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ABSTRACT

Aim of the study

The aim of this study is to assess the vulnerability of municipalities located in the Gidra River Basin to flu-
vial floods. We have calculated a fluvial flood vulnerability index (FFVI) related to the year 2021 for twelve
municipalities, which fall into the Gidra River Basin and whose urban area is completely or partially located
in the basin, and at the same time a watercourse, belonging to the Gidra River Basin, flows through the mu-
nicipality.

Material and methods

Three indicators (number of buildings within a 100 m radius from the watercourse; length of roads within
a 100 m radius from the watercourse; and number of bridges over a watercourse) representing the economic
vulnerability, and seven indicators of social vulnerability (population density of municipalities; share of res-
idents aged 65+ in the total number of residents; share of unemployed residents in the total number of eco-
nomically active residents; share of households with six and more persons in the total number of households;
share of incomplete households in the total number of households; share of residents without education and
with primary education in the the total number of residents; and share of residents with disabilities in the total
number of residents) were used to determine the respective economic flood vulnerability sub-index (EFVsI)
and social flood vulnerability sub-index (SFVsI). We normalized the original values of indicators using the
maximum method and treated all of the indicators as equally important. In the last step, we determined the
FFVI for each municipality at a scale [0, 1] by an aggregation of the EFVsI and SFVsI, which both had equal
weights.

Results and conclusions

The highest values of the EFVsI were recorded in the municipalities of Casta (0.81), Cifer (0.66), and Bud-
merice (0.64), which are located in central (Cifer) and upper (Casta and Budmerice) parts of the basin. The
highest values of SFVsI were recorded in the municipalities of Pila (0.79) and Stefanova (0.76), which are
both located in the upper part of the basin. Based on the values of the final FFVI, we can conclude that the
highest vulnerability to fluvial floods is found in the municipalities of Casta (0.75), Budmerice (0.67), and
Cifer (0.67). On the contrary, the lowest values have been recorded in the municipalities of Ruzindol (0.37),
Pavlice (0.38), and Jablonec (0.40). The results of this study can be useful for determining the overall flood
risk, which is a synthesis of the hazard and vulnerability components. This task is planned for the future
research in the study area.
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INTRODUCTION

Fluvial floods are one of the most common and dev-
astating natural hazards, affecting millions of people
and causing significant economic losses every year
across the world (United Nations, 2011). The wide-
spread impact of flood events across various regions
highlights the need for a comprehensive assessment
of flood risk (Liidtke et al., 2019; Vojtek et al., 2021;
Vojtek, 2023). The multidimensional (comprehen-
sive) concept of flood risk is based on two main
components: i) the probability of occurrence of flood
discharges with different return periods, i.e. the haz-
ard component, and ii) the consequences (impact)
associated with the flood event, i.e. the vulnerabili-
ty component (Gouldby and Samuels, 2005; Solin
and Skubincan, 2013). In this sense, the flood risk is
represented by the expected economic, environmen-
tal losses or loss of life caused by the flood hazard.
The risk is thus expressed as a product of the hazard
component and the vulnerability component (Sayers
et al., 2003; Adger, 2006). Vulnerability represents
the inherent characteristics of economic, social or en-
vironmental system that create the potential for harm
and can be defined independently of the likelihood of
flood hazard occurrence (Sarewitz et al., 2003).

The vulnerability of human settlements to fluvial
floods depends on various aspects, such as exposure,
sensitivity, and adaptive capacity, which vary across
spatial and temporal scales. Exposure refers to the
people, infrastructure, and assets located in flood-
prone areas. Sensitivity refers to the degree to which
these elements are affected by flood events (Nyashilu
et al., 2023). Adaptive capacity refers to the ability
of these elements to cope with, recover from, and ad-
just to flood impacts. These factors are influenced by
physical, social, economic, and environmental con-
ditions and processes, which shape the multifaceted
nature of flood risk and the importance of adaptive
measures (Raadgever et al., 2018). Assessing and
comparing the vulnerability of different municipali-
ties to fluvial floods is essential for developing effec-
tive risk management strategies and policies. How-
ever, such assessments are often hindered by the lack
of data and indicators that can capture the complexity
and diversity of flood vulnerability at the local level
(Mai et al., 2020; Mondal et al., 2023).
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Economic flood vulnerability relates to the prop-
erty and infrastructure damage, which can be caused
by the floods. Social flood vulnerability is the degree
to which people or communities are affected by the
impacts of flooding, and it includes loss of life, dis-
placement, health problems, and psychological stress
(Chakraborty et al., 2020). It reflects how certain
groups within the society — often marginalized due
to various inequalities — face increased risk during
floods (Ajtai et al., 2023). This concept delves into
the dynamic nature of vulnerability, recognizing that
exposure, sensitivity, and the capacity to adapt or re-
spond to flood hazard vary significantly across differ-
ent populations and geographies (Cutter et al., 2003).
Some of the factors that influence social flood vulner-
ability may include age, gender, income, education,
ethnicity, health status, social networks, and access
to resources and services (Rufat et al., 2015; Sayers
etal., 2018). Economic flood vulnerability and social
flood vulnerability also depend on the type, frequen-
cy, and magnitude of flood events, as well as the spa-
tial distribution and quality of the built environment
and infrastructure. Assessing and mapping flood vul-
nerability can help identifying the most vulnerable
areas and support the design and implementation of
effective and equitable flood risk management strate-
gies (Chan et al., 2022).

The indicator-based methodology serves as a pivot-
al tool in the assessment of flood vulnerability, designed
to clarify the various indicators contributing to the sus-
ceptibility of individuals, infrastructure, and systems to
flood-related impacts (Leal et al., 2021; Nguyen et al.,
2022). Through the combination and quantification of
the indicators, it is possible to calculate a flood vul-
nerability index that represents the spatial variation of
vulnerability across different locales. The strength of
the indicator-based methodology lies in its ability to
combine diverse datasets, spanning various scales and
contexts, thereby facilitating a comparison and ranking
of areas based on their vulnerability (Nasir et al., 2019;
Nguyen et al., 2022; Vojtek et al., 2023). This method-
ological framework not only enhances the precision of
vulnerability assessments but also supports the targeted
allocation of resources and the development of com-
bined mitigation strategies.

The aim of the article is to analyze the fluvial flood
vulnerability of twelve municipalities, which fall into
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the Gidra River Basin. A fluvial flood vulnerability
index (FFVI), which is related to the year 2021, was
calculated using the spatial multi-criteria analysis and
geographic information systems (GIS). The vulnera-
bility assessed in this article is independent of any flu-
vial flood hazard assessments.

THEORETICAL BACKGROUND

The theoretical exploration of vulnerability concepts,
with an emphasis on place-based and indicator-based
methodologies, presents a critical perspective through
which the vulnerability of varied communities and
systems to hazards can be understood and addressed.
The place-based methods emphasize the inherent dif-
ferences in vulnerability across various locations, link-
ing these variations to a blend of environmental, so-
cial, and economic factors (Hinkel, 2011; Bera et al.,
2020). Conversely, indicator-based methodologies
offer a quantifiable approach, deploying measurable
metrics that cover the spectrum from physical infra-
structures to social networks and governance frame-
works (Camacho et al., 2023). This framework aids
in pinpointing and mitigating areas of heightened vul-
nerability, thus enabling targeted resilience-building
initiatives (Engle et al., 2014).

Flood wvulnerability encompasses the potential
for losses or damages arising from flood events, af-
fecting individuals, property, infrastructure, or eco-
systems. This concept is evaluated across various
spatial scales, aligning with specific analytical ob-
jectives and scopes (Leal et al., 2021). A prevalent
scale of assessment is the municipal or county level,
corresponding to administrative units tasked with lo-
cal governance, planning, and disaster management
(Solin, 2012). Evaluating flood vulnerability at this
level of detail facilitates the identification of high-
ly vulnerable areas and populations, alongside the
principal drivers of vulnerability. Moreover, it sup-
ports the crafting and execution of effective, target-
ed flood risk reduction strategies (Solin et al., 2018).
This research highlights the effectiveness of the in-
dicator-based approach in providing an overview of
flood vulnerability, leveraging statistical methods
and weighted indicators related to vulnerability as-
sessment. The exposure of populations to flooding,
as well as the socio-economic disparities across dif-
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ferent regions, plays a pivotal role in shaping vulner-
ability. Notably, research by Roder et al. (2017) and
Santos et al. (2020) has been instrumental in map-
ping and assessing flood vulnerability using spatial
multi-criteria analysis and GIS. These studies illu-
minate the importance of integrating socio-econom-
ic indicators into flood vulnerability assessments,
thereby enhancing flood risk management and gover-
nance at the municipal level. Additionally, the work
of Alabbad and Demir (2022) explores the dimension
of social vulnerability, employing exposure and re-
sistance indicators in conjunction with the analytic
hierarchy process (AHP) to assess the vulnerability
of urban areas to floods. This research highlights
demographic elements as critical determinants of
vulnerability, clarifying the complex interplay be-
tween social structures and flood vulnerability. The
utilization of the Social Vulnerability Index (SoVI)
further enriches the understanding of flood vulnera-
bility as a multifaceted phenomenon, influenced by
both environmental and socio-economic indicators
(Tascon-Gonzalez et al., 2020; Roder et al., 2017).

To sum up, in terms of flood vulnerability, it be-
comes apparent that various studies have explored
the vulnerability of urban and rural communities/
municipalities focusing on environmental, socio-eco-
nomic, and physical aspects. The collective insights
from these studies advocate for a comprehensive and
multidimensional approach to flood vulnerability as-
sessment, emphasizing the need for tailored strategies
that consider the diverse factors influencing flood vul-
nerability. These previous works provide a foundation
for enhancing flood risk management and adaptation
practices, as well as underscoring the value of refining
indicator-based methodologies for assessing munici-
pal vulnerabilities to floods.

STUDY AREA

The Gidra River Basin is located in the western Slo-
vakia. The length of the Gidra River is 38.57 km and
the total area of the basin is 200 km?. The boundary
coordinates of the basin are as follows: northernmost
point is 48°26’N, 17°16’E; southernmost point is
48°13’N, 17°37°E; westernmost point is 48°24°N,
17°13’E; and easternmost point is 48°13’N, 17°38’E.
The highest point of the basin is located in the Malé
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Karpaty mountains, and it is the Jelenec hill (695 m
a. s. ). The lowest point (118 m a. s. 1.) is located in
the place where the Gidra River flows into the Dolny
Dudvah River.

Regarding the geomorphological units, the Gidra
River Basin is located across three units. In the north
of the basin, it falls within the Malé¢ Karpaty moun-
tains,- the latter form approximately one third of the
basin. The largest area of the three units is the Podu-
najska pahorkatina (hills). In the south of the basin,
near the mouth of the Gidra River, there is a third unit
called Podunajska rovina (plain), albeit the extent of it
is very small compared to the other two units.

The Gidra River springs on the eastern slopes of
the Malé Karpaty mountains at an altitude of approxi-
mately 547 m a. s. l. on the Bad'urka hill, and it flows
through the forests of the Kobylska dolina (valley).
It continues eastward through the urban area of the
Pila municipality and passes the Budmerice water
reservoir and the Haji¢ek pond on the left just before
the Budmerice urban area. Then, it flows through the
urban area of Budmerice, Jablonec, and Cifer munic-
ipalities. Before entering the urban area of Slovenska
Nova Ves municipality, the Gidra River flows under
the D1 highway. It then flows through Voderady,
Pavlice, and Abraham municipalities. Ultimately, the
Gidra River flows into the Dolny Dudvah River in the
municipality of Malda Maca.

Ronava stream is a left-side tributary of the Gidra
River. It originates in the municipality of Ruzindol
and then flows through the municipalities of Cifer,
Slovenska Nova Ves, Zelene¢, Voderady, and Pavlice.
Zadny potok stream flows into the Ronava stream

from the right side in the municipality of Ruzindol.
The Ronava reservoir is located in the municipalities
of Cifer, Zelenec¢, and Slovenska Nova Ves. It is im-
portant to mention that the Ronava and Zadny potok
streams do not flow through the urban areas of any
of the above-mentioned municipalities. An important
tributary of the Gidra River is the Stefanovsky potok
stream, which originates at an altitude of 695 m a. s. 1.
in the Malé Karpaty mountains on the southeastern
slope of the Jelenec hill. It is a left-side tributary of the
Gidra River, into which it flows approximately at river
km 25.2. Stefanovsky potok stream flows through the
municipalities of Casta, Stefanova, and Budmerice.
Another left-side tributary of the Gidra River is the
Pajdla stream, while the Kamenny potok (stream) is
a right-side tributary. .

In this article, we analyzed twelve municipalities
that fall within the Gidra River Basin, and whose
urban area is completely or partially located with-
in the basin, and at the same time, a watercourse
belonging to the Gidra River Basin flows through
the given municipality (Fig. 1). Five municipalities
are located in the Bratislava Self-governing Region,
namely Budmerice, Casta, Jablonec, Pila, and Ste-
fanova. Each of these municipalities is located in the
Pezinok District. Seven municipalities belong to the
Trnava Self-governing Region, of which five are lo-
cated in the Trnava District (Cifer, Voderady, Slov-
enska Nova Ves, Pavlice, and Ruzindol) and two
in the Galanta District (Abraham and Mala Maca).
Several floods have occurred in the basin between
1996 and 2016, affecting different municipalities, as
illustrated in Table 1.

Table 1. Number of flood events in the analyzed municipalities during 19962016 (source: Reports on the Course and Con-
sequences of Floods in the Slovak Republic, ME SR, 2011, 2018)

Year
Municipality
1996 1997 2006 2009 2010 2011 2016 Sum
Abraham - 1 - - 1 - - 2
Budmerice — 1 — - 1 1 3
Cifer 1 1 1 1 1 - 1 6
Casta - - - 1 1 1 - 3
Ruzindol - - - - - - - 0
Jablonec 1 - 1 1 1 - - 4
70 www.acta.urk.edu.pl
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Year
Municipality
1996 1997 2006 2009 2010 2011 2016 Sum
Mala Maca - - - - - - - 0
Pavlice - - - - - - - 0
Pila — 1 — — — 1 - 2
Slovenska Nova Ves - - - 1 - - 1
Stefanova - - - 1 1 - - 2
Voderady - - 1 1 1 - - 3
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Fig. 1. Study area — Gidra river basin and municipalities within the basin (source: GKU Bratislava, NL)
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DATA AND METHODS

In this article, we selected three indicators repre-
senting the economic flood vulnerability: number
of buildings within a 100 m radius from the water-
course, length of roads within a 100 m radius from
the watercourse, and the number of bridges over the
given watercourse. We chose the constant value of
100 m based on previous expert analysis of the ur-
ban areas of municipalities, and the course of the
river and streams through these areas. We came to
the conclusion that buildings or roads within the
stated radius may potentially be affected by fluvial
floods. As for the roads, in our analysis we consid-
ered only those with paved surface, i.e. asphalt or
concrete roads. Source data for creating the econom-
ic vulnerability indicators was the ZBGIS database
provided by the Geodetic and Cartographic Institute,
Bratislava.

Regarding the social flood vulnerability, we chose
the following seven indicators: population density of
municipalities, share of residents aged 65+ in the total
number of residents, share of unemployed residents
in the total number of economically active residents,
share of residents without education and with prima-
ry education in the total number of residents, share of
households with six and more persons in the total num-
ber of households, share of incomplete households in
the total number of households, and the share of resi-
dents with disabilities in the total number of residents.
The source data for social vulnerability indicators was
either retrieved from the DATAcube database for the
year 2021, or from the last population census (SODB,
2021), both processed by the Statistical Office of the
Slovak Republic. The ten vulnerability indicators used
in this study were selected based on the literature
survey and similar studies (Chakraborty et al., 2020;
El-Zein et al., 2021; Isia et al., 2023; Roldan-Valcarce
et al., 2023), data availability, and also based on the
concept of vulnerability, where the selected indicators
reflect different aspects of vulnerability (sensitivity,
resilience, resistance). In particular, the selected indi-
cators are related to the exposure (sensitivity) of infra-
structure/people to fluvial flooding and to the ability of
residents to anticipate (be aware), cope with, resist or
recover (adaptive capacity) from the negative impact
of floods.
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The source data were processed in MS Excel and
ArcGIS software. For the calculations, we used the
vector-based analysis. After we processed the original
vulnerability indicators, we normalized them so that
all indicators have the same scale [0, 1]. The maxi-
mum method was used for data normalization, which
is expressed by the following Equation (1):

, X.
X, =——"t— (1)

- max(x,)

where x”; is the scaled value of the j-th indicator; x; is
the original value of the j-th indicator; and max(x)
is the original maximum value of the j-th indicator.

The economic and social vulnerability indicators
were separately aggregated into the partial econom-
ic flood vulnerability sub-index (EFVsl), and social
flood vulnerability sub-index (SFVsI), by summing
the respective weighted indicators. We used equal
weighting of all indicators, i.e. each indicator was
multiplied with equal weight in order to maintain
the scale [0, 1]. In case of calculating the EFVsl,
we used the weight of 1/3 for each of the three eco-
nomic vulnerability indicators while for SFVsI we
used the weight of 1/7 for each of the seven social
vulnerability indicators. In this way, we treated each
indicator as equally important when calculating the
respective index. The following formulas were used
for calculating the EFVsl (Equation 2) and SFVsl
(Equation 3):

’

x: 1
EFVslsz’T 2)

x", 1

SFVsI =%, ’7 ()

where EFVsl and SFVsI are the economic flood vul-
nerability sub-index and social flood vulnerability
sub-index, respectively; and x;'is the normalized j-th
indicator in the scale [0, 1].

To calculate the composite fluvial flood vulnerabil-
ity index (FFVI) at the scale [0, 1], we used the follow-
ing Equation (4):

FFVIZEFVSIX%+SFVS1X% (4)
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where FFVI is the fluvial flood vulnerability index;
EFVsl is the economic flood vulnerability index; and
SFVsI is the social flood vulnerability index. The
EFVsI and SFVsl in this equation had an equal we-
ight of 1/2.

RESULTS

Economic vulnerability indicators

We analyzed three indicators in terms of the eco-
nomic flood vulnerability. In case of the number
of buildings within a 100 m radius from the wa-
tercourse, the highest values were recorded in the
municipalities of Budmerice (1095 buildings) and
Casta (930 buildings). On the other hand, no build-
ings are located within 100 m distance from the wa-
tercourse in the municipality of Ruzindol. Only 32
and 39 buildings were recorded in the municipali-
ties of Pavlice and Jablonec, respectively (Fig. 2).
As for the length of roads within a 100 m radius
from the watercourse, the highest values were re-
corded in the municipalities of Cast4 (58.9 km) and
Cifer (29.9 km). The lowest values were recorded in
the municipalities of Pavlice (2.4 km) and Stefanova
(4.3 km) (Fig. 2). The highest number of bridges is
found in the municipality of Cifer, while only one

Number of buildings in 100 m
distance from a watercourse

® 32-100
@ 101200

@ 201-400

@ 01600
. 6011095

Average: 336

bridge is located in the municipalities of Stefanové
and Jablonec each (Fig. 3).

Social vulnerability indicators

Altogether, seven indicators of social flood vulnerabil-
ity were analyzed in this sub-section. The highest pop-
ulation density has been recorded in the municipality
of Pila (724 residents per km?), which has the lowest
extension (0.48 km?) from all of the studied munici-
palities. The lowest values of population density have
been recorded in the municipalities of Stefanova (58
residents per km?) and Slovenska Nova Ves (66 resi-
dents per km?) (Fig. 4). The highest share of persons
aged 65+ in the total number of residents has been re-
corded in the municipalities of Abrahdm (20.9%) and
Pavlice (18.2%). The lowest value of this indicator has
been recorded in the municipality of Slovenska Nova
Ves (13.3%) (Fig. 4).

Regarding the share of unemployed residents in
the total number of economically active residents, the
highest values thereof have been recorded in the mu-
nicipalities of Jablonec (6.9%) and Stefanova (6.0%).
Conversely, the lowest values of this indicator are
found in the municipalities of Slovenska Nova Ves
(1.8%) and Mala Maca (2.8%) (Fig. 5). Furthermore,
the share of residents without education and with pri-

Length of roads (km)in 100 m
distance from a watercourse

® 2450
@ 5.1-100

@ 10.1-200
@ 201300

. 30.1-58.9

Average: 15.7

Fig. 2. Number of buildings (left) and length of roads (right) within a 100 m radius from the watercourse in the municipalities

of the Gidra River Basin (source: ZBGIS)
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Number of bridges
over a watercourse

® 12
@ 34
@ 55

Q=
. 814

Average: 5

Boundary of municipality ~g.aper

Fig. 3. Number of bridges over the watercourse in the municipalities of the Gidra River Basin (source: ZBGIS)

Stefanoya

Boundary of municipality $:

Population density
(residents/km?)

[ ]s7.8-750 :

[ ]7.1-1100 '

[ 110.1-145.0  Parilen

I 145.1-290.0

I 220.1-724.1

Maca’

Average: 142.2

pJablonec

Share of residents aged 65+

from total number of residents (%)

[ ]133-140
[ ]141-150
[ 15.1-17.0
I 17.1-18.0
B 1512029

Average: 16.5

Boundary of municipality

¥ Pavlice

Fig. 4. Population density (left) and the share of persons aged 65+ in the total number of residents (right) within the munic-
ipalities of the Gidra River Basin (source: Statistical Office of the Slovak Republic)

mary education is the highest in the municipalities of
Stefanova (19.8%), Jablonec (18.2%), and Mala Maca
(18.0%). The lowest value of this indicator is found in
the municipalities of Pila (14.3%) (Fig. 5).

In case of indicators representing the households,
we can see that the highest share of households with
six and more persons in the total number of house-
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holds has been recorded in the municipalities of
Stefanova (11.5%) and Pavlice (10.0%). The lowest
values of this indicator have been recorded in the mu-
nicipalities of Abraham (5.3%) and Slovenskd Nova
Ves (5.6%) (Fig. 6). Regarding the share of incom-
plete households in the total number of households,
the highest values have been recorded in the munic-
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ipalities of Cifer (17.1%) and Voderady (16.6%),
while the lowest values are found in the municipali-
ty of Pila (11.6%) (Fig. 6). The highest value of the
share of residents with disabilities in the total number

of residents is found in the municipality of Abraham
(8.6%). Conversely, the lowest share of this indicator
has been recorded in the municipality of Stefanova
(5.9%) (Fig. 7).

Budmerice JRu’iindS[.

Boundary of municipality

Share of unemployed residents
from total number of
economicallly active residents (%)

[ ]18-30
[ ]s140
] 41-5.0
I 5.1-6.0
[ EREX

Average: 4.6

yJablonec]

leﬂ

Boundary of municipality

Share of residents without
and with primary education >
from total number of residents (%

[ ]143-150
[ ]151-16.0
] 16.1-17.0
B 17.1-18.0
B 18.1-198

Average: 16.2

Fig. 5. The share of unemployed residents in the total number of economically active residents (left) and the share of resi-
dents without education/with primary education in the total number of residents (right) within the municipalities of the Gidra

River Basin (source: Statistical Office of the Slovak Republic)

Boundary of municipality

eC '
Share of households
with six and more persons ¢

from total number of households (%

[ ]5365
[ ]66-75
[ 76-55
Bl s5-105
I 06-115

Average: 7.8

vPavlice:

. Stefanova

Budmerice;

pJablonec

Ruiindo]

Boundary of municipality

Share of incomplete households
from total number of
households (%)

[ ]116-135
[ ]136-145
[ 14.6-155
B 156165
I 165-17.1

Average: 15.1

Voderady

Abraham

Fig. 6. The share of households with six and more persons (left) and the share of incomplete households (right) in the total
number of households within the municipalities of the Gidra River Basin (source: Statistical Office of the Slovak Republic)

www.acta.urk.edu.pl

75


https://www.editorialsystem.com/editor/aspfc/js/article/189854/
http://acta.urk.edu.pl/-in-press-nAssessment-of-vulnerability-to-fluvial-floods-Case-of-municipalities-of,189854,0,1.html
http://acta.urk.edu.pl/pl

Vojtek, M., Moradi, S. (2024). Assessment of vulnerability to fluvial floods: Case of municipalities of the Gidra River Basin, Slovakia.
Acta Sci. Pol., Formatio Circumiectus, 23 (2), 67-82. DOI: http://dx.doi.org/10.15576/ASP.FC/189854

Share of disabled residents

[ ]5960
[ ]e1-65
[ 66-7.0
B 71-75
Bl 7ss6

Average: 6.9

Boundary of municipalit )

from total number of residents (%)
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Fig. 7. Share of residents with disabilities in the total population within the municipalities of the Gidra River Basin (source:

Statistical Office of the Slovak Republic)

Fluvial flood vulnerability index

Using the three economic vulnerability indicators, we
calculated the economic flood vulnerability sub-in-
dex, which is shown in Fig. 8. The highest values of
the EFVsI have been recorded in the municipalities
of Casta (0.81), Cifer (0.66), and Budmerice (0.64).

Conversely, the lowest values have been recorded in
the municipalities of Jablonec (0.07), Pavlice (0.07),
Ruzindol (0.08), and Stefanova (0.12) (Fig. 8). Based
on the seven social vulnerability indicators, we cal-
culated the social flood vulnerability sub-index. From
Fig. 8, we can see that the highest values have been

Ruiiudo!
Ja C. '

Budmerice

Boundary of municipality

Economic flood
vulnerability sub-index (EFVsl)

[ ]oo7-015
[ ]o16-025
0.26-0.35
[ 0:36-0.65
I 0.66-0.81

Average: 0.31

Abraham

Budmerice;

Boundary of municipality

Social flood
vulnerability sub-index (SFVsl)

[ ]oss5-060
[ ]os1-065
|l |oes-0.70
I 0.71-0.75
I 0.76-0.79

Average: 0.69

Fig. 8. Economic flood vulnerability sub-index (left) and social flood vulnerability sub-index (right) in municipalities of the

Gidra River Basin (source: own elaboration)
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recorded in the municipalities of Pila (0.79) and Ste-
fanova (0.76), whereas the lowest value has been re-
corded in the municipality of Slovenskd Nova Ves
(0.55). The values of EFVsI and SFVsI presented in
Fig. 8 were divided into five intervals based on the
average value, which falls within the boundaries of the
middle interval.

Fig. 9 presents the composite fluvial flood vul-
nerability index (FFVI), which was composed of the

equally weighted EFVsI and SFVsI by their multipli-
cation. The values of FFVI presented in Fig. 9 were
divided into five intervals based on the average value,
which falls within the boundaries of the middle inter-
val. The highest values of FFVI have been recorded in
the municipalities of Casta (0.75), Budmerice (0.67),
and Cifer (0.67). Conversely, the lowest values are
found in the municipalities of Ruzindol (0.37), Pavlice
(0.38), and Jablonec (0.40).

Stefanoya

Budmerice

Boundary of municipality

Fluvial flood
vulnerability index (FFVI)

[ ]o37-040
[ ]o41-045
[ 0.46-050
I 0.51-0.60
I 061-0.75

Average: 0.50

Jablonec

Rujiﬂ

Fig. 9. Composite fluvial flood vulnerability index in the municipalities of the Gidra River Basin (source: own elaboration)

DISCUSSION

This study assessed the vulnerability of the Gidra Riv-
er Basin municipalities to fluvial floods using the fluvi-
al flood vulnerability index (FFVI) for the year 2021.
The highest fluvial flood vulnerability has been record-
ed in the Casta, Budmerice, and Cifer municipalities,
and this is reflected in both the economic and the so-
cial vulnerability factors. The methodology involved
normalizing various economic and social indicators to
a 01 scale, highlighting the comprehensive approach
to vulnerability assessment. This place-specific vul-
nerability assessment enhances existing research by
offering a localized vulnerability index, which aids in
deepening the comprehension of flood risks at the mu-

www.acta.urk.edu.pl

nicipal level (Vojtek et al., 2022; Vojtek, 2023). The
strengths of this research include the comprehensive
indicator-based approach and the use of normalized
scales for comparability. Limitations might involve
the reliance on available statistical and spatial data or
potential for indicator bias. The assumption of equal
weighting was used in order to maintain the objec-
tivity and not to prioritize any of the indicators. The
reason is that the vulnerability indicators represent
different aspects of vulnerability concept (sensitivi-
ty, resilience, resistance) and from this point of view,
we considered them being equally important and thus
having equal weight in the composite FFVI. Accord-
ing to a review conducted by Papathoma-Kohle et al.
(2019) and Morreira et al. (2021), equal weighting of
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indicators or sub-indices is one of the most commonly
used methods to determine the composite flood vul-
nerability index. The equal weighting approach was
also used in similar studies, such as Weis et al. (2016),
Yang et al. (2018), Choi (2019), El-Zein et al. (2021),
Nazeer and Bork (2021) or Hinojos et al. (2023).

The vulnerability indicators used within the eco-
nomic or social components of the FFVI are compa-
rable to those found in similar literature. The same or
similar indicators to some of that used in this study,
in particular, indicators of population over 65 years,
population of persons with disabilities, population
density, and education level were used by Isia et al.
(2023). El-Zein et al. (2021) used also the indicators
of education level, number of household members,
and population over 65 years to determine the social
flood vulnerability index. Similarly, Ingle and Chatto-
padhyay (2022) selected indicators of household size,
population over 60 years, or education level, among
others. Some of indicators used by Roldan-Valcarce
et al. (2023) are again comparable to ours: population
age 64 years, population density, households with 5
and more people, or number of dwellings. Further-
more, some of the indicators selected by Chakraborty
et al. (2020), such as education level, unemployed
population, population over 65 years, population of
persons with disabilities, household size, single par-
ents, and population density are more or less the same
as the ones used in this study. Solin (2012) worked
with incomplete families and population aged 65+,
among other indicators of economic and social vul-
nerability, in order to calculate the flood vulnerability
of urban areas in the headwater basins of Slovakia.
Buildings and bridges were also used as indicators by
Solin and Rusnék (2020). Santos et al. (2020) used
road density as one of the indicators representing ex-
posure. All in all, the differences among individual
flood vulnerability studies, in terms of selected in-
dicators, are usually caused by the data availability,
purpose of the study, and selected methodology. The
findings from this study highlight the importance of
an indicator-based approach for assessing flood vul-
nerability. By identifying specific areas of high eco-
nomic and social vulnerability, this approach enables
more targeted and effective flood mitigation and ad-
aptation measures. It emphasizes the need for modi-
fied strategies that consider the unique characteristics
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of each municipality, thereby enhancing resilience
against fluvial floods. Such a detailed, localized ap-
proach could be applicable in similar settings, offer-
ing a replicable model.

For future research, areas to explore may include:
a) identifying and integrating additional vulnerability
indicators, potentially from environmental or infra-
structural aspects, in order to enrich the vulnerabili-
ty assessment framework (Balica et al., 2012; Yang
et al., 2021); b) applying the methodology to other
river basins or regions to validate its applicability
and adaptability across different geographical and
socio-economic contexts (Koks et al., 2015; Nasiri et
al., 2019); ¢) investigating the impact of climate and
land use change on flood vulnerability, considering fu-
ture scenarios in urbanization or population develop-
ment (Zhou et al., 2012; Vojtek and Vojtekova, 2016);
d) integrating the findings into flood risk management
practices, including the development of more effective
strategies and spatial planning guidelines, in order to
enhance resilience (Vojtek and Vojtekova, 2018). For
example, the findings could be used to identify and
prioritize the most vulnerable areas and to design and
implement appropriate measures, such as to reduce the
potential impact and damage of fluvial floods; e) ex-
ploring the role of community engagement and social
capital in reducing vulnerability and improving recov-
ery processes after flood events. For example, future
research could examine how the participation, em-
powerment, and collaboration of local stakeholders,
such as residents, businesses, and self-governments,
can influence the perception, awareness, preparedness
as well as the coping and adaptation of municipalities
for fluvial floods.

CONCLUSION

The results of this study referred to the last popula-
tion census from 2021. However, for future research,
we would like to determine fluvial flood vulnerability
of the studied municipalities using past census data,
i.e. years 2011 and 2001, and compare that with the
results obtained in this study. Except the comparison
with past census data, we would like to predict the
values of vulnerability indicators for future horizons,
most likely the year 2031, and find out how the pre-
dicted values might influence the resulting FFVI.
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This study emphasizes the integration of econom-
ic and social vulnerability indicators into the compos-
ite fluvial flood vulnerability index. This approach not
only pinpoints municipalities with high vulnerability,
but also offers an insight into understanding of the
drivers of vulnerability. The results of this study can
be practically useful for the Preliminary Flood Risk
Assessments (PFRA) (ME SR 2011, 2018) in Slova-
kia, which are being revisited in six-year cycles ac-
cording to the EU Flood Directive (2007). Whereas
the ME SR (2011, 2018) did not consider vulnerabil-
ity indicators for determining the areas with prelim-
inary risk of fluvial flooding, the methodology and
results presented in this study might provide useful
information on how to incorporate the vulnerability
assessment into the next revisiting cycle of the PFRA.
Moreover, the findings of this study help the studied
municipalities to understand their vulnerability to flu-
vial floods and thus develop appropriate measures for
reducing that vulnerability. The calculated FFVI can
be further combined with the fluvial flood hazard as-
sessment in order to determine the fluvial flood risk
index for the studied municipalities, which may have
practical application for preparing appropriate flood
risk management strategies and measures at the mu-
nicipal level.
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OCENA PODATNOSCI NA POWODZIE RZECZNE: PRZYPADEK GMIN DORZECZA GIDRY NA

SLtOWACII

ABSTRAKT

Cel pracy

Celem pracy jest ocena wrazliwosci gmin potozonych w dorzeczu rzeki Gidry na powodzie rzeczne. Ob-
liczono wskaznik podatno$ci (wrazliwosci) na powodzie rzeczne (FFVI), odnoszacy si¢ do roku 2021, dla
dwunastu gmin potozonych w granicach dorzecza Gidry.
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Materiat i metody

Do okreslenia czastkowego wskaznika ekonomicznej podatnosci na powddz (EFVsI) oraz czastkowego
wskaznika spotecznej podatnosci na powo6dz (SFVsI) wykorzystano odpowiednio: trzy czynniki podatnosci
ekonomicznej oraz siedem wskaznikow podatnosci spotecznej. Pierwotne wartosci wskaznikéw znormalizo-
wano za pomocg metody maksimum — tzn. wszystkie czynniki potraktowano jako rownie wazne. W ostatnim
kroku okreslono FFVI dla kazdej z badanych gmin w skali [0, 1] poprzez agregacj¢ EFVsI i SFVsI, przy
czym tu rowniez przyjeto, ze kazdy ze wskaznikow czastkowych ma jednakowg wagg.

Wyniki i wnioski

Najwyzsze wartosci EFVsI odnotowano w gminach Casta (0,81), Cifer (0,66) i Budmerice (0,64), ktore po-
tozone sg w $rodkowej (Cifer) oraz gornej (Casta i Budmerice) czgéci dorzecza. Najwyzsze wartosci SFVsI
zanotowano w gminach Pila (0,79) i Stefanové (0,76), ktore leza w gornej czesci dorzecza. Na podstawie
warto$ci ostatecznie obliczonego FFVI mozna stwierdzi¢, ze najwigksza podatnoscia na powodzie rzeczne
charakteryzuja si¢ gminy Casta (0,75), Budmerice (0,67) oraz Cifer (0,67). Natomiast najnizsze wartosci tego
wskaznika notuje si¢ w gminach Ruzindol (0,37), Pavlice (0,38) i Jablonec (0,40).

Stowa kluczowe: powodzie rzeczne, podatnosé (wrazliwo$¢) ekonomiczna, podatnos¢ (wrazliwosé) spotecz-
na, wskazniki, poziom gminy (poziom lokalny)
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