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Abstract: Understanding what makes people vulnerable to flooding is key in informing the risk
management process. Non-structural measures, such as risk communication, can reduce vulnerability
by improving flood risk awareness, but they require a deep understanding of which factors influence
risk awareness, and how. We analysed and untangled the role of experience with, and knowledge of,
floods by conducting a survey in a municipality in North-eastern Italy that was hit by a flash flood
in 2018. The results show that previous experience with floods influences risk awareness not only
directly, but also indirectly through the knowledge that was gained from that experience. In addition,
specific (as opposed to generic) definitions of experience have been found to be better suited for
exploring their effects on risk awareness. Based on the literature and on our results, we propose an
experience-knowledge typology to help unravel the complex role that these two variables play in
shaping flood risk awareness.
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1. Introduction

Floods are among the most impacting natural hazards and are causing increasing damage
globally [1]. In the past decade only, they caused damage for an estimated 360 billion US$,
nine times higher than in the 1980s [1]. Flood risk can be seen as a function of hazard, exposure,
and vulnerability [2,3]. Over the past decades, flood risk management strategies shifted from a
focus on structural protection measures to non-structural efforts—such as early warning systems,
communication and awareness-raising campaigns, and relocation—aiming to reduce exposure or
vulnerability [4–6]. While flood exposure keeps on increasing globally, mostly because of population
growth, vulnerability to river flooding is declining worldwide [3]. Risk management efforts to increase
the implementation of non-structural measures may have contributed to vulnerability reduction [7].

Understanding what makes people vulnerable to flooding is key in informing the risk management
process. Often, flood vulnerability is associated with a lack of awareness of the natural surroundings.
To this end, risk communication strategies can improve flood risk awareness [8], but, to tailor them
properly, it is fundamental to understand what influences risk awareness and how it changes over time.
The literature provides contradictory results about the key variables that influence flood risk awareness
(a review is provided in [9]). This is the case for the variables “experience with the hazard” and
“hazard/risk knowledge”. Even if these two variables are included in almost every flood risk perception
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survey, few studies systematically analyse how they affect risk awareness, e.g., [9–11]. Moreover,
the results are contradictory with respect to a) the different definitions and operationalizations of
the variables “experience” and “knowledge” and b) the relationship between these variables and
risk awareness.

1.1. Heterogeneous Definitions of Experience

Throughout the literature, definitions of experience are highly heterogeneous, going from
generic to specific. Some scholars adopted damage severity as a proxy [12–16]. Others defined
experience as having one’s residence previously flooded, without investigating the severity of the
consequences [16–21]. Evacuation during previous floods has also been employed as a proxy [10,17,22],
even though it is not always a reflection of actual flood occurrence or flood damage. In many other cases,
experience gained a much broader connotation. Ho et al. [23], Halpern-Felsher et al. [24], and Bustillos
Ardaya et al. [22] use the number of times that one has generally been involved in a flood, without
specifying the level of involvement. Others use a general previous experience with floods, without
specifying whether it meant having one’s home flooded or just witnessing a flood without experiencing
damages [11,25–30]. Thistlethwaite et al. [31] investigated direct and indirect flood experience, with the
latter including flood experience of relatives or friends. Becker et al. [32] adopted previous exposure
as a proxy, asking whether the respondent’s municipality had been hit by a flood in the recent years.
Some authors did not even ask a question, but extrapolated the experience of the respondent from a
combination of his/her age and place of residence [33]. In many, but not all, of these studies, the authors
used a combination of different variables to describe flood experience. For instance, Scolobig et al. [27]
used several variables, including previous flood experience and damage severity; Bradford et al. [17]
used both previous flooding of the residence and evacuation. In addition, not all of the dimensions of
experience can be captured and measured using only quantitative data and indicators. The experience
of individuals is also influenced on some intangible aspects, such as agency, denial, or fatalism [34].

Our review also reveals that scholars use heterogeneous definitions of experience for multiple
reasons, which may be context specific and/or instrumental, e.g., for data analysis. The characteristics
of experience are not always the same in different situations and they need to be examined in their local
environment/context and in relation to one another. For example, damage severity may be employed
as a proxy in case of rather intense floods affecting a high percentage of the population. On the
opposite, broader definitions—e.g., those including simply witnessing a flood as “experience”—may
be employed in cases of minimal damage to households or few people affected by the flood.

Finally, even though, in the majority of the cases, experience with floods is reported to positively
contribute to risk awareness, in some it negatively correlates [24], in others it has unclear effects [14,17],
yet in others it does not appear to be significant [15,27].

1.2. Risk Awareness and Risk Perception

The different impacts that experience seems to have on flood risk awareness may be attributed to
inconsistent definitions of the experience variable. However, they may also be the result of testing
the variable on different risk awareness proxies. Within natural hazards literature, risk awareness is
often used interchangeably with another term, risk perception. Both concepts are found in a number
of different disciplines, ranging from psychology to geography, medicine, sociology, anthropology,
and political sciences [30–35]. However, their meaning slightly differs. Risk awareness can be defined
as knowledge of the presence of a risk, while risk perception can be defined as a broader “intuitive risk
judgement” [36]. This means that our level of awareness and the way in which we perceive a certain
hazard are doubtlessly correlated, but not interchangeable. While, in some cases, the difference is
mainly in the wording and the authors who use awareness and those who use perception may still
have the same concept in mind, in others this may not be true. Consequently, different proxies are then
adopted to operationalise what is sometimes called risk awareness and sometimes risk perception [21].
These vary from the likelihood of a flood occurring in the future in their location [10,19,21,25,36–38],
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the likelihood of a flood hitting their home/themselves [26], whether the respondents know they live in
a risk zone [16,18], or the probability of suffering financial damages [10,21]. Some scholars ask the
respondents to rate their personal flood risk as compared to that of others [10], or to what extent they
thought floods were a threat to themselves or others [21,25].

1.3. Information and Knowledge

Dretske [39] acknowledged that “there is a difference between hearing Clyde play the piano and
seeing him play the piano”. In a similar way, we acknowledge that there is a difference between
imagining and experiencing a flood. The creation of a mental imagery about a flood that we have not
experienced directly can also affect our risk awareness, especially because visual cognition/imagery
facilitates learning and memory [40].

Mental imagery can be further stimulated by acquiring historical, physical, geographical, and many
other types of information [41], which, in turn, can contribute to individual flood knowledge. Thus,
knowledge is certainly not only a product of direct flood experience. Sources of information can be e.g.,
books, hazard and risk assessments, maps, urban plans, and historical archives. Moreover, information
can be provided through different channels, including official sources (e.g., public authorities) and
informal networks (e.g., friends). Personal research is also an increasingly relevant source of information,
especially through internet/on-line searches. Formal education—from primary school to University—is
also a critical source of knowledge about floods and natural hazards more in general.

In this context, it is critical to distinguish between an individual’s self-assessed knowledge and
his/her scientific knowledge of a phenomenon (as assessed, for instance, by [10]). Not only can the
two potentially not always match [37,38], but they can also have different effects on the dependent
variables under study. In the psychometric paradigm, knowledge is defined as people’s perception of
how well they know a risk, and of how well a risk is known to science [40–43]. Fischoff et al. [44,45],
found that, if risks were adjusted to an acceptable level, then people were more likely to accept higher
risk levels for risks they felt they knew more about. They also found correlations between knowledge
and other variables, such as controllability (negative correlation), newness (negative correlation),
and voluntary exposure (positive correlation). In summary, the majority of studies revised for this
paper operationalise individual hazard knowledge as self-assessed knowledge (a review in [46,47]).

In outlining the role of knowledge in disaster risk reduction, Weichselgartner & Pigeon [48] clearly
emphasise the dynamic character of knowledge, which is built through social interactions that shape the
data, information, and facts that each individual is processing. In fact, the creation of knowledge does
not happen merely by providing new data/information, but rather when such information is processed.
In this regard, it is also worth mentioning that individuals with lower self-assessed knowledge tend
to be more receptive when it comes to processing new information [42]. From a risk communication
point of view, this implies that individuals with a higher self-assessed knowledge, those who feel they
“know a lot” about the hazards, may also be those less interested in receiving or searching for new
information. However, individuals with a higher self-assessed knowledge may also be those who
are more familiar with the hazard. In this sense, familiarity refers to the extent to which people have
become accustomed to a risk [46]. Here, the concept of familiarity brings together knowledge and
experience: a person who experienced a number of floods can get accustomed to the event and his/her
self-assessed knowledge about it may increase.

Our work aims to contribute to the scientific debate about the relationship between sources
of knowledge, experience, and awareness by unravelling the role of experience and self-assessed
knowledge derived from different sources in shaping flood risk awareness. This can inform future
research on flood risk perceptions, especially when it comes to the variables’ operationalisation, in order
to avoid unclear or even contradictory results due merely to the selection of survey questions. To this
end, we conducted a survey in a municipality in North-eastern Italy, recently hit by a flash flood.
We adopted a set of independent variables—all potential proxies for experience and knowledge—that
we regressed on a set of variables for flood risk awareness. In doing this, we considered various aspects
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that can be representative of one’s experience with and self-assessed knowledge of floods, both directly
and indirectly.

The following section will present the study area, the sampling methodology adopted, and the
operationalization of the variables. Section 3 will present the results. In Section 4, the results
are discussed and a new typology for risk awareness that is based on experience and knowledge
is presented.

2. Materials and Methods

The study area is the municipality of Negrar, located in the Veneto Prealps, north of Verona.
The municipality ranges between 70 and 860 m a.s.l. Three streams (locally known as progni) flow
through the municipality, progno di Negrar, Fosson, and progno di Novare, all flowing into the Adige
river downstream. Negrar is divided into smaller urban conglomerates that are mainly located in the
floodplain in the lower part of the municipality. The population steadily increased in the past years
and it amounts to approximately 17,093 residents as of 2018.

On September 1st, 2018 Arbizzano-Santa Maria, one of the small urban conglomerates of Negrar,
was hit by a flash flood [48,49]. After heavy rainfall that accumulated more than 180 mm in less than
three hours, progno di Novare (2 km2 at the section where it enters the urban settlement) overflowed
and inundated the nearby buildings, with the flood peak reaching 20 m3/s [50]. Because of its intensity,
this flash flood is characterized by more than a 100-year return period. The event caused serious
economic damage (~10 million €), and even though there were no casualties, around 3000 people
were affected.

The data collection was mainly focused in Arbizzano-Santa Maria (population ca. 4000),
the conglomerate most heavily impacted by the September 2018 flash flood (see Figure 1). In 2014,
the area experienced a similar event, but with a much lower magnitude. In the past century, only one
other significant flood event was recorded, in 1935, which caused significant damages and casualties.
To this day, the small flooding of basements often occurs in case of heavy rain, especially concerning
households located near the streams, in areas that were heavily urbanized in the second half of the
1980s. The Veneto region, where the study area is located, experienced major flooding in the past
decades, and the area shows an increase in flood events [51,52]. Nevertheless, the municipality does not
have flood risk maps in place at the communal level, and the flood risk assessment at the Adige river
basin level (known as Piano di Assetto Idrogeologico dell’Adige), characterized by a low resolution,
does not report any flood risk for the municipality.

Flood response data collection was based on a post flood survey, including radar rainfall reanalysis,
the estimation of flood peaks based on high water marks, and consistency analysis based on flood
modelling, following the methodology that was described by Amponsah et al. [53] and Borga et al. [54].
Social data collection was based on retrieving data from existing sources, such as census data and
provincial archives, and a questionnaire survey carried out through face-to-face interviewing of
the residents of Arbizzano-Santa Maria. We opted for a stratified sample of residents based on
quotas [55], since a random sample would not be fit for purpose, as it might result in the exclusion
or underrepresentation of those residents of particular interest to us (that is, those living in the most
risky areas and the households most affected by the 2018 flood). We constructed a sample stratified
according to age and gender (Italian National Census data). To respect the statistical distribution of
these variables in the local population, we provided each interviewer with some grids containing
the target distribution of interviewees. The demographic data were provided by the Civil Registry
of Negrar. Moreover, the administration provided a list of residents that were affected by the flash
flood who agreed to be interviewed. The interviewers first contacted the people on the list via phone
calls to set appointments for the interviews. This preliminary step was fundamental to establish trust
in the local community. In turn, the residents already interviewed helped the interviewers establish
trust with neighbours in order to facilitate the interviewing process in households affected by the 2018
flood and avoid unnecessary nuisance. In parallel, the interviewers received a map of the study area
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and contacted each household in each and every street, to maximise randomisation and, at the same
time, fill in the quotas that are required for age and gender. The unit of analysis was the individual,
and interviewees were instructed to contact only one person per household and to interview her/him
face to face. The necessity to interview only one person per household is due to the presence of
questions relating to the adoption of protection measures within the household that are not discussed
in the present paper, but are extensively presented in Weyrich et al. [56]. Thus, interviewing more than
one person per household would have led to the creation of duplicates for the questions about the
adoption of protection measures.
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Figure 1. Study site location and flooded areas.

Data were collected throughout a two-week period from 18 February to 1 March 2019,
approximately six months after the event. The survey was approved by the local authorities.
Participants received no incentive to complete the survey, which took them, on average, about
30 minutes. A total of 146 residents completed the survey. Respondents ranged in age from 20 to
89 years (M = 53.38, SD = 17.99), and n = 77 (52.7%) were female. When compared to the average
population in Negrar, the sample was slightly older than the average (M = 44.7 years), similar for the
gender ratio of female (50.4%) and male (49.6%). Slightly more than half of the respondents (56%)
reported some sort of damage caused by the flooding event of September 2018.

We used eight variables to explore respondents’ experience with floods, as briefly mentioned in
Section 2. They are divided into two main groups below. One group includes variables that describe
experience with flooding events, while the other group includes variables that describe the self-assessed
knowledge the respondents may have gathered on floods throughout their life and through personal
experiences. The length of residence was included to test experience, as it was operationalized by
Steinführer and Kuhlicke [33]. Table 1 shows each variable together with the related question and
available answers. Table 2 lists the variables employed to test awareness. The questionnaire included,
in total, 68 items and it is available in the Supplementary materials.
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Table 1. Independent variables.

Variable name Question Answer Options *

General feeling of safety In general, how safe do you feel living in this
area?

On a scale from 1, “Not at all safe”
to 5, “Very safe”,

or 0, “I don’t know”
Experience

Presence during the 2018
event Were you present during the 2018 event? 1. Yes; 2. No

Previous flood experience
Were you ever involved in a similar event in

the past, here or elsewhere? 1. Yes; 2. No

Damage severity Can you evaluate the severity of the damage
suffered by yourself or your house?

On a scale from 1, “No damage” to
5, “Serious damage”, or 0, “I don’t

know”
Length of residence For how long have you been living here? 1. Since birth; 2. Since ____(year)

Knowledge

Knowledge from direct
experience

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

On a scale from 1, “No
contribution” to 5, “Great

contribution”, or 0, “I don’t know”

Information passed on by
others

How much did information passed on by
others (parents, relatives, friends, etc.)
contribute to your knowledge of floods?

On a scale from 1, “No
contribution” to 5, “Great

contribution”, or 0, “I don’t know”

Information from official
sources

How much did official information contribute
to your knowledge of floods?

On a scale from 1, “No
contribution” to 5, “Great

contribution”, or 0, “I don’t know”

Personal research of
information

How much did your personal research for
information contribute to your knowledge of

floods?

On a scale from 1, “No
contribution” to 5, “Great

contribution”, or 0, “I don’t know”

Threat appraisal before the
event

Before the 2018 event, did you think
something like this could occur here? 1. Yes; 2. No; 0. I don’t know

* “I don’t know” answers were categorized as NA and excluded from the analysis.

Table 2. Dependent variables.

Variable name Question Available Answers *

Perceived threat to self
Considering floods, to what extent do
you think they represent a threat to

yourself personally?

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”,

or 0, “I don’t know”

Perceived threat to home
Considering floods, to what extent do
you think they represent a threat to

your home?

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”,

or 0, “I don’t know”

Perceived threat to town as a
whole

Considering floods, to what extent do
you think they represent a threat to

the town as a whole?

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”,

or 0, “I don’t know”

Perceived threat from other types
of hazard **

Considering (hazard), to what extent
do you think it represents a threat to

the town as a whole?

On a scale from 1, “Not at all a
threat” to 5, “Serious threat”,

or 0, “I don’t know”

Expected future damage
How much damage do you think a

potential future flood could cause to
your home?

On a scale from 1, “No damage” to
5, “Serious damage”,
or 0, “I don’t know”

* “I don’t know” answers were categorized as NA and excluded from the analysis; ** Earthquake, robbery, drought,
terror attack, fire.

The statistical analysis was conducted using the software for statistical computing R (version 3.5.2.).
We used the package “ordinal” [57], developed for analysing ordinal data, to run multiple single ordinal
logistic regressions (ordered logit), a type of regression model adopted when the dependent variable
has an ordinal nature. In this case, all of the dependent variables are ordinal, i.e., the respondents had
to reply on an ordered discrete scale from 1 to 5. We adopted a 95% confidence interval. The p-values
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have been adjusted with the Hochberg correction. The next section presents the results of the
statistical analysis.

3. Results

The majority of respondents feel relatively safe living in the area, with the majority of respondents
reporting 4 (41%) or 5 (31%) on the (1 min. 5 max) Likert-type scale. When it comes to the perceived
threat caused by floods (see Figure 2), respondents show a much greater concern for the town as a
whole compared to themselves. These results show an optimistic bias in the interviewees’ responses
about flood risk awareness. Indeed, the respondents tend to see themselves in a safer position when
compared to the town as a whole. Robbery seems to be the greater concern when it comes to personal
safety, followed by earthquakes. Drought, fires, and terror attacks are not concerning to the residents.
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The majority of respondents (82%) were present during the 2018 flood event, but only 22%
reported having experienced a similar event in the past. This may be attributed to the fact that 75% of
respondents live in the area for more than 20 years, and only few other milder floods have occurred
in the past. Indeed, the majority (74%) never thought that a similar event could occur in the study
area. In general, the respondents consider their income sufficient or more than sufficient to satisfy
their household needs, with the majority reporting 3 (45%), 4 (19%), or 5 (20%), on the (1 min. 5 max)
scale. Slightly more than half of the respondents reported some sort of damage caused by the 2018
event (56%).

3.1. Flood Experience

The results from the ordered logits show that different experience proxies influence different facets
of the perceived threat (see Table 3). Respondents who were present during the 2018 event are three
times more likely to report a higher perceived threat to themselves personally, while this variable does
not seem to affect the perceived threat to their home and to the town as a whole, or expected future
damage. On the other hand, respondents who experienced greater damages during the 2018 event
are two and a half times more likely to report a higher perceived threat to their home and one and a
half times more likely to report a higher expected future damage. Having experienced an event prior
to the 2018, one does not seem to directly influence the respondents’ perceived threat to either their
home, self, town as a whole, or expected future damage. The length of residence in the area does not
influence any of the awareness proxies, but this is likely due to the majority of respondents (~70%)
moving in the area in the 1980s, and no major event occurring in the past 30-40 years. Even though
some respondents reported the occurrence of a flood in 2014, this was an event with a much lower
magnitude as compared to the 2018 flood, and it affected a much lower fraction of the local population.
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Table 3. Odds Ratios resulting from the single regressions.

Independent variables Perceived
Threat

Expected
Future Damage

Self Home Town

General feeling
of safety (–) 1.79 **

(1.29–2.50)
1.94 **
(1.38–2.76)

1.56
(1.11–2.20)

1.73 **
(1.24–2.42)

Experience

Presence during 2018
event 3.03 *

(1.47–6.72)
0.60
(0.28–1.25)

0.81
(0.38–1.74)

1.58
(0.73–3.44)

Damage severity in 2018 1.2
(0.98–1.48)

2.45 ***
(1.87–3.27)

1.22
(0.98–1.52)

2.70 ***
(2.07–3.60)

Previous experience 0.99
(0.50–1.97)

0.68
(0.34–1.35)

0.64
(0.31–1.31)

1.62
(0.78–3.37)

Length of residence 1.37
(1.02–1.83)

1.46
(1.08–2.02)

1.38
(1.01–1.94)

1.00
(0.99–1.02)

Knowledge

From direct experience 1.40 *
(1.11–1.76)

1.41 **
(1.14–1.77)

1.45 **
(1.17–1.80)

1.39 *
(1.13–1.72)

Passed on by others 1.36 *
(1.12–1.66)

1.18
(0.98–1.44)

1.21
(0.99–1.49)

1.04
(0.86–1.26)

From official information 0.99
(0.77–1.27)

0.98
(0.75–1.25)

1.05
(0.81–1.35)

0.90
(0.70–1.16)

From personal research 1.10
(0.90–1.33)

1.11
(0.91–1.35)

1.10
(0.90–1.39)

1.07
(0.88–1.30)

Threat appraisal before the
event 2.99 **

(1.51–6.02)
0.65
(0.33–1.30)

0.78
(0.39–1.55)

1.07
(0.54–2.11)

Socio-economic

Gender 1.85
(1.03–3.35)

1.69
(0.95–3.04)

2.61 *
(1.43–4.85)

2.44 *
(1.35–4.46)

Education (–) 1.30
(0.99–1.71)

1.06
(0.82–1.38)

1.23
(0.92–1.62)

1.04
(0.80–1.34)

Income (–) 1.44
(1.10–1.89)

1.13
(0.87–1.47)

1.65 **
(1.23–2.22)

1.07
(0.83–1.40)

(–) indicates a negative effect; 95% confidence interval in brackets; p < 0.001 ***, p < 0.01 **, p < 0.05
* (Hochberg adjusted).

3.2. Sources of Flood Risk Knowledge

Rather than assessing the individual flood risk knowledge, we analysed the influence of different
sources of information on individual knowledge. Sources included direct experience, other people,
official information, and personal research. The results show that it is primarily direct experience
with floods, followed by personal research of information, and knowledge passed on by others
that contribute to personal flood risk knowledge. Remarkably, official sources play a minor role
(see Figure 3).
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The respondents who report that direct experience with the hazard contributed to their knowledge
are also more likely to report a higher perceived threat to their home, self, town as a whole, and higher
expected future damage (see Table 3). When it comes to other sources of knowledge, secondary
knowledge passed on from relatives or friends is the only variable that has an effect. The respondents
with a greater knowledge passed on from others are more likely to report a higher perceived threat to
themselves personally. Respondents who thought that a similar event could occur in the study area, i.e.,
those with a higher threat appraisal before the event, were also more likely to report a higher perceived
threat to themselves. Even though the knowledge derived from personal research of information does
not affect any of the awareness proxies, it is worth mentioning that the percentage of respondents who
gave it a score of 4 or 5 is much higher as compared to the one found by De Marchi et al. [34] (31% vs.
15%). We attribute this to the increased access to information, especially via the Internet, as compared
to 2005, when De Marchi et al. conducted their survey.

Following the above testing, we investigated which of the variables related to experience (damage
severity, presence during the event, previous experience, length of residence) contributed to the
knowledge deriving from direct experience (see Table 4). We found that experiencing damages has
the greater impact, and that having experienced a similar event in the past also contributes to greater
knowledge from direct experience. However, simply witnessing the phenomenon was not found to
significantly influence respondents’ knowledge of the hazard itself. Similarly, having lived in the area
for a longer time is also not an assurance of having a higher knowledge of the phenomenon.

Table 4. Odds Ratios resulting from the multiple single regressions on the knowledge deriving from
direct experience.

Independent Variables Knowledge From Direct Experience

Damage severity in 2018 1.59 (1.24–2.08) ***
Presence during 2018 event 1.35 (0.62–2.95) **

Previous experience 2.60 (1.24–5.77) *
Length of residence 1.00 (0.98–1.02) **

95% confidence interval in brackets; p < 0.001 ***, p < 0.01 **, p < 0.05 *.

3.3. Socio-Economic Variables

Concerning socio-economic variables, women seem to be more worried than men when it comes
to the threat to the town as a whole, and they are also more likely to expect greater damage should a
flood occur again. This is in line with previous literature (e.g., [13,48]). People with a higher income
are less likely to think that the town, as a whole, is threatened by floods. This may be due to the fact
that, in the study area, people with higher incomes tend to live in hillside houses that are further away
from the floodplain. Education does not show any significant influence on the awareness proxies
selected, but this could be due to the narrow range of the distribution, with the majority of the surveyed
population (74%) having a high school diploma or higher.
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4. Discussion

In the previous section, we presented the results from the ordered logits and showed that the
influence of experience on awareness is multifaceted. Being present during the event, which means
witnessing the event with one’s own eyes, particularly influences the perceived threat to oneself.
We hypothesized that this is because witnessing the event allows for us to imagine what could happen
if we were caught by the flood. On the other hand, suffering damages to the household greatly impacts
the awareness proxies that are related to the home, such as the perceived threat to the home and the
expected damage should a flood occur in the future. These results show the importance of selecting
adequate experience variables, depending on what aspect of risk awareness we want to explore. Indeed,
the generic variable “previous experience with floods” does not significantly influence any of the
awareness proxies used here. Interestingly though, it positively influences the knowledge derived from
direct experience, which, in turn, positively influences all aspects of risk awareness explored. These
results are surprisingly telling, as they show that previous experience (in whatever form) influences
risk awareness not only directly, but indirectly through the knowledge that was gained from that
experience. It is not only the previous experience itself that increases our awareness, but what we learn
from it and how we process it. From a risk communication point of view, this finding points to the
importance of informing residents not only before an event occurs, but also after, exploiting the sudden
attention that is given to the phenomenon. This window of opportunity was also emphasized by de
Vries [58,59], who stresses that the post-disaster period before the return to normalcy can be used by
managers to promote change, e.g., in terms of adaptive behaviour. Knowledge deriving from direct
experience is also higher in those that suffered damage during the 2018 flood, as expected. Directly
experiencing a flood—in terms of suffering damage to oneself or the home—has already been found to
significantly influence respondents’ risk awareness in previous studies (e.g., [16,18,19]).

In light of the results previously discussed, and the lack of robust literature on the role of
self-assessed knowledge derived from experience, we suggest future research on the role of experience
should particularly focus on the knowledge that may derive from experiencing a flood, as this
case shows that it heavily influences respondent’s risk awareness. In particular, it will be useful to
distinguish which type of experience contributes to a greater knowledge and, in turn, to a greater
awareness. To this end, we propose a typology that is based on two factors: direct experience with the
hazard and self-assessed knowledge (see Figure 4). Direct experience is characterized by both intensity
(how strong) and frequency (how often) of the experience itself. The typology consists of four types:

• Inertia: this type includes individuals who lack or have a low degree of both experience and
knowledge, who are therefore less familiar or not familiar at all with the hazard, in a state of
inertia, passivity;

• 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;

• Theoretical knowledge: this type includes individuals who only gained information from other
sources of knowledge but who never experienced the hazard; and,

• Wisdom: this type includes individuals who experienced the hazard and who gained information
from various sources of knowledge, who therefore reached wisdom by integrating experience
and knowledge.

The concept of theoretical knowledge was first brought up by Aristotle in his work titled
Nicomachean Ethics, in 350 B.C. In Book VI [60], he argued that theoretical knowledge is the one of
the spectator, i.e., what comes from “standing back” and “looking on”. In this context, the spectator
can be the one who gains knowledge from secondary sources, without having experienced any flood.
The concept of tacit knowledge was theorized by Polanyi [61], who described it as a knowledge that
comes from direct experience, hidden and implicit. In philosophy, it is better known as empirical
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knowledge, which is knowledge derived from experience, as opposed to knowledge derived from
deductive reasoning or theory.

This typology contributes to unraveling the complex role of experience and knowledge in shaping
risk awareness and, in turn, our attitudes toward the hazard. In addition, it can inform future research
on the types of variables to explore and their operationalization. In particular, the adoption of generic
variables is discouraged, as they do not show statistical significance if compared to other, more precise
variables (such as amount of damage experienced), as shown by the results of this survey.

Regarding the contribution of other sources of knowledge, information passed on from relatives
or friends is the only one to influence the perceived threat to self. We attribute this to the fact that
suggestive stories told by family members who may have previously been involved in similar events
trigger a feeling of danger, as respondents tend to trust their experiences and create mental imagery
about the event. This also supports the claim by Weichselgartner et al. [48], whereby, while information
is static, knowledge is dynamic and social interactions shape the data, information, and facts that each
individual is processing. However, even though the information that is passed on by others plays
a role in influencing flood risk awareness, the percentage of respondents reporting that they gained
knowledge from others is still quite low (50% reported 1 and 12% reported 2 on the (1 min 5 max) scale).
We attribute such a low level of local knowledge to the recent urbanization of the area, which started
in the 1980s. It is possible that the community knowledge was lost as a consequence of population
growth in the area, considering also that many of the residents live in the municipality, but work in
the urban center of Verona. This supports results of other studies, showing that rapid urbanization
processes may decrease community resilience, primarily due to a loss of local knowledge [34].
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Figure 4. Experience-knowledge typology.

While this study contributes to untangling the complex role of experience and knowledge in
shaping flood risk awareness, it comes with some limitations. The sample size is rather small, and this
is a consequence of two factors: the surveys were administered face-to-face, which is rather time
consuming, and we only surveyed one person per household to avoid duplicates. We did not investigate
the actual scientific knowledge of the residents about floods. Having this information would have
allowed for a comparison between actual and self-assessed knowledge, which would have brought an
added value to the analysis.

Based on our results and discussion, we recommend that future studies that assay the role of
experience should take into consideration not only the experience in itself (in terms of intensity and
frequency), but also, and especially, the knowledge produced as a result of the experience and the
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knowledge acquired through secondary sources. The inclusion of variables to investigate the actual
knowledge of residents on flood risk in their area can provide an additional dimension to the analysis,
allowing for a comparison among the potentially different effects that self-assessed knowledge and
actual knowledge have on risk awareness. Another critical aspect to consider is the specificity of the
variables to investigate flood experience: the more specific the variable, the more trustworthy the result,
as there is less room for interpretation by the respondent. It is eventually to be noted that, given the
intrinsic cultural aspects that are involved in variables, like awareness and knowledge, differences
should be expected should this typology be applied in different countries and regions.

In conclusion, the results of this paper and the presented typology contribute to the scientific
debate on the relationship between sources of knowledge, experience, and awareness by unravelling
the role of experience and self-assessed knowledge derived from different sources in shaping flood risk
awareness. Besides providing a sound base for future operationalization of the variables, this work can
inform risk communication strategies on the importance of valuing residents’ experience of floods—and
the deriving knowledge—and exploit the window of opportunity after the event to communicate risk
and inform the local population.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4441/12/8/2130/s1.
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