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Introduction 

In Hungary, on a long-term basis, about 90% of the precipitation evaporates 

and only 10% goes to streams, soil and groundwater storage. The long-term 

water balance of a given area can be analyzed by quantifying the 

evapotranspiration and the runoff. 

Due to climate change, increasing average temperature and decreasing 

summer precipitation are projected for Hungary. This will probably lead to 

the increase of evapotranspiration and decrease of runoff. As a result, less 

water will be available for supplying agriculture (irrigation). In the case of 

surface water resources, a significant decrease is expected, which would 

then lead to extremely negative impacts on the water supply of Lake Balaton 

(the largest shallow lake in Central Europe). Furthermore, a part of the 

groundwater storages may also be endangered. 

Gathering information on the local or regional impacts of climate change on 

the hydrological processes is becoming more important. Modelling and 

evaluating the expected changes in water resources over different time 

scales can provide several sectors (e.g. water management agriculture, 

forestry) with useful information for making long-term plans or developing 

adaptation strategies. 
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Objectives 

Previously, data only from point measurements were available for the 

comparison of water balance of different land cover types. The conventional 

evapotranspiration estimating techniques (eddy covariance, Bowen-ratio, 

lysimeter methods, catchment water balance equation, etc.) do not provide 

information about the spatial variability within a region of interest. The only 

possibility of estimating evapotranspiration over areas with mixed 

landscape units is remote sensing, which allows to obtain information about 

spatial and temporal variability. 

One objective of the research is to devise a technique which can be used for 

water balance analysis of different land cover types, by using remote 

sensing-based CREMAP evapotranspiration maps of 1 km2 spatial resolution. 

Forest management practice in Hungary cannot effectively use 1 km2 spatial 

resolutions. Thus, another objective is the development of a vegetation 

index-based evapotranspiration statistical downscaling method. 

The third objective is to create a GIS-based, long-term climate-runoff model, 

as well as model calibration and validation for selected study areas. When 

applying the model with regional climate model data (temperature, 

precipitation), spatially distributed hydrological projections could be 

performed. 



5 
 

Theses of the dissertation 

1. I devised a technique for water balance analysis of different land cover 

types in a spatially distributed way [1, 2]. 

The CORINE Land Cover 2006 vector database was used for detailed analysis 

of the spatially distributed (1 km2 resolution) evapotranspiration and runoff 

maps. I separated five land cover types for the analysis: “Artificial surfaces”, 

“Agricultural areas”, “Forest and semi natural areas”, “Wetlands”, “Water 

bodies”. The hydrological maps have a 1 km2 resolution while the land cover 

map has a higher resolution, so a number of evapotranspiration and runoff 

pixels would be calculated into more than one land cover types, causing 

errors in the analysis. Thus, only pixels with at least 90% (0.9 km2) covered 

by the same land cover type (“homogeneous pixels”) were taken into 

account. 

2. I developed a process for downscaling spatially distributed evapotrans-

piration maps using remote sensing-based vegetation indices [3, 4]. 

To increase the resolution of the CREMAP ET from 1 km2 to 250*250 m, 

the MODIS normalized difference vegetation index (NDVI) was selected for 

determining the regression. (The method can also be used with other 

vegetation indices, e.g. leaf area index, enhanced vegetation index.) 

I employed and presented the downscaling process during a drier and 

warmer period (May-Oct. 2003) and a wetter and colder period (May-Oct. 
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2005). Using the downscaled data (250*250 m resolution) I compared the 

evapotranspiration of different forest stand types. Only the pixels consisting 

of one forest stand type in the total area (250*250 m = 6.25 ha) were 

included in the analysis (“homogeneous pixels”). 

3. I created a GIS-based climate-runoff model which can be used to 

perform long-term hydrological projections [5, 6]. 

I also examined the climate sensitivity of the model, and validated it, 

using measured data [7, 8]. 

The model is a further development of the Nováky-type climate-runoff 

calculation method. It employs two parameter maps, aggregating all of the 

factors affecting the water balance, the most dominant being land cover. 

For the preparation of the parameter maps evapotranspiration, 

temperature and precipitation maps are required in the same spatial 

resolution. For areas without surplus water a Budyko-type parameter (𝛼) 

was calculated. For the surplus-water-affected areas, a new parameter (the 

ratio of actual evapotranspiration to pan-evaporation) was introduced (𝛽). 

The parameter maps can be used for evaluating long-term 

evapotranspiration and runoff in a spatially distributed manner, for which 

only temperature and precipitation are required. 

I also examined the climate sensitivity of the 𝛼 parameter and validated the 

model for the Zala watershed (four sub-basins), using historical 

temperature, precipitation and streamflow measurements. According to the 

results the 𝛼 parameter is not sensitive to climatic factors. The 𝛽 parameter 
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was calculated only for a few pixels, so the sensitivity of this parameter could 

not be examined on a sub-basin level. During validation the 

evapotranspiration values were calculated from the simplified water 

balance equation (with the measured data) and also were estimated by the 

model (with the 𝛼 and 𝛽 parameter maps). Then, I determined the 

difference (bias) between the calculated and the modelled values. For the 

total examined area the average of the differences was only 1.2%. 

4. Using the validated long-term climate-runoff model I performed 

hydrological projections for the 21st century. I analyzed the projections 

for Hungary, for land cover types and for selected study areas [9, 10]. 

For estimating future evapotranspiration and runoff, besides the prepared 

Budyko-type 𝛼 and 𝛽 parameter maps, temperature and precipitation data 

were required. These were obtained from 12 regional climate model (RCM) 

simulations employing the SRES A1B emission scenario. I made estimates for 

three future time periods (2011‒2040, 2041‒2070, 2071‒2100) 

and determined the expected changes relative to a reference period  

(1981–2010). 

I used the projections to compare the water balance of different land cover 

types in Hungary. I also analyzed the expected changes for selected study 

areas: Zala watershed, Bácsbokodi-Kígyós watershed, Inner-Somogy, 

Sandridge of the Danube-Tisza Interfluve and Nyírség. 
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The developed methods (water balance analysis of different land cover 

types, evapotranspiration downscaling) and the climate-runoff model 

obviously have uncertainties and limits (e.g. the model ignores the land 

cover change in the future and it is not able to make seasonal projections). 

Despite this, the methods provide a good basis for spatially distributed 

hydrological examinations. In the future, more reliable remote sensing-

based data with higher spatial resolution may be available, which could help 

in further improvement of the methods resulted in more accurate analyses 

and projections. 
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