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Abstract: Pluvial flooding (PF), resulting from intense short-duration rainfall events, is challenging
in urban areas amidst climate change and rapid urbanization. Identifying flood-prone zones and
implementing collaborative mitigation strategies with the local population are crucial aspects of PF
management. This study aims to enhance the understanding of urban PF in Croatia by collecting
historical PF data, creating the GIS-MCDA susceptibility model, and conducting a risk perception
survey for the study area of Gospić. Susceptibility zones were generated utilizing topographical,
environmental, and hydrological criteria using the AHP method. To examine the risk perception,
a face-to-face survey was conducted among 5% of the city’s population (N = 64). Five factors
were defined: (F1) risk awareness, (F2) anthropogenic and (F3) natural causes of PF, (F4) potential
consequences, and (F5) preparedness. The reliability of the questionnaire was very high (>0.71). Most
respondents believe they are ill-equipped to defend against flooding independently and express a lack
of confidence in the measures taken by local authorities. The highly susceptible zones encompass not
only agricultural areas but also residential zones of city. Among all respondents, 36% live in a flood-
prone area and half of them have no flood insurance or other mitigation measures. Incorporating
locals’ suggestions and problems, mitigation measures were proposed. Results from this research can
be a starting point for further research in Croatia and can provide guidelines for decision-makers in
implementing a risk mitigation strategy.

Keywords: susceptibility modeling; pluvial flood; risk perception

1. Introduction

Nowadays, the impact of climate change on the environment is becoming increasingly
evident. Altered precipitation patterns, frequent floods, rising sea levels, and extreme
weather events have already begun to affect local communities [1–3]. The higher frequency
and intensity of rainfall has increased the severity of pluvial flooding (PF) issues. PF is
triggered by short-duration intensive rainfall and occurs when the amount of water from
rainfall surpasses urban drainage system capacity and the soil’s capacity for absorption [4].
This issue is most pronounced in urban areas with insufficient urban drainage systems and
a high percentage of impervious surfaces. European regions are experiencing an increased
frequency of PF, and examples of multiple-affected cities are Rome [5], Palermo [6], Poreč [7],
Paris, London, Berlin [8], and Gospić [9]. PF is called an ‘invisible hazard’ because it can
occur in areas far removed from water bodies, where flooding is not typically expected [4].
This type of flood is complex to predict, and without the implementation of adequate
long-term mitigation measures, they cumulatively cause massive material damage to local
communities [10,11].

Comprehensive flood risk management (FRM) includes identifying flood-prone areas,
mapping historical flood locations, communicating the risk with residents, and imple-
menting long-term mitigation measures [10,12]. Susceptibility mapping is typically used
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to identify prone areas, i.e., to assess the predisposition of an area to the hazard occur-
rence without predicting the exact time of the event or assessing the damage [13]. The
most common predisposing factors of PF are related to the topographical, hydrological,
climatological, environmental, and anthropogenic characteristics of drainage basins [12,14].
Collecting and maintaining accurate historical flood location data supports more precise
susceptibility modeling. It provides a valuable foundation for informed decision-making
and disaster preparedness [12].

The perception of flood risk is an essential component of FRM plans and is considered
a broader aspect of the social construct of risk [15,16]. Understanding flood risk perception
is crucial for effective risk communication, providing insights into residents’ preparedness,
and helping identify potential community vulnerabilities and disparities [17–20]. It has
been analyzed in various research papers [10,19–24], identifying its key determinants and
influence on individual behaviors and attitudes. Contrary to expert risk estimation, which
relies on mathematical models, public perception is influenced mainly by qualitative factors
such as the severity of consequences, the sense of control, and the recency and perceived
frequency of the hazard [21]. Risk perception generally encompasses examining people’s
awareness, emotions, and behavior concerning hazards [21].

Croatia has been continuously impacted by heavy rainfall in specific regions; despite
this impact, there is still a lack of scientific research, legal regulations, and guidelines
surrounding PF management [25]. Furthermore, no official and systematic data collection
system is in place to record the critical locations and impacts of PF. Therefore, this research
aims to contribute to understanding PF in Croatia by collecting historical pluvial flood
data, modeling the susceptibility zones, and analyzing the risk perception among the local
population. The research was carried out as part of the Interreg-PEPSEA (Protecting the
Enclosed Parts of the Adriatic Sea from Pollution) project and focused on Gospić City
(Croatia), an urban area grappling with the growing challenges of PF due to intense rainfall
events. While established models exist for PF susceptibility assessment, our research seeks
to contribute by implementing a GIS-MCDA methodology in a regional context, providing
a nuanced understanding of local community attitudes toward flood risks. Through a
synergy of susceptibility modeling, a detailed public perception survey, and the creation of
a historical PF cadaster, our study offers a unique perspective that aims to bridge gaps in
flood risk management. Importantly, this integration serves as a foundation for tailored
mitigation strategies and addressing the specific needs of the study area. The proposed risk
mitigation measures, derived from the analysis, represent a crucial step toward developing
flood management strategies in a regional context. Results from this research can be a
starting point for further research in Croatia and for developing guidelines for decision-
makers (local authorities) to implement a risk mitigation strategy.

2. Study Area

The city of Gospić (Figure 1) is located at 44◦ N and 15◦ E in the central part of the
Lika river basin [9]. Gospić, with a population of 11,464 residents [26], exhibits a blend of
land use patterns featuring a predominantly rural landscape (agriculture and forestry). The
whole drainage basin of Gospić encompasses an area of 238 km2. The hydrography of the
basin includes the Novčica River with tributaries Bogdanica, Lika, Jadova, and Otešica [27].

Winters in this region are moderately cold and influenced by cold continental air
masses from the interior [28]. There are two rainfall maxima: the primary is in late
autumn, and the secondary is in the spring. Total precipitation is highest in November
and lowest in July (Table 1). There are significant seasonal variations regarding the river
water level, i.e., high water levels occur in winter and extremely low levels (nearly dry-
dried up) in summer [9]. Gospić has experienced multiple instances of pluvial and fluvial
flooding, as evidenced by developing a pluvial flood cadaster within the framework of the
STREAM project. Most are flooded agricultural fields, roads, and house basements. This
comprehensive dataset underscores the pressing need for effective flood risk management
and mitigation strategies in the region.
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Figure 1. Study area—Gospić city (A).

Table 1. Average monthly temperature and precipitation values for the city of Gospić from 1857 to
2021. Drawn from the National Hydrometeorological Institute (DHMZ).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Air temperature
Mean [C◦] −1.7 −0.3 3.9 8.5 13.2 16.9 19.1 18.4 14.1 9.3 4.5 0.2

Precipitation
Total (mm) 114.5 114.4 111.1 118.8 109.7 95.5 71 82.4 134.7 185.6 191.1 165.8

Max snow (cm) 105 285 110 62 24 - - - 3 25 95 100

3. Materials and Methods

This research aimed to contribute to understanding PF in Croatia through modeling
PF susceptibility zones and analyzing risk perception among the residents of Gospić. The
methodology is divided into two main parts: (1) GIS-Multi-Criteria Decision Analysis
(GIS-MCDA), and (2) survey-based public perception research. Each approach consists of a
series of sequential steps.

3.1. Public Perception of Pluvial Floods Risk

The survey research process comprised the following: (1) questionnaire construc-
tion, (2) survey administration to the selected sample population through face-to-face
interviews, (3) data entry, database creation, and geocoding, (4) statistical analysis, and
(5) interpretation (Figure 2).

The database was created based on a public perception survey conducted in October
2022. The survey included 5% of the city population (N = 64), and data were obtained via
face-to-face interviews using standardized questionnaires (Appendix A). To ensure the
representative nature of the research sample, the selection process involved stratification
based on relevant demographic variables.
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This step aimed to account for variations in perceptions and experiences related to
PF. Exclusion criteria were defined to maintain data integrity. Respondents who did not
complete the questionnaire (did not answer all questions) were excluded from the study.
The addresses of respondents were geocoded using Google Earth mapping tools and
inserted into the GIS.

3.2. Questionnaire Design

To assess the awareness and preparedness of Gospić residents regarding pluvial
flooding, a standardized questionnaire consisting of 31 items was employed (Appendix A).
The questionnaire was structured into five factors:

• F1 Awareness of the Pluvial Flood Risk: Questions were focused on familiarity with
PF and evaluating the risk level associated with various facets, such as respondents’
homes, drinking water sources, agricultural areas, urban infrastructure, material
property, tourism, and others. A Likert scale ranging from 1 (insignificant) to 5 (high)
was utilized.

• F2 Anthropogenic Causes of Pluvial Floods: The respondents’ perceptions of human-
induced causes of PF were explored, particularly urbanization, excessive concrete
construction, lack of green spaces, inadequate pumping stations, and lack of mainte-
nance of stormwater drainage systems. Participants rated their agreement on a scale
from 1 (absolute disagreement) to 5 (absolute agreement).

• F3 Natural Causes of Pluvial Floods: Respondents also evaluated the influence of
natural factors such as topographic conditions, soil characteristics, and climate change
on PF occurrence.

• F4 Consequences of Pluvial Floods in the Future: This section gauged participants’ ex-
pectations regarding the future impact of PF. They provided opinions about a potential
increase in the frequency of heavy rainfall events. Furthermore, they expressed expec-
tations of material damage, awareness, and financial investments in flood prevention
over the next decade.

• F5 Preparedness for Pluvial Floods: This section focused on respondents’ knowledge of
how to respond during PF and their level of preparedness. Participants self-evaluated
their preparedness on a scale of 1 (insufficient) to 5 (excellent). Additionally, they
expressed their views on various PF-related factors and their perceived roles and
responsibilities in prevention and protection.

To better understand created factors, socio-demographic data were collected: gen-
der, age, employment, education level, type of residential property (building or house),
ownership status (owner or else), the purpose of the property, total housing financial
income, elevation of property, living floor, surrounding infrastructure, and ownership of
the basement.
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Statistical Methods

Statistical analyses (descriptive and inferential) were performed using SPSS Statis-
tics (26.0) software. Descriptive statistics (mean, standard deviation) were presented to
understand variability and significance within the factors. Additionally, minimum, and
maximum values were included to understand the spread better. To ascertain whether
the measurement scales are viable instruments for gauging the attitudes and opinions of
respondents, Cronbach’s Alpha coefficient was calculated [29]:

∝=
k

k − 1

(
1 − ∑k

i=1 σ2
i

σ2
T

)

where:

k is the number of items on the scale,
σ2

i is the variance of each item, and
σ2

T is the total variance of all the items.

The distribution of the variables was examined using the Kolmogorov–Smirnov and
Shapiro–Wilk tests. The Shapiro–Wilk test is appropriate for small sample sizes (<50), but
can also handle larger sample sizes, while the Kolmogorov–Smirnov test is used specifically
for samples larger than 50 [30]. The null hypothesis for both tests states that data are taken
from the normally distributed population. To correct the significance value, the Lilliefors
Significance Correction is used.

The type of distribution determined whether to use parametric or non-parametric tests
to compare two or more independent variables with socioeconomic traits. A chi-square test
was used to examine the differences between categorical variables from a random sample
and evaluate the fit between expected and observed results.

3.3. GIS-MCDA Pluvial Flood Susceptibility Model

The GIS-MCDA (Geographic Information System-Multi-Criteria Decision Analysis)
process is a structured methodology that encompasses six key steps [31]. These steps are
crucial for modeling and evaluating the susceptibility of an area to potential floods. The
workflow, as depicted in Figure 3, includes problem/goal definition, determination of
criteria, criteria standardization, calculation of weighting coefficients, criteria aggregation,
and a final evaluation of the model.

For PF modeling, commonly determined criteria are associated with ground morphol-
ogy, topographical features, environmental characteristics, and hydrology features of the
study area [5,12,32–35]. Additionally, some authors recommend using the spatial density
of past pluvial floods [12,36]. Based on relevant literature, the PF model in the present
study was created based on 11 predisposing criteria: elevation (ELV), slope (SLO), planar
curvature (PLAN), stream distance (SD), stream power index (SPI), land cover (LULC), road
distance (RD), normalized difference vegetation index (NDVI), historical PF density (FD),
drainage density (DD), topographic wetness index (TWI), and topographic ruggedness
index (TRI) (Figure 3).

Land cover (LC) is one of the primary criterion in determining susceptibility to
floods [32,37], with various land cover types having distinct infiltration capacities. Impervi-
ous surfaces (e.g., buildings, roads) escalate surface water flow, while green areas mitigate
flow through higher infiltration capacity [38]. Urbanization, agriculture, deforestation, and
anthropogenic activities amplify PF susceptibility.

Furthermore, SLO affects the velocity of water flow, i.e., steeper slopes are prone to
torrential flows, while flat areas are more susceptible to water accumulation [37]. PLAN
influences the convergence and divergence of surface water flow within a basin [39].
Laterally convex surfaces with negative values are considered highly susceptible [34].
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Anthropogenic elements like roads, composed of impermeable materials, also greatly
impact PF. During intense rainfall, roadways function like a river channel, effectively
channeling and directing water flow. Consequently, areas adjacent to road networks are
more likely to be flooded.

DD is a typically used parameter which indicates water flow accumulation, and TWI
facilitates the identification of water-saturated areas [40]. SPI measures the potential erosion
power of surface water flow [39].

Elevation is a commonly utilized parameter known for its inverse relationship with
flood susceptibility. In broad terms, areas at lower elevations are more susceptible to floods,
as flood frequency tends to rise with decreasing elevation [39].

The quality of the final model is intricately tied to the quality of the input data.
The digital elevation model (DEM) serves as the fundamental digital representation of
topography [37]. Consequently, all topographical parameters (elevation (ELV), slope (SLO),
planar curvature (PLAN), along with specific hydrological parameters (stream power index
(SPI)), were derived from the DEM within the ArcMap environment. The official Croatian
digital terrain model (DTM), established by the State Geodetic Administration with a
spatial resolution of 0.5 m, was utilized to derivate these criteria (Figure 3). To generate
LC, Worldview 2 multispectral imagery (8-band) and maximum likelihood classification
algorithms were used (Figure 4).

Standardization of criteria was applied from 1 (very low susceptibility) to 5 (very
high susceptibility) using the Jenks classification method [41]. An analytical hierarchical
process (AHP) was used to calculate the weights for each criterion, reflecting their respective
contributions to PF susceptibility (Table 2). The model’s accuracy was validated based on
historical flood data using the confusion matrix.

Within FRM, historical information is all data that enables the description and analysis
of past flood events. This includes quantitative data, such as event dates or measurements
related to the event, as well as factors like the intensity of the occurrence or the resulting
damage. Sources of flood information encompass all documents associated with the
occurrence (evidence, photographs, videos, graphics, etc.) (Figure 5).
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Historical PF data were collected from various sources, including public fire brigades,
civil protection agencies, municipal institutions, and internet sources. During floods,
firefighting units are deployed to assist the local population. After each intervention, they

https://www.lika-express.hr/
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record essential data presented in Figure 6 as PF interventions. Participants mapped flood
zones on an aerial image, which was later digitized and integrated into the GIS database
(Figure 6).
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4. Results and Discussion
4.1. Public Perception of Risk
Socio-economics Characteristics of Population

The gender distribution within the population was evenly split, with 54% of the
respondents being male, while 46% were female. The respondents represented a range of
age groups, with the most significant proportion (78%) falling within the age group of 18 to
59. Educational backgrounds within the population showed variation; a small fraction (2%)
of respondents had not completed elementary school, while a substantial proportion (46%)
had completed university education.

The majority (72%) of respondents were employed, 15% were retired, 7% were unem-
ployed, and the rest were students. This reflects the diverse workforce representation in
the sample. Income levels in the respondents’ households varied, with approximately 52%
reporting average monthly incomes between 550 and 1500 euros. About 14% of respondents
had incomes below 550 euros. Furthermore, a significant number (72%) of respondents
resided in single-family houses; 52% had basements. Regarding the surroundings of their
homes, 70% of the respondents reported that their residences are adjacent to or near green
spaces, indicating the prevalence of nature over impermeable surfaces. Investigating
personal experience with PF showed that 20% of respondents had experienced PF conse-
quences in the form of property damage within the last 20 years. Regarding neighbourhood
incidents, 44% of respondents reported that PF had occurred in their streets, while 30% had
no prior experience with such flood events.
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4.2. Public Perception of Risk
Statistical Analysis

Cronbach’s Alpha value for the observed factors was higher than 0.7, suggesting
a solid internal consistency within each factor, so grouping was based on predefined
categories (Table 3. Awareness of PF (F1) had the highest reliability of 0.9. There are slight
differences when examining central tendencies and variations within the observed factors.

Table 3. Mean values by factors (median) and the indicator of their dispersion.

F1 F2 F3 F4 F5

Mean 2.77 3.32 3.06 2.91 3.13
Sd 0.999 0.75 0.897 0.95 0.539

Minimum 1 1.56 1.6 1 1.69
Maximum 5 5 5 4.4 4.81

Cronbach′s α 0.913 0.761 0.676 0.765 0.72

Considering demographic variables, the analysis resulted in significant differences
based on gender and work status regarding factor F5. However, no significant differ-
ences were found based on age, education, or monthly income for the observed variables
(Figure 7).
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The overall awareness (F1) among respondents was moderate (2.77), but maximum
values showed that some respondents have a high level (5) of awareness. Generally, the
respondents showed low familiarity (1.42) with the concept of PF, with a standard deviation
of 0.497. In addition, respondents often confused the concepts of pluvial and fluvial floods,
frequently equating them. The majority (73%) believe they do not live in an area at high
risk of PF. However, participants were moderately concerned regarding material property
(3.28), urban infrastructure (3.20), and agricultural areas (3.20). There was less concern
about risk for tourism (2.15), cultural heritage (2.38), and potential secondary effects like
soil erosion or landslides (2.4). To better understand these findings, it is crucial to explain
that Gospić is not highly urbanized, and agricultural lands predominate within its drainage
basin. Given its location along a river that flows through the city, the local population
is well-acquainted with the occasional flooding of these arable areas. Moreover, Gospić
is not a tourist-centric city; its residents do not currently derive significant income from
tourism, so the potential repercussions of PF are expected to be insignificant. The risk to
respondents’ homes was estimated as relatively low (2.37), but the max values showed that
12.3% perceived a very high (5) risk to their homes.

Factor F2 had the highest average value (3.318), showing an awareness of human
activities contributing to floods. This factor also displayed a relatively low standard
deviation (0.75), indicating that responses were closely clustered around the mean. The
leading causes of PF were the outdated stormwater drainage system (4.41) and a lack of
maintenance of the stormwater drainage system (4.1). Additionally, some respondents
further emphasized that in their streets, manholes are often blocked by leaves and branches,
causing frequent flooding during moderate rainfall. The field survey also confirmed
this. Compared to this, a moderate problem was seen with excessive concrete (3.35) and
urbanization (3.11), while population density had very little or no influence (2.03). This
population perception aligns with the fact that the settlement area is not densely built
and is a demographically depressed area with a significant proportion of elderly residents
characterized by depopulation processes [42].

The overall perception of F3 was moderate, with a mean score of 3.06. According to
the respondents, soil type (2.54) and topographic conditions (2.65) were perceived to be
moderately susceptible to pluvial floods. Respondents associated the occurrence of PF
with climate change, with the highest mean score of 3.86 and a standard deviation of 1.223,
showing consistency.

Considering F4, respondents generally held moderate expectations regarding an
increase in heavy rainfall frequency (3.26), material damages to urban areas (3.15), public
awareness (2.88), and financial investments (2.72) in PF prevention over the next ten years.
The score relating to increased damage to respondents’ homes was 2.55, with a standard
deviation of 1.358. However, while some respondents anticipated lower future changes,
others had higher expectations, as reflected by the varying standard deviations.

F5 was assessed through the degree of agreement with specific statements. Notably,
60% of the respondents had not insured their property against floods. Regarding the
statement that decision-makers have taken adequate measures for pluvial flood protection,
respondents generally disagreed (2.15) and believed that certain institutions should do
more in the context of prevention. The awareness of how to behave in case of hazard
was moderate (2.89), with a relatively high standard deviation (1.425). This means that
some respondents may be more informed and prepared than others. Additionally, re-
spondents neither agreed nor disagreed (3.03) with the statement that there are sufficient
manholes and drainage channels in their streets. However, a notable group strongly agreed
regarding the insufficiency of drainage systems and the lack of manholes in their streets
(20%). Furthermore, most respondents (73%) believed they were ill-equipped to defend
against flooding independently and expressed a lack of confidence in the adequacy of risk
mitigation measures taken by decision-makers. This underscores the need for improved
flood risk communication and infrastructure measures.
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Kolmogorov-Smirnov and Shapiro-Wilk tests were used to assess the normality of the
distribution of variables. Results for the factors F1, F2, F3, and F5 suggested that there is no
sufficient evidence to claim that the data were not normally distributed (Table 4). However,
results for F4 suggested that the data may not be normally distributed, so non-parametric
tests that are not sensitive to normality assumptions were used.

Table 4. Distribution normality testing.

Factor Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

F1 Awareness 0.095 64 0.200 * 0.966 64 0.076
F2 Anthropogenic caus. 0.098 64 0.200 * 0.983 64 0.53

F3 Natural causes 0.102 64 0.096 0.965 64 0.064
F4 Consequences 0.123 64 0.018 0.94 64 0.004
F5 Preparedness 0.096 64 0.200 * 0.963 64 0.052

* The lower bound of the true significance.

Mann-Whitney U, Wilson W, and Kruskal-Wallis H tests were used to determine sig-
nificant differences in the observed indicators. Results showed no statistically significant
differences in the observed factors based on age or education level, financial income per
month, or ownership of the basement. However, there was a statistically significant differ-
ence in F5 (0.048) based on gender, with male participants showing higher preparedness.
There was also a statistically significant difference in F5 based on employment status (0.033).
The ranks were higher for unemployed persons. Significance was also observed in F1,
awareness of PF, based on the building the respondent lived in. The respondents who were
living in family houses had lower awareness.

The Chi-square test (Table 5) assessed the statistical significance of the relationship
between various categorical variables concerning different statements or assertions. In
the case of the following assertions, no significant associations were found with the tested
variables:

• Assessment of the threat to respondents’ homes
• Familiarity with the concept of PF
• Willingness to invest more personal financial resources in improving drainage systems.
• Taken preventive measures on personal property in the last ten years.
• The impact of PF on the quality of life

However, Table 5 presents the results of the Chi-square tests, which indicated significant
relationships between certain categorical variables. An analysis of property insurance
against PF damage revealed a significant association with the living floor type. Specifically,
residents on the first floor were more likely to have flood insurance than those on the
second and third floors.

The assessment of the willingness to transform concrete yard areas into green surfaces
showed a significant relationship with the surrounding infrastructure, i.e., residents who
already live near green spaces are more inclined to embrace such transformations. The
evaluation of PF susceptibility based on property elevation demonstrated a significant
association with higher ranks for people living in elevated and hilly areas.

Compared to the study [7,34], it is evident that the public awareness of flood risk in
the population of Gospić is lower than that of the respondents in Poreč. However, the level
of preparedness is similar in both cities. In both cases, survey participants expressed doubt
regarding the adequacy of measures taken by decision-makers. Respondents in both cities
also pointed out the issue of inadequate maintenance of stormwater drainage systems.
In Poreč, statistical significance was observed concerning gender and the perception of
anthropogenic causes.



Sustainability 2024, 16, 1701 12 of 20

Table 5. Chi-square—statistically significant values.

Is your property insured against pluvial flood damage?

YES NO
N % N %

Living floor

Ground 8 29.6 23 62.2 p = 0.028
1st floor 16 59.3 13 35.1 df = 2
3d floor 3 11.1 1 2.7 χ2 = 7.181

Total 27 100 37 100

Would you transform your concreted part of the yard into
a green surface to increase infiltration?

Surrounding
infrastructure

Green areas 30 88.2 14 46.7 p = 0.000
Impermeable 4 11.8 16 53.3 df = 1

Total 34 100 30 100 χ2 = 12.818

Do you live in an area highly susceptible to PF?

Property elevation

Lowland 5 31.2 0 0 p = 0.000
Moderately elevated 2 12.5 18 38 df = 2

Hilly terrain 9 56.3 30 63 χ2 = 17.477
Total 16 100 48 100

Chi square

4.3. GIS-MCDA Pluvial Flood Susceptibility

The created historical PF database for Gospić consisted of 26 critical locations. Flood-
ing affects the ground floors of houses, basements, parking places, streets, and agricultural
areas. In these locations, frequent firefighting interventions are utilized, such as water
pumping and the construction of check dams. The GIS-MCDA was evaluated through
a historical flood cadaster (26 locations) and resulted in a high accuracy and precision
percentage of 78%, a recall of 100%, and an F1-score of 90%. Moreover, significant corre-
spondence is noticed when comparing these results with the study [9], which centered on
modeling potential flood depths and risk in Gospić. The high susceptibility zones closely
matched regions with substantial flood depth in their model.

GIS-MCDA revealed that the most widespread type of PF susceptibility zone within
Gospić City was a moderate susceptibility zone, covering approximately 36% of the area
(Figure 8). These areas included various land uses–residential, commercial, and industrial.
High susceptibility zones comprised 11% of the city and predominantly comprised agricul-
tural land, forests, and meadows. However, some urban parts in the high susceptibility
zones also included specific streets and residential properties. The most susceptible streets
were Katarine Zrinski, Žabička, Smiljanska and Budačka. Still, the susceptibility is not
uniform along the entire street lengths, i.e., the highest susceptibility was concentrated in
specific sections characterized by low-incline, concave terrain with small sinks. Several res-
idential properties along these streets have experienced firefighting interventions focused
on removing the water buildup in basements and lower-level areas of these houses.

Comparing respondents’ locations with PF zones, it was noticed that 36% reside
within the area characterized by the highest susceptibility to pluvial floods. Among these
respondents, 17% had a direct experience with flooding. In comparison, 46% had an indirect
experience, i.e., they were acquainted with someone residing in the same city or street who
had encountered PF-related issues. The study on pluvial flood susceptibility in Gospić has
elucidated suggestions for future research. This includes incorporating machine learning
methods, enabling a more nuanced understanding of the impact of individual parameters
on pluvial flood susceptibility, thereby enhancing the overall methodology.
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5. Conclusions

The GIS-MCDA model indicates that most of the study area falls within zones of
moderate susceptibility to PF, with a 10% coverage of very high susceptibility areas, mainly
comprising agricultural land, meadows, forests, and some residential properties. No-
tably, 36% of the surveyed individuals reside in the highest susceptibility zones, with 17%
reporting property damage within the past decade.

Statistical analysis has demonstrated robust internal consistency within each factor
in the questionnaire. All factors have moderate mean values, i.e., awareness, causes of PF,
expectations of consequences, and preparedness are moderate. Notably, the factor with
the lowest mean value is awareness of risk, characterized by a limited familiarity with the
concept of PF and a low-risk assessment of homes and properties. Given Gospić’s location
near a river, residents often conflate the idea of pluvial and fluvial floods, expressing more
significant concern about river overflow. Anthropogenic causes, with the highest mean
score and low variability, are perceived as the primary contributors to PF.

Most respondents believe they are ill-equipped to defend against flooding indepen-
dently and express a lack of confidence in the adequacy of risk mitigation measures taken
by decision-makers. Still, 60% of respondents, of which 36% live in the most PF-susceptible
zones, have not insured their properties against floods. A significant association was
discovered between property insurance and the living floor, i.e., individuals residing on the
first floor are more likely to possess flood insurance. Additionally, significant differences in
preparedness are notable based on gender and employment status, with male and unem-
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ployed participants showing higher levels. Furthermore, residents residing near existing
green spaces seem more inclined to embrace specific preventive measures.

The prevailing attitude is that decision-makers have inadequately addressed mitiga-
tion measures and that certain institutions must take more proactive roles in prevention
and public awareness efforts. Respondents highlighted critical concerns, including the
aging and lack of maintenance of stormwater drainage systems. Additionally, there are
deficiencies in the existing legislative framework for spatial planning in Croatia, allowing
construction permits to be issued irrespective of the natural flood-prone conditions.

Considering these findings, we recommend the following actions for decision-makers:

- Invest in the restoration and enhancement of drainage systems.
- Maintain existing infrastructure, including manholes and drainage channels, regularly.
- Systematic documentation of pluvial flood events in the form of pluvial flood cadasters.
- Implement amendments to urban planning documents to regulate construction in

flood-prone areas.
- Improve communication regarding flood risks and protective infrastructure measures.
- Undertake structural measures, such as canal construction and riverbed regulation.

These measures are crucial in bolstering the preparedness and protection of Gospić
against pluvial floods and heightening awareness and readiness among its residents regard-
ing the risks and consequences associated with flooding. For future research, we suggest
incorporating machine learning methods to determine individual parameters’ influence on
pluvial flood occurrences more precisely. These enhancements will enable more accurate
susceptibility modeling, reducing subjectivity in assigning weighting factors and increasing
the relevance of results for the specific regional area.
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Appendix A

Pluvial flood risk in the city of Gospić (Croatia)_________________________________________________________________________________________________________

Dear,
We are surveying to explore residents’ opinions regarding risk, experience, and prepared-
ness for floods resulting from heavy rainfall (pluvial floods). The research is part of the
STREAM project—Strategic Development of Flood Management—in a partnership be-
tween Croatian and Italian institutions. The survey is anonymous, and there is no need to
provide your full name. Please help us with responses to contribute to the research. Thank
you so much for your attention and participation.
Address:________________________________________________________
F1 Awareness of the Pluvial Flood Risk

1. Are you familiar with floods caused by heavy rainfall (pluvial floods)?
□ YES 2□ NO

2. I live in an area with a high risk of pluvial floods.
□ YES 2□ NO
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3. How often do pluvial floods occur in your town?
□ once a year
□ several times a year
□ once every five years
□ once every ten years
□ do not occur

4. On a scale of 1 to 5, please rate the level of risk for the following statements (1—
insignificant; 2—moderately significant; 3—significant; 4—very significant; 5—high)

1 2 3 4 5

Risk of floods from heavy rainfall as a threat to your home

Risk of floods from heavy rainfall as a threat to drinking water sources

Risk of floods from heavy rainfall as a threat to agricultural areas

Risk of floods from heavy rainfall as a threat to human health

Risk of floods from heavy rainfall as a threat to human life

Risk of floods from heavy rainfall as a threat to residential structures

Risk of floods from heavy rainfall as a threat to city infrastructure

Risk of floods from heavy rainfall as a threat to material possessions

Risk of floods from heavy rainfall as a threat to the occurrence of secondary
events (erosion, landslides, rockfalls, etc.)

Risk of floods from heavy rainfall as a threat to tourism

Risk of floods from heavy rainfall as a threat to cultural heritage

F2 Anthropogenic and F3 Natural Causes of Pluvial Floods

5. On a scale of 1 to 5, please rate what you believe is the leading cause of pluvial
floods (1—completely disagree; 2—disagree; 3—neither agree nor disagree; 4—agree;
5—agree entirely)

1 2 3 4 5

Urbanisation

Excessive concrete development

Lack of green spaces

Insufficient pumping stations

Absence of a stormwater drainage system

Lack of maintenance of stormwater drainage systems

Outdated stormwater drainage system

Population density

Natural and artificial water flow barriers

Topographic conditions

Soil

Lack of investments in drainage systems

Climate change

6. In your opinion, during which season is the greatest risk for pluvial floods?
1□ Spring 2□ Summer 3□ Autumn 4□ Winter

7. Which city district or street in your town is particularly vulnerable to pluvial floods?
____________________________________________________________________

F4 Consequences of Pluvial Floods in the Future
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8. On a scale of 1 to 5, please rate your agreement with the occurrence of the following
statements. (1—strongly disagree, 2—disagree, 3—neither agree nor disagree, 4—
agree, 5—strongly agree)

1 2 3 4 5

In the next ten years, the frequency of heavy rainfall in my area will increase.

The material damages caused by heavy rainfall in my area will increase in the next ten years.

In the next ten years, I expect material damage to my property due to the consequences
of rainfall.

In the next ten years, the awareness of pluvial floods among the population will increase.

In the next 10 years, greater financial resources will be invested in improving, preventing,
and protecting against pluvial floods.

F5 Preparedness for Pluvial Floods

9. How much do you agree with the statement that citizens can take private initiatives
to reduce the risk of pluvial floods? (1—Strongly disagree, 2—Disagree, 3—Neither
agree nor disagree, 4—Agree, 5—Strongly agree)
1□ 2□ 3□ 4□ 5□

10. Which of the listed measures for mitigating pluvial floods is most necessary?

□ Changes in the legislative framework in spatial planning documentation during the
construction of residential buildings and infrastructure (e.g., elevating structures to a higher
level, increasing the proportion of undeveloped green areas around buildings, mandatory
construction of drainage channels, etc.)
□ Amendments to the Water Act and related sub-legislation
□ Construction of a rainwater drainage system for the entire city area
□ Construction of stormwater grates along roadways
□ Utilization of green infrastructure measures (stormwater wells, green roofs, rain gardens, etc.)
□ Optimization of a combination of construction and non-construction measures
□ More frequent maintenance and cleaning of the existing stormwater drainage system
□ Other ___________________________________________

11. Do you believe conducting education and information campaigns for citizens about
pluvial floods is necessary? 1□ YES 2□ NO

12. Would you invest more personal financial resources every month to improve the
stormwater drainage system in your city? 1□ YES 2□ NO

13. Would you convert a part of your concrete/asphalt-covered backyard into a green or
permeable surface to reduce stormwater runoff? 1□ YES 2□ NO

14. Your previous experience with pluvial floods has been:
□ Directly (I have personally been affected by a flood)
□ Indirectly (I know people from the city who have been affected by a flood)
□ I have no experience

15. In the last ten years, have you taken measures to prevent and protect your property
against the possibility of pluvial floods?
□ YES □ NO

16. Has any damage from pluvial floods on your property in the last ten years?
□ YES □ NO

17. Has any damage from pluvial floods to the infrastructure near your residential prop-
erty in the last ten years?
□ YES □ NO

18. To what extent do pluvial floods affect your quality of life:
(1—Not at all, 2—Do not affect, 3—Neither affect nor do not affect, 4—Affect, 5—
Completely affect)
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1□ 2□ 3□ 4□ 5□

19. Is your property insured against damage caused by flooding?
□ YES □ NO

20. How much money have you invested in the last five years to prevent and protect your
property against the possibility of pluvial floods?
□ 0 HRK □ 1–150 EUR □ 150–700 EUR □ more than 700 EUR
On a scale from 1 to 5, rate how informed you are on behaving during a pluvial flood.
(1—Insufficient, 2—Adequate, 3—Good, 4—Very good, 5—Excellent)
1□ 2□ 3□ 4□ 5□

21. On a scale of 1 to 5, rate the extent you agree with the given statements (1—completely
disagree, 5—agree entirely).

1 2 3 4 5

1. Can you defend yourself independently against pluvial floods?

2. Are your fellow citizens aware of the danger of pluvial floods?

3. Is there a developed flood defence system for your city?

4. Will the local community help you in the event of damage caused by pluvial floods?

5. Are local authorities sufficiently engaged in informing the population about the danger of
pluvial floods?

6. Is the responsibility for flood defence on the individual?

7. Is the responsibility for flood defence on the local community?

8. Have decision-makers taken all necessary measures regarding protection from
pluvial floods?

9. Is there sufficient drainage manholes, channels, drains, grids, etc., installed in your street?

10. Does the flood early warning system need improvement?

11. Does the evacuation of stormwater to the ultimate recipient (watercourse, sea, lake)
need improvement?

12. Is the construction of retention basins and other structures (e.g., stormwater
rotors) needed?

13. Is the implementation of structural measures needed (reconstruction, construction of
levees, channels, retention basins, river remediation, riverbed regulation, etc.)?

14. Is the implementation of non-structural measures needed (planning, design,
preparedness measures, environmental issues, financing, etc.)?

15. Is it necessary to identify priority areas susceptible to pluvial floods?

16. Is a flood risk management plan, hazard map, and other relevant documentation needed
to inform citizens about preparation and recovery from pluvial floods?

Socio-demographic data

22. Gender: 1□ Female 2□ Male
23. Age:

□ 0–14
□ 15–59
□ >60

24. Education:
□ No formal education 3□ elementary education
□ secondary education
□ undergraduate studies
□ graduate studies or equivalent
□ doctoral education
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25. Employment status:
1□ Employed 2□ Unemployed 3□ Retired 4□ Student

26. Monthly household income:
□ Up to 530 EUR
□ 530 to 560 EUR
□ 560 to 1600 EUR
□ 210 to 2100 EUR
□ 2100 to 2700 EUR
□ More than 2700 EUR
□ Prefer not to answer

27. According to its purpose, the property you live in is:
□ Residential
□ Residential and commercial (business space)
□ Residential and agricultural (for renting)
□ Residential, commercial, and agricultural

28. Your housing status is:
□ Owner/buyer of property without a mortgage/loan
□ Owner/heir of property without a mortgage/loan
□ Tenant, paying rent to a private individual
□ Accommodation without paying rent (at parents’, partner’s, etc.)
□ Owner/buyer with a mortgage/loan
□ Tenant paying rent in a social/municipal apartment
□ Other

29. Does your residential property have a basement? 1□ YES 2□ NO

30. You live:
□ On the ground floor
□ On the first floor
□ On the third floor or higher

31. At your property, the predominant infrastructure is:
□ Green infrastructure (all types of green areas)
□ Gray infrastructure (parking lots, paved areas, garages, etc.)
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