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Flood vulnerability assessment of Bodva cross-border river basin

Martina Zeleridkovd', Endre Dobos?, Lucia Kevdcovd®, Janés Vigo?, Mohamed Abu-Hashim?,
Rastislav Fijko! and Pavol Purcz*

The disasters of the past few years have shown the importance of prevention and preparedness, not only in Hungary and in the Slovak
Republic, but all over the world. In 2010, the floods of the rivers Herndd/Horndd, Sajo/Sland and BédvalBodva caused serious problems for
these nations, affecting several settlements with thousands of inhabitants. The inhabitants and enterprises of the targeted area come in for
the results from the flood risk assessment, by having a more secure environment. The methodology is applicable in other water courses in
Hungary and in the Slovak Republic as well in the other countries. The aim of the presented study was to assess the distribution of flood-risk
potential at the regional scale. A progressive approach integrating geographical information system (GIS) with method of multicriteria
analysis (MCA) — analytic hierarchy process (AHP). In the analyses, the most causative factors for flooding were taken into account such as
monthly precipitation, soil type, land use, basin slope. A case study of flood vulnerability identification in the Bodva catchment area has been
employed. Spatial estimation of flood-risk potential should be one of the basic steps for complex geo-ecological evaluation and delimitation
of landscape considering water resources management, groundwater pollution, prediction of soil erosion and sediment transport and some
other important landscape-ecological factors. The obtained results indicate that AHP method shows good results as related to the existing
floods in the recent years in Bodva catchment.
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Introduction

The disasters in Hungary and Slovakia are linked mostly to extreme weather. The number and effects of
natural disasters increased significantly and caused more loss than ever before. The floods of May and June 2010
in the valley of Bodva and other rivers flowing from Slovakia to Hungary demonstrated the importance of time
during an emergency and the necessity of new systems and methodologies to reduce the damages, protect human
lives and material goods (Blistanova et al., 2016; Zelenakova et al., 2018).

The increase in damage due to natural disasters is directly related to the number of people who live and
work in hazardous areas and where their property is accumulated (Petrow et al., 2006; Van Alphen et al., 2009,
Kiss et al., 2014). Flood risk analysis provides a rational basis for prioritizing flood protection and flood
management activities. Risk analysis can take many forms, from informal methods of risk ranking and risk
matrices to fully quantified analysis joined with modelling (Merz et al., 2010). The multi-criteria analysis
method (MCA) is widely used scientific approach, which may be implemented in the GIS environment for risk-
mapping of populations or regions and for identification of risk zones (Blistanova, Blistan, 2014). An analytical
hierarchy process (AHP) is one of the most widely used multicriteria method based on the pair-wise comparisons
in order to create a ratio matrix and estimate a ranking or weighting of each of the evaluated criteria (Saaty,
1980). Multicriteria analysis (MCA) methods have been applied in several studies in flood risk assessment.
Chandran and Joisy (2009) introduced an efficient methodology to accurately specify the flood hazard areas in
Vamanapuram river basin using GIS. Yalcin and Akyurek (2004) applied a GIS and multicriteria analyses to
evaluate the flood-vulnerable areas in south-west coast of the Black Sea by the ranking method and pairwise
comparison method. Tanavud et al. (2004) assessed the risk of flooding and identified efficient measures to
reduce flood risk in Hat Yai Municipality, southern Thailand using GIS and satellite imagery. Yahaya et al.
(2010) identified flood vulnerable areas in Hadejia-Jama’are river basin Nigeria by using a spatial multicriteria
evaluation technique — pairwise comparison method, analytical hierarchy process and ranking method. Scheuer
et al. (2011) present an approach to modeling multicriteria flood vulnerability in the city of Leipzig in Germany,
which integrates the economic, social and ecological dimension of risk and coping capacity. Meyer et al. (2009)
developed a GIS-based multicriteria flood risk assessment and mapping approach and applied it for the River
Mulde in Saxony, Germany. Kandilioti and Makropoulos (2012) applied three MCA methods: analytic hierarchy
process, weighted linear combination and ordered weighting averaging in GIS environment to produce the flood
risk map of the Greater Athens area and validated it for its central and the most urban part. Ramlal and Baban
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(2003) used GIS to map the extent of the flooding area, estimate soil loss due to erosion and estimate sediment
loading in the rivers in the Caparo River Basin in Trinidad and Tobago. Scolobig et al. (2008) applied social
multicriteria evaluation to analyze a recent case of controversy in flood mitigation in Malborghetto-Valbruna
(Northern Italy) and to improve flood-mitigation decision processes. Two different multicriteria decision rules, a
disjunctive and an additive weighting approach, were utilized for an overall flood risk assessment in the area
(Serban et al., 2016). Kenyon (2007) introduced study builds on existing deliberative processes to develop a new
participant-led multicriteria method to evaluate flood risk management options in Scotland. The results show that
participants preferred regeneration or planting of native woodland to other flood management options, and least
preferred building flood walls and embankments (Simonovic, 2002). Wang et al. (2011) used a semi-quantitative
model and fuzzy analytic hierarchy process weighting approach for assessment of flood risk in the Dongting
Lake region, Hunan Province, Central China, an area where flood hazards frequently occur. The obtained results
can provide useful information for decision makers and insurance companies. Papaioannou et al. (2015)
presented a framework for mapping potential flooding areas incorporating geographic information systems,
fuzzy logic and clustering techniques, and multi-criteria evaluation methods. Results show that multiple MCA
techniques should be taken into account in initial low-cost detection surveys of flood-prone areas and/or in
preliminary analysis of flood hazard mapping. Rahmati et al. (2015) assessed the efficiency of analytical
hierarchical process to identify potential flood hazard zones by comparing with the results of a hydraulic model.
Four parameters via distance to river, land use, elevation and land slope were used in some part of the Yasooj
River, Iran. The results showed that the AHP technique is promising of making accurate and reliable prediction
for flood extent. Therefore, the AHP and geographic information system techniques are suggested for assessment
of the flood hazard potential, specifically in no-data regions. Romanescu et al. (2016) examined the vulnerability
of the population and buildings of a village situated in the eastern part of the Eastern Carpathians by applying the
multicriteria method, areas with high flood vulnerability were pointed out in the Sucevita catchment.

The flood vulnerability model to be developed gives the possibility to forecast the flooding risks which
means highly valuable information for both Slovakian and Hungarian Disaster Management Directorates and
Water Management Companies as well as for inhabitants of the area. The results of this paper will help to flood
risk management in the study area and support the decisions of the actions of inhabitant flood protection and
present a valuable knowledge for research in the field of flood risk mitigation.

Study area

Bodva River rises in Slovakia, on the southern part of Slovenské Rudohorie (the Slovak Ore Mountains) at
the foot of the 1187 m high peak Osadnik. The total catchment area is 1733 km?, of which 867 km? in Hungary.
97 towns and villages are located in the catchment area, including 42 in Slovakia. Bodva Valley can be divided
into the following sections:

e  Upper Bodva Valley: narrow and deep valley of ore mountain above Medzev; expanding swampy valley in
the atrium of ore mountain;

e  KoSice basin;

e Bottom Bodva Valley: valley of uniform width above Perkupa (Hungarian "upper valley"); Gorge

Szalonna; Basin Szendr6; Gorge Szendrolad; Entrance to the Slana valley, near Edelény.

The river flows 111 km and after the village Boldva mouths into Slana River, in its river kilometre 69.3.
Several millennia of human presence in the basin Bodva and conversion of land as a result of his actions reflect
current coverage of the country. As a result of human activity occurs in excessive downstream communities
including grassland. Such territories include the once cultivated arable land and orchards extending the border
villages. Marshy meadows and continuous alder stands can also be found along waterways. These were
previously much more widespread, but because of the machining of fertile valleys along streams, most of them
narrowed only a narrow area along the flow. Mining activity (coal, iron ore), which was previously characterised
for the basin and its adjacent areas, no longer exists, except in mining gypsum. There is no major industrial plant
near the river. Water quality in Bodva River influences Hungarian sources of pollution and also pollution
originating from the territory of Slovakia. To protect water quality, it can be considered fortunate that in the river
basin there is practically no industrial production, therefore polluting industrial process is not significant. There
are no specific data on the pollution that gets into Bodva. A role of runoff and precipitation are important
regarding the pollution characteristics; due to changes in the flow the pollutants are mixed with water in
different/changed ratio. From an agricultural area, pollution gets into the groundwater and then to the river by a
splash of fertilisers and plant protection products/nutrients.

The studied region — Bodva watershed (Fig. 1.) — covers a rural area with inhabitants living mostly from
agriculture. Tourism potential is also evident and prioritised.
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Fig. 1. Bodva watershed.

In general, the area is classified as an underdeveloped region, with inhabitants of low income and living
standards. The educational level is generally low; the proportion of the population living on a very low level of
living standard is very high compared to the national averages. The regional development plans focus mainly on
the agricultural and tourism potential and aim to increase the level of education and life quality through the
support of the small and medium enterprises. These SMEs are mainly involved in the agricultural sector and the
processing of the local products. This agricultural potential and also the area of the settlements and the human
infrastructures are endangered by the flooding and ponding waters. The safety of the agricultural production, the
clean environment and the building infrastructure is highly important in a region like this, where the majority of
the properties have no insurance. Due to the lack of financial means and savings, any damage occurring in these
properties is critical and requires major efforts from the governmental organisations to revitalise the area without
any relevant self-contribution to decrease the negative impacts of the natural, flood damages.

Materials and methods

Water resources management is one of the fields in which multicriteria methods have been used
extensively. Multicriteria analysis (MCA) has been applied in many flood risk assessment management studies
(Scolobig et al., 2008; Boroushaki and Malczewski, 2008; Meyer, 2009; etc.); some of them are already
mentioned in the introduction. GIS has been developed and often applied to examine spatial and temporal
patterns of flood occurrence with the main aim to find associations among geographical factors causing flood
evens (Ramlal and Baban, 2003; Romanescu and Stoleriu, 2014; Diaconu et al., 2017).

We used the multicriteria method — the analytic hierarchy process (AHP) (Saaty, 1980) for determining
flood vulnerability. The methodology of flood vulnerability map development is presented in the flowchart in
Figure 2.
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The analytical hierarchy process is employed for rating a set of alternatives or for the selection of the best of

alternatives.
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Fig. 2. The methodology of flood vulnerability map development.

The initial data required for this study were acquired from the Atlas of the Slovakian Landscape, and further
data were provided by Slovak Water Management Enterprise, s.c. Kosice, Soil Science and Conservation
Research Institute, Slovak Hydrometeorological Institute.

Basically, two phases are applied in this study to analyse flood vulnerability: firstly, to identify the effective
factors causing floods — the potential natural causes of flooding, and secondly to apply the method of MCA in
GIS environment to evaluate the flood vulnerability of the area.

Choosing the risk factors

The first step in assessing the flood vulnerability in the Bodva catchment was the selection of hydrological
and geographical factors which can influence the flood occurrence. We have selected: monthly precipitation, soil
type, basin slope, land use. The data were obtained from Hydrometeorological Institute (precipitation); Soil
Science and Conservation Research Institute (soil type); Digital Terrain Model (basin slope) and Corine Land
Cover (land use). The next step was a determination of classes of each factor and importance of factor’s class, as
shown in Table 1.

Tab. 1. Risk factor’s class and his importance.
Risk factors Risk factor’s classes Importance of factor’s class (RF)
Monthly precipitation 0-54.9mm
55-59.9 mm
60 — 64.9 mm
65-69.9 mm
70 mm and more
Soil type 0-10%
(content of clay particles) 10-30 %
30-45%
45 - 60 %
60 % and more
Basin slope 0-15%
15-30 %
30-45%
45-80 %
80 % and more
Land use forest
pastures and meadows
agricultural land
urbanised area
water area
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The risk factor’s classes according to Table 1 are presented in the separate factors maps in Fig. 3-6. ArcGIS
9.3 was used for transferring data to the appropriate GIS layers. Maps in Figures 3-6 present the real values of
the risk factor in the river basin as well as reclassification according to Table 1.
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Fig. 3. Map of daily rainfall.
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Fig. 5. Map of basin slope.
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Fig. 6. Map of land use.

MCA method: analytical hierarchy process was used for defining the flood vulnerability in Bodva river
basin. The spatial variability of flood vulnerability is an important part of flood risk assessment on the national
level, as well as for application of spatially differentiated approaches to flood defence strategy (Solin and
Skubin¢an, 2013). The multi-criteria analysis ends with a more or less stable ranking of the given alternatives
and hence a recommendation as to which alternative(s) should be preferred.

Defining flood vulnerability areas using MCA — AHP

The analytical hierarchy process (AHP) developed by Saaty (1980) was applied for the determination of
the importance of selected causal factors. The matrix of pairwise comparison of causative criteria (Table 2) was
used to assess the degree of significance of the individual criteria and measures, and to determine how the
evaluated variants fulfil the resolution of these criteria. AHP method is a structured mathematical technique for
organising and analysing complex decisions. Assessments are based on expert estimates by comparing the
mutual influences of two or several causative factors based on the selected scale (Saaty, 1980) in order to obtain
the relative importance of selected factors. The relative weight of selected criteria was based on an iterative
process and the matrix of pairwise comparison, where the matrix A of type p x p (i.e. it has p rows and p
columns) was calculated by the normalisation of the columns A (Boroushaki & Malczewski, 2008) according to
the relation:

A:[Rth]pxp @
For calculation of the element of the matrix a;t , the relation applies (2):
RF
- ot
RF, = ;
Z RF,
‘ )

The matrix A x A was calculated and normalised in A,, subsequently As, ..., A, were calculated until all
columns of the obtained matrix are identical. The column then gives the vector o defined by the relation (3):

@, = RFq(2) 3)
forallg=1,2,..,p

Tab. 2. The matrix of pairwise comparison of causative criteria and calculation of the normalised weight of criteria.

RFwmp RFst RF&s RFLu Weight
RFwe 1.00 5.00 5.00 7.00 0.49
RFsr 0.20 1.00 3.00 5.00 0.09
RFgs 0.20 0.33 1.00 5.00 0.17
RFLy 0.14 0.20 - 1.00 0.25
Sum 1.54 6.53 9.20 18.00 1.00

The resulting vulnerability was calculated using the following formula (Eq. 4):
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V =Y (RF,W, +RF, W, + RF, W, +RF, W, ) @

where: V is a vulnerability, RFy;, RFy, RFg;, RF,4; are the importance of factor’s class, and Wy, Wy, W5, W, are
the normalised weights for each criterion.

Results and Discussion

The result of our assessment is the categorisation of the flood vulnerability of the Bodva catchment into
four flood risk classes. The flood vulnerability was evaluated in four classes — acceptable, moderate, undesirable
and unacceptable (Table 3) — arranged according to MILSTD 882D Standard practice for system safety. The
results are inevitable for the flood risk management and proposing flood mitigation measures for the most
vulnerable territories. Vulnerability’s classes were divided using Box plot method (Tukey, 1977). The obtained
results from software ArcGIS 9.3 are presented in Fig. 7.

Tab. 3. Vulnerability acceptability and its significance.

Vulnerability rate / acceptability The significance of flood vulnerability in the watershed Scale of vulnerability

Vulnerability in watersheds are moderate — the condition of

continual monitoring =21

2 / moderate

3/ undesirable Vulnerability in watersheds are undesirable — flood protection 2.13-2.46

Legend

Catchment

1

Flood vulnerability
[ 1.00-1,73
[ 173-243
[ J213-246
- 2,46 and more

Fig. 7. Map of flood vulnerability in the study area based on the analytic hierarchy process.

The flood vulnerability assessment based on the analytic hierarchy process shows that the Bodva river basin
is formed mainly by areas with acceptable and moderate undesirable flood vulnerability. Zones with the
undesirable and unacceptable level of flood vulnerability were also identified, but with only relatively small
areas. The undesirable and unacceptable zone covers only some part of the hilly Cserehat Region in Hungary and
represents 3 % respectively 1 % of the study area. Moderate vulnerability zones in 24 % of the study are also
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mostly in the Hungarian part of the watershed. Acceptable flood vulnerability is covering 72 % of the assessed
area mostly in Slovakia.

Flood vulnerability is a joint effect of two independent mechanisms natural conditions and the human
activities in the basin. The primary impulses of floods are usually extremely intense precipitation. The total
catchment’s hydrological response to intense rainfall is determined by its natural environment, a whole complex
of characteristics of the watershed.

The results are mostly coincident with the results from preliminary flood risk assessment which has to be
done in the Slovak Republic in 2011 (Zelenakova and Gaiova, 2011).

It should be noted that AHP method shows suitable results of flood vulnerability assessment as related to
the existing floods in the recent years. It is a suitable method for analysing the flood-vulnerable area. The
development of this assessment for whole Bodva catchment has the advantage that there is a method which is
easy to apply.

As described above, we created multicriteria vulnerability map for Bodva river basin. The results obtained
from this assessment indicate the importance of the determination of flood-vulnerable areas for decision makers
in water management, especially in the flood risk management.

Conclusion

Rivers act as natural connectors between Slovakia and Hungary due to the geographical and
hydrogeological features of these countries. Slovakia and Hungary are concerned mutually in conservation and
protection of the rich ecosystem of the related areas and shielding the settlements along the riversides.

This paper presents a work carried out in the Bodva river basin involving the use of GIS tools and
multicriteria analysis methods to generate maps of flood vulnerable areas. Basically, two phases are applied in
this study to analyse flood vulnerability: firstly, to identify the effective factors causing floods — the potential
natural causes of flooding, and secondly to apply methods of MCA in GIS environment to evaluate the flood
vulnerability of the area. The level of flood vulnerability was evaluated in four classes (acceptable, moderate,
undesirable, and unacceptable). The composite map (Fig. 7) showing the flood vulnerability provides the results
based on the use of the multicriteria method in ArcGIS software. A flood vulnerability risk map can be a quick
decision support system tool to study the impact of planned human activities on the catchment area.
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