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Abstract: Theindicatorsof climate change in Central EumpHungry is showing a trend

of decrease in rainfall, increase in temperature and especially extreme weathsr that
becoming moreisualandunpredictable. The current study presenésaipplication ofthe

MIKE SHE model to examine theole of unsaturatk soil settingsand the effects of
climate changen various fdrological parameters and water balance componéhts.

input data has been provided by Loviesza District Water Directote. The oneata-

time method utilized in this study allows for thevastigdion of the impact of various

input parameter combinations on the estimated values of different hydrological parameters
and water balance components. The findings demonstrateti¢havel of detailedness of

the soil as an input parameter sigrafitly influences the results of the modelled
groundwater circulation and therefore the dynamics of the water regime. According to the
simulation results of the temperature increase, tantable can be regarded as the
primary water supply that replenesh thestreams.The simulation results show that the
groundwater table and evapotranspiration are the two main driving forces in theébong
catchment's water regime. These findings Wélused as a reference for water resource
management and irrigatiomfrastucture panning in the context of complex climate
change contexts

Keywords: Climate changeDong-ér catchmentWater balanceMIKE -SHE.

1. Introduction

According to thanostreentr e por t o f t h itergbmernmentiiPariéleon i on 6 s
Climate Clange (PCCi Sixth Assessment Repdrtlimate changeas having a significant
impact on thehydrological cycle andleading to an increase extreme weather events
worldwide The periodfrom 2011 to 2020 has shovenwarming of 1.09C conpared to
before the first industrialewolution and the 5 years from 2016 to 2020 is the hottest period
from 1850 tothe presenf1]. In general, the 1% tenperature limitfiiwill be exceeded in
the 21st centuy under medim or higher emissions scenarios. Teportalso introduced
the termequilibrium climate sensitivity§CS to allow more reliablepredictionsof future
warming. Global warming wilexacerbatelroughts, mcreasesvapotranspiratiorand thus
increasehefrequency of extreme rains and floods
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The temperaturencreasan Hungary is m line with the general trend the world, but
the data from the Meteorological Serviceof Hungary (OMSZ) indicates, that the
temperature in Hungary has increased by2%1over the last 4 decadespnpared to the
period before the firanhdustrial revolution2]. This is the levebhpproacho the minimum
allowed under théaris Climate AgreemenR019 is the hottest year on record since 1901
in Hungary [3]. Analysis of measurementffom the Water Scarcity Management
Observationary Networloperated bythe National Directorate of Véter Managemenbf
Hungary (OVF) shows, that the impactsof climate chage are makingdroughts more
frequent,more intense and longe. Rising meantemperatures arassociated witlrising
urban temperaturegli 6], which increasesenergy demarsl in summer The spreadof
variousinvasive pest§/i 8], thesignificantincreasan forest water usg], andthe general
increase irwater demandrealsoforeseeable

According to the National Directorate of Water Management of Hungary (OVF),
extreme weather events are becommgre common in Hungary as a result of climate
charge, and an increase in the frequency of kigknsity precipitation events should be
expected soon, potentially increasing the magnitude of local water dafiajjes\s a
result, changing climatic flects havea direct impact on agriculture, causing greater
damages primarily due to droughts and directly affecting agricultural sustainability as well
as food security{11 17]. Water manageméns becoming increasingly important in
mitigating the effects of extreme weather conditions. The importance of more effective and
sustainable water resource management, planning, and consumption has never been greater
[13-14].

According to[15], only local water balance models are reliable for making efficient
and economically sustainable water dseisionsin the dry season and waterergton in
the rainy season. Understanding the state of the weagmeis becoming increasingly
important. In the presence of both inland excess water and drought conditions, an integrated
approach is required to evaluate the complex interrelationshipgdoblogical processes
and changes in water balance from various perspectives, thereby provitiegvef
solutions to the complemodelling challenges. The Tisza River Basin Management Plan
provides an excellent introduction to the subjéei.

The geographical information system (GIS) can now be used thanks to recent advances
in information &chnology. In addition, various mathematical and phydiesied
hydrological modelling software has made related rebepossible[16]. Among the
various models, the MIKE SHE model stands out as a tool for implementing integrated
water resurce managementhe modelis capable of simulatinthe interaction of surface
water andgroundwater[17]. [18] published a model based on MIKE SHE where they
simulated the excess water accumulation processes, and egateg,rand generated excess
watermaps for the Dongr watershed. The findings indicate that the integrated MIKE SHE
model is relatively calibrated and can be used to compute and analyse several other
elements of climate change in the connection betwedrological parameters and water
balance.

Among the benefits of the MIKE SHE model is that it offers a complete, integrated
water balance calculation capability for calculating the entire regional and catelewaint
water balance for any temporal and spascale. Areal fluxes, storagéu€tuations, and
water balance changes are the typical elements of the results regarding the water balance
[19]. These results can further be used to integrate, map, and visualize hydrological
processes betweedifferent hydrological parametergl7]. The overall water balance
fluctuation estimate for the entire model catchmemais computed. Furthermore, each
hydrologic component's water balance changes. The valhese characteristics is cral
because it serves as thasisfor evaluating the water balance in the Daargcatchment.
Temperature and rain are ttveo principalfactors that impact a catchment's water balance,
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either directlyor indirectly. These a the two primary forces at wk in the hydrologic
cycle. The issue is how climate change affects the model estimates of the hydrological
parameters and the results of the water balance components. research. Permutation of the
input dataset has an effegt model findings, and it is gelired to examine the sensitivity of
the model on the input dataset and enablesligoover which inputs have the largest
influence on the model resulfg0]. Setting up sensitivityanalysis is required to increase
accuracy andptimize the calibration procedg1]. Sensitivity analysis is an effective
method for identifying influential model parameters and thereby making the model
structue more robusf?2?]. Furthermore, the sensitivitgnalysis is capable for parameter
estimations and explains the model's responses to changes in the input Tatasaeat
atime method, in which sensitivityneasures are derived by adjusting each parameter
separately while leaving all other parametmtsct, is the easiest approach to conceive
among the several approaches of sensitivity analysis that have been utilized in the literature.
The method's shortcang is that it can only do local sensitivity analysis at a single location
in the parameter disbution rather than the complete distributicii]. However, using the
MIKE SHE model's flexible simulation framenk on both the geographical and temporal
scales, this disadvantage may be overcome, providing us with a more integrated and
complde perspective.

Theaim of thecurrentstudyis to simulate different climaticonditions and to evaluate
the influence of iput parameters on hydrological parameters and water balance
componentsusing sensitivity analysisHowever,in order, to be able tocarry outthese
integrationanalysesthe hydrological models usually require various representative and
reliable hydrologia and meteorologicatlatasetd23]. In the current framework, this is
particularlycomplicated, given thimited dataavailability inthe Dong-ér catchmenat the
chosen modelling scalelowever, the variablparameters and the water calculation medu
weredeveloped and used by the authors to simulateasessvith an integrated approach,
which climate chang manifestation has a more significant impact on riggultsof the
hydrological parameters angaterbalance components. This can be achievedpphying
the oneat-atime method.To achieve thegoals it is requiredto 1) verify the suitabilityto
deternine the advantages and disadvantagethe MIKE SHEenvironmentin the case of
the area under studg) to simulatethe hydrologicalsystemandthe completevaterregime
under differentcombinations ofnput variabls; 3) to compare thesimulation resultsand
determine the most affected factors timugsty sensitive tothe permutationsf the input
datasd. These results may make it possitdgredictandassesshe impactsof the ongoing
climate change owater balance components afitferenthydrological parameters.

2. Materials and methods

2.1.Study area

The 2127 knt Dong-ér inland excess water geztion management systemlocated
in the centralouthernpart of the Danulielisza InterfluveSand Ridgeabout 50 km from
the Serbian bordefFigure 1). The western part ohe watereed belongs tthe eastern part
of the Bugaci Sand iRge, where thelghtly undulating plain and the series of ridges
stretchingin the northwessoutheast direction, the wind furrows, is an area covered with
wet bogs and peafhe averageelative reliefis 3.5 m/km. In the sediment near the surface
of the area, shiftingand showslominanceits thickness can vary from a few meters te 50
60 m. Most of its waters flow into the Doy Brook.Incidentally, the initial stages of the
Dong-ér streambelong o this landscap§?4]. The western, higher area consists mainly of
highly permeable sandy sediments. The eastern part is mainly covered by river sediments
with minimal gradientand lower hydraulic conductivity.
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Figure 1. The Dongér stream watershed

In the initial section of the Dongr stream the surface water transport is minimal, the
occasionally dryingup river bed is revealed onlythrough wetland vegetation
Consequentlythe aredd s wat e r camnetbeoaxplied therefore, groundwater
mostly plays the only sourckor irrigation purpose$25]. 50 years ago, the water taldé
the Bugaci sand ridge wavailable at a depth of2 m, butlater, significantdischarge was
obseved[24]. The saithern part of the Don§r catchment morespecifically the areaon
the right side of the Donér stream belongs to the DorozsmdajsatSand Rdge. Most of
the Dongér catchmentbelongs to the Kiskunsagoess Ridgewhich is an alluvial cone
plain coveredwith loess and sand. The value of the relative relief here is 5 infkrthe
northwestsoutheast direction between Kiskunfélegyhaza and Kecskemét, a 1.5 m thick
loess covers the sand durjég]. In the catchmenarea, thealmost pardél canalsystem
collectsand transports the excess water to the Bémggream, and then flows anto the
Tisza.Only when an extreme Tisza flood wave forms does the gravitationakfiowl he
Dongérs t r efwnrateduringthe normal period isarourd 2-3 n¥/s; howeverin years,
wheninland excess wates formulated in springhe runoff canexceed20-30 mv/s, and in
extremedroughtsummerperiods thestream is often dries uppmpletely[26]. The speed of
the prevailing nah-west wnd is about2-3 m/s, thus the surface forms are predominantly
shaped byaeolianeffects andhie ared s t o p bag furadantentally shapede water
networks.The Dong-érstreand s d omi nant isfSWbEy whila thedributaries n
are flowirg perpenttularly, following the characteristinatural deflationary depressions.

In years when the rainfall exceeds the average, the water table usually rises above the
surfacein deflationary depression®rming temporarilyfloodedregions[27].

The climate projecti ons Intemovermrerdall Pabehont h e
Climate Change (IPCOprecaststhat the average tgrarature increase of our planet may
exceedl.5°C in 2052[2€]. Two regional climate models and dvwelimatescenarios from

U



VN J Hydrometeorol2022, 12, 39-56; doi:1036335/VNJHM.202(12).39-56 43

the Meteorological Service of Hunga{DMSZ) indicate, thathe average temperature in
Hungary could increaseby 3-4°C by the end of the21® century, hencethe e C t hr es h ol
will be exceeded in the near futur€he Dongér watersted is paticularly exposed to
temperature riseandis one of thedriest areash Hungary hence the risk of droughtwill
increasen the future[27]. The meanannualprecipitation totaln the catchmentver the
past two decadeis 611 mm, meanwhilein extreme casest can exceed 800nm (1999,
2010, 2014) or can represent desert conditwitis the extremely minima203 mm (2000
2011, 2021 2022. Between 2000 and 2018, the lowest monthly mean temperature was
5.2C (February2012 andJanuary 201)] the highest was +246 (August 2018 Snow
cover has disappeared over the past decade, although thiedongverage snow cover is
20 cm thick.

Nonrrirrigated crodand dominates the aredth about 40%, followed Yo pasture with
13%, anddeciduoudorestwith 10% of the total studgrea. he rest are various small land
uses, such astransitional forestshruh discontinuous urban structures, andmplex
cultivation patternsThe agrotopographic map indicates an exrtlg heterogeneous soil
distribution pattern, predominantly chernozem, humid shlmyn sand, sandynd saline
soils. Each soil type found in the arégpically has ahigh infiltration potential Since the
1970s, there has been a decreasing trend inpgegon, which has led to a significant
lowering of the water table, which today averages more than 2 njé&@rdRecently in
periodsof sustained rainfallwaterscarcity can be restored in the lower parts of the Sand
Ridge In the recent 2@ears, the water table has occasionally risen to harmful levels and
caused surface floodirfg(].

2.2 Basic concepts of the water regime model in the catchment area

The unsaturated soil settings and terajpee sensitivity analysis focused on thgpact
of changes inthe modelledhydrological paramets and water balance component
outcomes Based on datérom the HungarianNational Geological Institute (MAF|)the
unsaturated dataere uniformly and spatilby adjusted Taking into accounthe results of
the long-term climate forecast modeldPCC [28] and OMSZ[31] for the temperature
increase for 2050he temperature daseriesof the reference model f@018 (BSscenari®
was increased by0.3°C, +05°C, +0.7C and +1.8C. All other parameters were left
unchanged ahthe differences betweetihe threehydrological modelswere compared
(Figure?2).

2.3 Data requirements of the current model

In the MIKE SHE model, the input data depends entirely on the purpose of the
hydrological process simulation and the problent tihe modelis intendedto solve.
Obviously, there are essential input data, such asdtoémentarea the topographynd
the water network of thenvestigatedarea This includes data thahangedittle or remairs
unaffectedover the long term, such abke watershedopography, water networks (rivers
and lakes), saland geological featws. h addition, there are data that change within a
relaively short period of timelike precipitation, temperature, evapotranspiration, and
vegetation (leaf areadex and root depthMitigating these factors is criticéd modelling
a variety ofprocessesncluding water managementable 1 presents the basioput data
requirement®f the MIKE SHE modelling environment
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Figure 2. Scheméc structure of theasearch workflow

Table 1. Inputfeaturesandincluded data sources of the MIKE SHE model

Data

Format

Notes

Catchment area

Water networks
Geometry data of water
networks

Digital Elevation Modell
(DEM)

Precipitation
Temperatures

The potential
evapotranspiration (E5J

Surface water level

Shape
Shape
Shapeand
Excel Bable

Tiff

Excel
table
Excel
table

Excel
table

It can bedividedinto two mainclassesThe firstgroup
includes streamsfrom the previousera, that provid
routings and survegrosssections angrocesgheminto
3D point features ATIVIZIG manages the strea
attributes in a different wayywhere the mth lines are
provided aspolylines, and the crosssection data i
defined by longitudinal profile andariouscrosssection
data

10x10m spatial resolutionspatial referenceHungariar
Datum 192 EOV. In order v run the MIKE SHE
model, the DEM datanust be convertedo a spatia
distribution grid point file @fs2. The point file wa:
created withArcGIS Desktopand could be converdeto
adfs2file using MIKE Zero Tolbox[19]. The resulting
spatial distribution grid can beported into the model

Daily mean temperature dataset providéy the
Hungarian Meteorological Office (OMSZ).

Daily precipitationtotals at individual gauges provide
by theHungarian Meteorological Office (OMSZ).
Potentialevapotranspiration (EJ can be estimateid a
simplified way based onthe correlation with the
temperature (T) The following function describes a
good relationship between the two phenomigrig

Surface water level dataset for the Dafrgcatchmer
provided by ATIVIZIG.





































