommunications
Media e communication
Healthcare

Construction and real estate
Trade and commerce
Transportation and logistics
Hotel and restaurants industry
Organisations and associa-
tions

Bank, finance and insurance

Other consultancy services

Public administration and defense

School and education (kindergarten to high school)
Academia and research (university)

Culture, leisure, and free time

Energy and environment

Agriculture, silvicolture and fishery

Other services

Other category

I'd rather not say



13. It is said that political opinions can be placed on a left-right scale. Where
would you place yourself on such a scale?
I’d rather not
say
1 2 3 4 5 0

Left Centre-left Centre Centre-right Right

*Age, gender, and region of residents were available for each respondent before the survey
started and therefore were not asked again.
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