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Abstract: The indicators of climate change in Central Europe, Hungary is showing a trend 

of decrease in rainfall, increase in temperature and especially extreme weather that is 

becoming more usual and unpredictable. The current study presents the application of the 

MIKE SHE model to examine the role of unsaturated soil settings and the effects of 

climate change on various hydrological parameters and water balance components. The 

input data has been provided by Lower-Tisza District Water Directorate. The one-at-a-

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

input parameter combinations on the estimated values of different hydrological parameters 

and water balance components. The findings demonstrated that the level of detailedness of 

the soil as an input parameter significantly 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, the water table can be regarded as the 

primary water supply that replenishes the streams. The simulation results show that the 

groundwater table and evapotranspiration are the two main driving forces in the Dong-ér 

catchment's water regime. These findings will be used as a reference for water resource 

management and irrigation infrastructure planning in the context of complex climate 

change contexts.  
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1. Introduction  

According to the most recent report of the United Nationôs Intergovernmental Panel on 

Climate Change (IPCC ï Sixth Assessment Report), climate change is having a significant 

impact on the hydrological cycle and leading to an increase in extreme weather events 

worldwide. The period from 2011 to 2020 has shown a warming of 1.09oC compared to 

before the first industrial revolution and the 5 years from 2016 to 2020 is the hottest period 

from 1850 to the present [1]. In general, the 1.5°C temperature limit ñwill be exceeded in 

the 21st centuryò under medium or higher emissions scenarios. The report also introduced 

the term equilibrium climate sensitivity (ECS) to allow more reliable predictions of future 

warming. Global warming will exacerbate droughts, increase evapotranspiration, and thus 

increase the frequency of extreme rains and floods. 

http://www.u-szeged.hu/english/
http://www.u-szeged.hu/english/
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The temperature increase in Hungary is in line with the general trend in the world, but 

the data from the Meteorological Service of Hungary (OMSZ) indicates, that the 

temperature in Hungary has increased by +1.2oC over the last 4 decades, compared to the 

period before the first industrial revolution [2]. This is the level approach to the minimum 

allowed under the Paris Climate Agreement. 2019 is the hottest year on record since 1901 

in Hungary [3]. Analysis of measurements from the Water Scarcity Management 

Observationary Network operated by the National Directorate of Water Management of 

Hungary (OVF) shows, that the impacts of climate change are making droughts more 

frequent, more intense, and longer. Rising mean temperatures are associated with rising 

urban temperatures [4ï6], which increases energy demands in summer. The spread of 

various invasive pests [7ï8], the significant increase in forest water use [9], and the general 

increase in water demand are also foreseeable. 

According to the National Directorate of Water Management of Hungary (OVF), 

extreme weather events are becoming more common in Hungary as a result of climate 

change, and an increase in the frequency of high-intensity precipitation events should be 

expected soon, potentially increasing the magnitude of local water damages [10]. As a 

result, changing climatic effects have a direct impact on agriculture, causing greater 

damages primarily due to droughts and directly affecting agricultural sustainability as well 

as food security [11ï12]. Water management is 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 use decisions in the dry season and water retention in 

the rainy season. Understanding the state of the water regime is becoming increasingly 

important. In the presence of both inland excess water and drought conditions, an integrated 

approach is required to evaluate the complex interrelationships of hydrological processes 

and changes in water balance from various perspectives, thereby providing effective 

solutions to the complex modelling challenges. The Tisza River Basin Management Plan 

provides an excellent introduction to the subject [14]. 

The geographical information system (GIS) can now be used thanks to recent advances 

in information technology. In addition, various mathematical and physical-based 

hydrological modelling software has made related research possible [16]. Among the 

various models, the MIKE SHE model stands out as a tool for implementing integrated 

water resource management. The model is capable of simulating the interaction of surface 

water and groundwater [17]. [18] published a model based on MIKE SHE where they 

simulated the excess water accumulation processes, and water regime, and generated excess 

water maps for the Dong-ér 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 between hydrological 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 catchment-level 

water balance for any temporal and spatial scale. Areal fluxes, storage fluctuations, 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 between different hydrological parameters [17]. The overall water balance 

fluctuation estimate for the entire model catchment area is computed. Furthermore, each 

hydrologic component's water balance changes. The value of these characteristics is crucial 

because it serves as the basis for evaluating the water balance in the Dong-ér catchment. 

Temperature and rain are the two principal factors that impact a catchment's water balance, 
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either directly or indirectly. These are the two primary forces at work 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 effect on model findings, and it is required to examine the sensitivity of 

the model on the input dataset and enables to discover which inputs have the largest 

influence on the model results [20]. Setting up sensitivity analysis is required to increase 

accuracy and optimize the calibration process [21]. Sensitivity analysis is an effective 

method for identifying influential model parameters and thereby making the model 

structure more robust [22]. Furthermore, the sensitivity analysis is capable for parameter 

estimations and explains the model's responses to changes in the input dataset. The one-at-

a-time method, in which sensitivity measures are derived by adjusting each parameter 

separately while leaving all other parameters intact, is the easiest approach to conceive 

among the several approaches of sensitivity analysis that have been utilized in the literature. 

The method's shortcoming is that it can only do local sensitivity analysis at a single location 

in the parameter distribution rather than the complete distribution [20]. However, using the 

MIKE SHE model's flexible simulation framework on both the geographical and temporal 

scales, this disadvantage may be overcome, providing us with a more integrated and 

complete perspective. 

The aim of the current study is to simulate different climatic conditions and to evaluate 

the influence of input parameters on hydrological parameters and water balance 

components using sensitivity analysis. However, in order, to be able to carry out these 

integration analyses, the hydrological models usually require various representative and 

reliable hydrological and meteorological datasets [23]. In the current framework, this is 

particularly complicated, given the limited data availability in the Dong-ér catchment at the 

chosen modelling scale. However, the variable parameters and the water calculation module 

were developed and used by the authors to simulate and assess with an integrated approach, 

which climate change manifestation has a more significant impact on the results of the 

hydrological parameters and water balance components. This can be achieved by applying 

the one-at-a-time method. To achieve the goals, it is required to 1) verify the suitability to 

determine the advantages and disadvantages of the MIKE SHE environment in the case of 

the area under study; 2) to simulate the hydrological system and the complete water regime 

under different combinations of input variables; 3) to compare the simulation results and 

determine the most affected factors thus mostly sensitive to the permutations of the input 

dataset. These results may make it possible to predict and assess the impacts of the ongoing 

climate change on water balance components and different hydrological parameters. 

2. Materials and methods  

2.1. Study area  

The 2127 km2 Dong-ér inland excess water protection management system is located 

in the central-southern part of the DanubeïTisza Interfluve Sand Ridge, about 50 km from 

the Serbian border (Figure 1). The western part of the watershed belongs to the eastern part 

of the Bugaci Sand Ridge, where the slightly undulating plain and the series of ridges 

stretching in the northwest-southeast direction, the wind furrows, is an area covered with 

wet bogs and peat. The average relative relief is 3.5 m/km2. In the sediment near the surface 

of the area, shifting sand shows dominance; its thickness can vary from a few meters to 50-

60 m. Most of its waters flow into the Dong-ér Brook. Incidentally, the initial stages of the 

Dong-ér stream belong to this landscape [24]. The western, higher area consists mainly of 

highly permeable sandy sediments. The eastern part is mainly covered by river sediments 

with minimal gradient and lower hydraulic conductivity. 
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Figure 1. The Dong-ér stream watershed. 

In the initial section of the Dong-ér stream, the surface water transport is minimal, the 

occasionally drying-up river bed is revealed only through wetland vegetation. 

Consequently, the areaôs water resources cannot be exploited; therefore, groundwater 

mostly plays the only source for irrigation purposes [25]. 50 years ago, the water table of 

the Bugaci sand ridge was available at a depth of 2-4 m, but later, significant discharge was 

observed [24]. The southern part of the Dong-ér catchment, more specifically the area on 

the right side of the Dong-ér stream, belongs to the Dorozsma-Majsai-Sand Ridge. Most of 

the Dong-ér catchment belongs to the Kiskunság Loess Ridge, which is an alluvial cone 

plain covered with loess and sand. The value of the relative relief here is 5 m/km2. In the 

northwest-southeast direction between Kiskunfélegyháza and Kecskemét, a 1.5 m thick 

loess covers the sand dunes [24]. In the catchment area, the almost parallel canal system 

collects and transports the excess water to the Dong-ér stream, and then flows on into the 

Tisza. Only when an extreme Tisza flood wave forms does the gravitational flow end. The 

Dong-ér streamôs flow rate during the normal period is around 2-3 m3/s; however, in years, 

when inland excess water is formulated in spring, the runoff can exceed 20-30 m3/s, and in 

extreme drought summer periods, the stream is often dries up completely [26]. The speed of 

the prevailing north-west wind is about 2-3 m/s, thus the surface forms are predominantly 

shaped by aeolian effects and the areaôs topography has fundamentally shaped the water 

networks. The Dong-ér streamôs dominant flow direction is SW-NE, while the tributaries 

are flowing perpendicularly, following the characteristic natural deflationary depressions. 

In years, when the rainfall exceeds the average, the water table usually rises above the 

surface in deflationary depressions, forming temporarily flooded regions [27]. 

The climate projections released by the United Nationôs Intergovernmental Panel on 

Climate Change (IPCC) forecasts, that the average temperature increase of our planet may 

exceed 1.5oC in 2052 [28]. Two regional climate models and two climate scenarios from 




























