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Assessment of flood vulnerability in Bodva river bain, Slovakia

Monika Blistanovd, Martina Zeleiidkov#, Peter Blistarf and Vojtech FerencZ

Abstract: The aim of the paper is to present the resultshefassessment of flood vulnerability using mutecid analyses (MCA) and
geographical information systems (GIS) tools. Thalgses were made in case study area of the Badeabasin located inthe eastern
part of Slovakia. In the study, attention was feclsn the causative natural factors for floodingtlre river basin, such as soil type,
precipitation, land use, the size and slope ofitasin. The identification of flood vulnerabilityégsmprised of two basic phases. Firstly, the
effective factors causing floods are identifiedc@®elly, several approaches to MCA in a GIS enviemmare applied, and these
approaches are evaluated in order to prepare fleatherability map. The flood vulnerability was avatled in four classes — acceptable,
moderate, undesirable and unacceptable. The restiiéalyses are a vulnerability map of the studsasand a calculation of percentage
area of each vulnerability class.

More than 40% of the area represents an area wittigher scale of vulnerability. The results showas to which should be given greater
attention in the implementation of preventive mouge work.

Keywords:flood, vulnerability, geographical information $gm, multicriteria analysis.

Introduction

Flood risk and vulnerability are increasing duecttanges in rainfall pattern, increased frequency of
extreme events, changes in land use and developm#éobd prone areas as a result of socio-econai@inand.
Human lives, property, environment, and socioecaosrare at increasing risk due to flooding (Begunaleg
2007). There are different methods to quantify didwmzard, vulnerability, and risk. This study isdeed on
vulnerability assessment. The vulnerability is bdsfined as an aggregate measure of human welfiate t
integrates environmental, social, economic andtipaliexposure to a range of potential harmful yérations.
The vulnerability is a multi-layered and multidinggonal social space defined by the determinateitiqed|
economic and institutional capabilities of peoplespecific places at specific times (Proske, 2008).

Multicriteria analysis (MCA) methods have been &ipin several studies in flood risk assessmenicilya
and Akyurek (2004); Ouma and Tateishi (2014) appieGIS-based multicriteria evaluation in ordeatalyse
the flood vulnerable areas in Turkey and Kenya. agahet al. (2010) identified flood vulnerable aréas
Hadejia-Jama'are river basin in Nigeria. Tanavudalet(2004) assessed the risk of flooding in Hat Ya
Municipality, southern Thailand using GIS and daéelimagery. Kandilioti and Makropoulos (2012) and
Kazakis et al. (2015) applied GIS-based multicidtdlood risk assessment in the Greater Athens angathe
Rhodope—Evros region, Greece.

The aim of the presented study is to generate gosite flood vulnerability map of the Bodva riveasin
in Slovakia for decision makers by mapping the pti¢é¢ natural sources of flooding.

Material and methods

The Bodva river basin belongs to an internationahiibe river basin. Slovak part of the Bodva rivasib
(figure 1) is defined by the border with Hornademvbasin on the northern and eastern side. The 8duer
basin encompasses a total area of 11 727 kmluding 890.4 krhwithin the territory of Slovakia. It has 113
km of the total length, with 48.4 km in Slovakiah€T total volume of water draining from the ternjtaof
Slovakia is 88 million r per year. The Bodva’s river drainage basin costadlB villages in total with a
population of 41 500 inhabitants. The river dirgdthreatens 5 villages, such as Medzev, Jasov{dios,
Peder, Drienovec and one city, namely Moldava nadvBu. To sum up, based on the data from the y@&H0,2
19 750 inhabitants are potentially threatened leyBbdva river (Kelemen, Blf&anova, 2014).

From the south, the Slovak part of the Bodva rivasin is bounded by the border with Hungary and by
Slana river basin on the west.
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From the morphological point of view, the Bodva 4#sin is a considerably diverse area with a dffer
relief. Central and eastern part of the basin assf slightly wavy Kosice basin, which is conaddin the
north by mountains —Volovske hills. There is a mdance of heavy loamy soils that occupy a cowtigu
area of Kosice basin. Lighter soils — sandy-loaroupy forests in the mountains Volovske hills ardtiplly
Slovak Karst.

Bodva sub-basin, regarding the complex orogragtio,rranges into several climatic zones. Southeaud
part — the largest part of basin belongs to theidiof the climate, which is warm and slightlyrda with cold
winters. Long-term average annual air temperatsr°i C to 8° C. Long-term average rainfall in thesib
ranges from 600 to 1,000 mrit.yHeight and slope conditions affect climatic cdiudis, especially the size and
distribution of rainfall, the air temperature arfdis on the overall water balance and runoff regiME SR,
2009).
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Fig. 1. Bodva river basin in Slovakia.

The last floods in the Bodva river basin occurmre@®10. Heavy rains caused a rapid and signifidaatin
water levels. The floods in May and June 2010 wexeeptional from the viewpoint of time and spatial
distribution in the Bodva basin. In nearly all wateeasuring stations, water stages designatedirasdigree
flood activities were surpassed (ME SR, 2011).

In this study, basically two phases are appliedrnalyze flood vulnerability in Bodva river basingastern
Slovakia: firstly, to identify the effective fac®rcausing floods — the potential natural sourcefoofling, and
secondly, to apply the method of MCA in GIS enviramt to evaluate the flood vulnerability of theara GIS
application was used for managing, producing, aadyand combining spatial data (Bé$ova and Bligan,
2014; Bli¥an et al., 2016).

The initial data required for this study were acgdifrom the Atlas of the Slovakian Landscape, farither
data were provided by Slovak Water Management Brig&, s.c. KoSice, Soil Science and Conservation
Research Institute, Slovak Hydrometeorologicalilunt.

We use the set of causative factors concerning lynbgtrological, geological and physio-geographical
characteristic of the study area that can be medsamd evaluated (Zélékova and Giova, 2011):

1) Precipitation

2) Basin slope

3) Land use

4) Soil type

5) Catchment area.
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Precipitation

The spatial distribution of the rainfall intenshas been performed considering the allocationaifosts in
the studied area. Taking into account their reddyivsparse set-up, the authors used the splinepoitgion
method (Hutikovad and Matikova, 2014). (Figure 3a). Precipitation data diddnto classes (Table 1) are
presented in Figure 3b.

Basin slope

The slope of the land in the watershed is a majotof in determining the water velocity. The slopap
(Figure 2d) was prepared in percent grade usind>tE® of the study area (Figure 3c). The distrietdues
were subdivided into five classes (Figure 3e) asvahin Table 1.

Land use
Land use data present data from CORINE Land Cduigufe 3f). The data were divided into five classes
(Figure 3g) based on Table 1.

Soil type
Soil type was obtained from Soil Science and CorsgEm Research Institute, Slovakia. Data (Figdhg
were divided on the basis of the content of clayiglas into five classes. (Figure 3i).

Catchment area
The river basin area is divided into sub-catchmérigure 3j) and their size was subsequently idiedtiin
ArcGIS. Sub-basins were divided into five classégyre 3k).

The conceptual framework for data processing usmgticriteria analyses in geographic information
system (GIS) is presented in Figure 2.
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Land Cover Rain Gauges Stations Soils Catchment area
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Fig. 2. Framework for data processing using muitézia analyses in Geographic Information System.
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Tab. 1. Dividing factors into the factor's classes
Factors Factor's classes Importance of factor's classes
0-55mm
55-60 mm
Precipitation 60 - 65 mm
65 - 70 mm
70 mm and more
0-5%
5-15%
Slope of watershed 15-30 %
30-55%
55-80 %
forest
pastures and meadows 2
Land use agricultural land
urbanized area
Water area
0-20%
20-30%
Soil type (content of clay particles) 30-45%
45 - 60 %
60 % and more
0 - 10 knd
10 - 50 krd
Catchment area 50 - 100 kA
100 - 200 krA
200 knt and more
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Each factor was divided into classes (Table 1)€di#dova et al., 2015a, Zdélékova et al., 2015b). The
inverse ranking was applied to these factor’'s elaswith the least risk for flood occurrence = éxtrrisk = 2,
etc. ArcGIS 10 was used for transferring data forapriate GIS layers. The factor’s classes aregntes in the
individual factor maps in Figure 3 a-k.
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a) Precipitation.
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b) Precipitation data divided into five classes.
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c) Digital elevation model.
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d) Slope.
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e) Slope data divided into five classes.
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f) Land use.
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g) Land use data divided into five classes.
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h) Sail type.
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Fig. 3. Maps of selected causative factors withides classes.
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The ranking method (RM) is used if ordinal inforinat about the decision makers’ preferences on the
importance of criteria is available. In the fir¢es, criteria are ranked in the order of their imaoce. In the
second step, ranking method is used to obtain rinateveights from this rank order (Meyer, 2007).

Using the rank sum method, normalized weights ef ¢hiterion were calculated according to (Eq. 1)

(Yahaya et al. 2010):
Wj:n_ri+}/2“(n—rk+1) (1)
where:

W is the normalized weight of the each factor;
n is the number of factors under consideration (k,2... n);
ri is the rank position of the factor.
Each criterion is weighted (Eq. 2)
W, =n-r, +1 2
and then normalized by the sum of weights, th&8Ees 3)

> (n-r +1) 3)

Weight assessment by the ranking method is asaisllo

1) Precipitation (W=0.333)
2) Basin slope (W=0.267)
3) Land use (W=0.200)
4) Soil type (W=0.134)
5) Catchment area (W=0.066)

Resulting hazard was calculated using the followoargwula (Eq. 4):
H=Y(FW, +F,W, +F,W, +F,W,, +FW,) @)
where:
F., F,, F3, F4, Fsare the respective factors
Wi, Wh, Ws, W, Ws are the normalized weights for each factor.
Results

Regarding our task of flood vulnerability assessinre result will be a ranking or categorizatidraoeas

with regard to their flood vulnerability level, ah&nce a recommendation as to where flood mitigaiztion is

mostly required. The flood vulnerability was evdkain four classes — acceptable, moderate, uraddsiand
unacceptable, according to the Table 2.

Tab. 2. Flood vulnerability acceptability and #ignificance.

Vulnerability rate Vulnerability acceptability Scale of vulnerability
1 acceptable 1-1,73
2 moderate 1,73-2,13
3 undesirable 2,13-2,46

A composite map is showing the flood vulnerabititgated using the ranking method - Figurdde map
was created by map algebra in GIS environment.
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Fig. 4. The map of flood vulnerability in the spuatea based on the ranking method.

In this application, the flood vulnerability levalanges as acceptable, moderate, undesirable and
unacceptable on the output map depicting the fladderability in the study area. The percentage afeeach
vulnerability level was calculated as 18.43 % (atable), 40.25 % (moderate), 28.99 % (undesiradoid)12.33
% (unacceptable) respectively.

Conclusions

Floods endanger the lives and health of the inhatst cultural heritage, the environment, causesade
to property and limits economic activities. It istrpossible to prevent them, but flood simulatiow aisk
assessments are strategic planning tools for aféeduction of flood risk and damage.

This paper presents work carried out in the Bodver rbasin using GIS tools and multicriteria anays
method — ranking method to generate maps of fladderable areas. The composite map (Figures 4) Stiosv
resulting map of flood vulnerability in the studyea. The area is divided into four classes (acbéptanoderate,
undesirable, and unacceptable). Red and yellowrga@a the map indicate a higher degree of vulnbabi
which raises the issue of increased flood riskodmiation from theoretical studies may be helpfultle
management of flood risks.

The aim of flood risk management is the proposafladd protection measures. The main objective of
management, as well as the entire management déyalegulated by the Directive of the European iRamént
and the Council 2007/60/EC on the assessment andgament of flood risks. The aim of this directiseo
reduce and control the adverse consequences faarhbhealth, the environment, cultural heritage azmhemic
activity associated with floods.

This paper was written thanks to the support fraojget
HUSK/1001/2.1.2/0009: Flood modeling and logistic
model development for flood crisis management
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