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ASSESSING THE VULNERABILITY TO CLIMATE CHANGE IN THE
ROMANIAN PART OF THE TISZA RIVER BASIN

ALEXANDRU-IONUT PETRBOR"? VASILE MEITA ?, ALINA CHICOS?,
ION PELEANU? CEZAR-PETRE SIMION-MELINTE

ABSTRACT - Clime change represents a current and impoidaung; in addition to the disputed global
warming, at local or regional levels, floods coaldo be a consequence of this phenomenon. If the
potential effects are assessed in terms of exppsarssitivity, and vulnerability, a GIS methodology
based on statistical indicators and GIS modelliras wised to assess the overall vulnerability of the
Tisza river basin and define the flood-prone aEaeen though specific indicators exhibited high eslu

in some NUTS Il units, the overall vulnerability thhe regions appears to be low.
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INTRODUCTION

Clime change is an important issue for the sdierdommunity regardless of the specific field
of study due to the environmental effects and irtpan the economy (especially agriculture) and
human communities. Evaluating particular scenariefated to changes of temperature and
precipitations has a central place among clime gaatudies. The environmental impacts include the
loss of biodiversity (species and ecosystems),endajjricultural impacts include the exposure to heat
changes of the precipitation regime, and dispersibndiseases and pests (Secretariat of the
Convention on Biological Diversity, 2007, p. 9; @gnand Richards, 2008, pp. 3-4; Reirj 2010).

Taking into account the importance of these issties ESPON projecElimate Change and
Territorial Effects on Regions and Local Economie&uropeaims to classify the European regions
based on the predicted impacts of clime changénetifin terms of several concepts: (1) exposure:
nature and degree to which a system is exposedgtifisant climatic variations, (2) sensitivity:
degree to which a system is affected, either adlerm beneficially, by climate related stimuli,) (3
adaptive capacity: ability of a natural or humaastegn to adjust to climate change (including climate
variability and extremes) to moderate potential dges, to take advantage of opportunities, or t@ cop
with the consequences, and (4) vulnerability: dedoewhich a system is susceptible to, or unable to
cope with, adverse effects of climate change, thioly climate variability and extremes (Greiving et
al., 2009, p. 2). Vulnerability is a function oktlcharacter, magnitude, and rate of climate vanat
which a system is exposed, its sensitivity, anchdaptive capacity. The current study is part ef th
Romanian contribution to the project, and aims $seas the exposure to clime changes in the
Romanian part of the Tisza river basin, as paa oése study conducted by researchers from Hungary
and Slovakia in addition to the Romanian ones.

An important clime change issue relates to floatlse to their catastrophic effects. From a
planning perspective, it is important to delinetite flood-prone region in order to substantiate a
strategy consisting of “do-s” and “don’t-s” regutgt the human activities within. While other
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countries which share the Tisza river bagrg( Hungary or Slovakia) had such a region precisely
defined by law (Jelinek et al., 2007, p. 17; Slogkirometeorological Institute, 2006, p. 7), Ronaani
has a different situation. If using the principkegulated by Law no. 575 of 2001 on the national
spatial plan — areas at risk (Parliament of Romal@d1), according to which the area could be
defined by the sum of NUTS V/LAU Il units where suevents occurred, the flood-prone region of
the Romanian part of the Tisza river basin consitall but one such units, covering 1/3 of the
national territory. Such an approach is not coasiswith the reality; the explanation consists of
neglecting the temporal scale (such events occue moless frequently in different places), as wasl|
the spatial one (the flood-prone area within suplisudoes not consist of the entire administrative
territory, but of a smaller section).

A precise delineation should take into accountgiemorphology of the territory. Parameters
such as slope, geological structure, and hydrodggdphtures are crucial; in addition, floods cohkl
due to the runoff, as well as due to the existirgewbodies and courses. Since the assessmem of th
first requires a digital elevation model analyzeihg specific tools, such as the GIS-based viewshed
analysis (Buhmann and Pietsch, 2008), used in notippn with statistical hydrographical data, and
because such advanced instruments were not awilablfocused on a definition based on existing
water bodies and courses. Provided that such aitil@fi is not complete, the paper proposes it as a
start point for further research, and not as d fingput.

Within this framework, the use of CORINE data gday an important role in assessing the
impact of clime change (Pegor, 2008). Starting from the definitions given l®nden (2000, p. 13)
according to which land cover characterizes whaaduaially there from a biophysical viewpoint,
Petrisor et al. (2010) considers that land cover is otflé by the first level of CORINE classification
(CLC1: artificial/urban areas, agricultural regipferests/semi-natural areas, wetlands, water)lewhi
land use, reflected more or less detailed by thietéeo CORINE levels, shows the designation of each
parcel based on the type of geosysteea, “natural use” in natural or less anthropizedtays that
preserved their structure in time, and socioeconame for medium/strongly anthropized systems.
The first class of CORINE — level 1 is “urban/buify area”, and presents a particular importance for
planning purposes.

The study presented in this paper aims to propodefinition of the flood-prone region and
calculate specific environmental indicators assegssne vulnerability of clime change using a GIS-
based methodology relying on CORINE data withinRmenanian part of the Tisza river basin.

DATA AND METHODS

The study utilized three datasets: (1) Romaniantdey subsets of 1990 and 2000 CORINE
land use (level 3) data, freely available for davaling from the European Environment Agency at
the URL http://dataservice.eea.europa.eu/dataggmetadetails.asp?id=1109, (2) data on Romanian
water bodies and courses and (3) the NUTS Il aims of the national territory, both from the
National Institute for Research and Developmer€amstructions, Urbanism and Sustainable Spatial
Development URBAN-INCERC, URBANPROIECT branch.

Defining the flood-prone area relies on buildingfers around the water bodies and courses.
The width of the buffer is proportional to its inmence; the important courses have a larger buffer
(500 m), while the minor ones have a smaller buff®0 m). Following the definition of the region,
the vulnerability was assessed overlaying othesrlagf information.

In order to exemplify the methodology, the follogiimages exemplify the computation and
analysis of a specific ESPON — Climate indicatbe share of built-up areas within the flood-prone
region.Figure ldisplays the entire flood-prone region, definedngrging all the buffers; a detail is
displayed inFigure 2
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Figure 2. Detail of the flood-prone region in the Tisza rivesin
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Figure 3. Urban/built-up areas in the Tisza river basin
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Figure5. Detail of the flood-prone region in the Tisza rivesin

The next step consisted of selecting the urbalt/bypiareas of the Tisza river baskidure 3
situated within the flood prone regiokigure 1). The result for the entire basin is displayedFigure
4, and a detail presentedfigure 5 The selected areas were clipped by the limit@TS Il units
(counties) in order to perform the computation lé specific indicators, using the Spatial Analyst
extension of ArcView 3.X. The results were tabledues for each NUTS Il unit. The values were
displayed as chloropleth (graduated colour) mapfinithg each time five classes (corresponding to
very low, low, average, high, and very high valuesing the “natural breaks” grouping in ArcView,
chosen as the best way to pinpoint the gaps o$phadial distribution of the values of each indicato
between the NUTS Il units.

RESULTSAND DISCUSSION

The results are displayed belowable 1 summarizes the NUTS IIl values for several
indicators; their spatial distribution is displayedthe maps presented figure 7to 11 the share of
urban/built-up aread={gure 7), the share of arable land, vineyards and orchiigsire 8, the share
of major highwaysKigure 9, the share of connecting roaddgure 10, and the share of railroads
(Figure 17).
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Figure 6. GIS model for assessing the overall vulnerabilagdd on the weighted overlay of the
spatial distributions of selected indicators withihe flood region in the Tisza river basin
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Table 1. Values of specific indicators assessing flood walbiéity in NUTS 11l units (counties) of
the Tisza river basin (values indicate the shararef situated within the flood region)

% urban/built | % major | % connecting| % rail- % arableand,
County . vineyards, and
up areas highways roads roads
orchards

Timis 32.86 7.57 10.34 10.90 58.14
Satu Mare 18.0p 6.70 6.10 9.59 45.41
Salaj 13.40 26.31 18.62 32.13 24.34
Sibiu 31.51 6.91 6.26 14.42 13.98
Mures 18.46 20.67 21.66 70.38 23.30
Maramure 32.68 25.35 20.43 52.17 7.92
Harghita 25.42 25.29 18.05 41.33 9.23
Hunedoara 30.51 41.56 22.29 63.58 7.82
Cluj 28.18 21.68 20.75  35.33 23.11
Bistrita-Nasaud 26.02 38.66 23.960  33.74 13.69
Bihor 24.16 5.88 7.21 10.03 32.79
Arad 8.70 19.35 13.99 18.76 40.30
Alba 8.53 18.86 21.17 18.59 17.74

The different indicators do not show a consisteattern. Only the communication routes
(major highways, connecting roads, and railroads)rsto be well developed on a gradient exhibiting
high values from the south to the northeast oféggon.

In a final step, a GIS moddFigure 6 was developed to combine the information offegd
the six indicators used in the study: the shareaurbfan/built-up areas, the share of arable land,
vineyards and orchards, the share of major highwigsshare of connecting roads, and the share of
railroads. Since the first one describes the socidherability, the second assesses economic
vulnerability, and the last three ones describaagether the infrastructure, the weights assigoed
them correspond to the sectors: the share of WwbdRip areas — 33%, the share of arable land,
vineyards and orchards — 33%, the share of magiviays — 12%, the share of connecting roads —
11%, and the share of railroads — 11%. Slightlyhbigshares assigned to indicators in some sets
reflect their importance. The indicators are refgvéor the physical vulnerability, including the
transport infrastructure, economic activities (egiture), and social impacts (against the urbait/bui
up areas).
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Figure 7. Distribution of the share of urban/built-up areaghin the flood region in the Tisza river
basin per NUTS Il unit
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Figure 8. Distribution of the share of arable land, vineyardad orchards within the flood region in
the Tisza river basin per NUTS Il unit
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Figure 9. Distribution of the share of major highways withire flood region in the Tisza river basin
per NUTS Il unit
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Figure 10. Distribution of the share of connecting roads witttie flood region in the Tisza river
basin per NUTS Il unit
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Figure 11. Distribution of the share of railroads within thiedd region in the Tisza river basin
per NUTS Il unit
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Figure 12. Distribution of the overall vulnerability within éflood region in the Tisza river basin
per NUTS Il unit
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The final map, resulted from overlaying the spatistributions of all selected indicators
within the flood region using the weights presenitedhe methodological section, is displayed in
Figure 12

The generalized final map indicates that the dvetdnerability is low in most counties and
very low in Alba County. In conclusion, even thougimate change could represent an issue, the
results indicate that floods are not likely to mewthe development of the region, based on asgessi
the economic, social and infrastructure dimensimindevelopment using the indicators proposed by
the research project.
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