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MOTIVATION & GOALS 

 Changing climate  changing water balance (recharge-

runoff-evapotranspiration)  Changing water table 

 Environmental consequences (gw storage, droughts, 

floods, contaminants, ecology, forestry, agriculture, etc.) 

 Goals:  

• To develop and demonstrate a methodology for the 

evaluation of climate change impact on shallow 

groundwater conditions 

• To calculate groundwater table changes at the country 

scale  

• To delineate vulnerability zones at the country scale 

 

CMIP3 and CMIP5 global climate predictions (Knutti and Sedlacek, 2012) 
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METHODOLOGY 

Modular quantitative methodology: 

1. Delineation of climate zones 

(Thorntwaite methodology) 

2. Delineation of recharge zones 

(Hydrological Response Units, 

HRU’s – surface geology, landuse, 

slope) 

3. Recharge calculation for recharge 

zones (HELP) 

4. Numerical simulation of 

groundwater table (MODFLOW) 



APPLIED DATABASES 

 ALADIN regional climate model on a 10 km grid (delineation of future 

climate zones and recharge calculation) 

 Surface geology (Delineation of recharge zones and parameter 

zones) 

 Shallow borelog data (definition of soil profiles) 

 Landuse (CORINE) (Definition of recharge zones) 

 DEM 50 (Definition of recharge zones and BC’s) 

 Hydrograph data (model calibration) 

 Spring elevation (model calibration) 

 River stages (BC’s, model calibration) 

 

• CARPATCLIM climate data grids (interpolated from 258 climate 

and 727 rainfall time series on 10x10 km grid) (delineation of 

climate zones and recharge calculation) 

 

Rainfall and temperature differences between 1961-65 / 2005-2009, CC data 
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DELINEATION OF CLIMATE ZONES 
 Thorntwaite (1948) biophysical method 

 Suitable for regional scale characterisation  

 Monitors the soil water budget using PET 

 Uses humidity index and an aridity index to determine moisture regime 
based upon average t, rainfall, and vegetation type 

 Climate zones calculated for 4 time intervals based on temporally 
averaged CARPATCLIM (1961-1990, 1981-2010) and ALADIN (2021-
2050-2071-2100) data. 

 Climate data averaged for each climate zone 



CLIMATE ZONATION 

CC61-90 CC81-10 

AL 21-50 AL 71-00 



DELINEATION OF RECHARGE ZONES 
 Surface geology (5 categories: fractured, limestone, dolomite, fine 

porous, coarse porous) 

 Landuse (6 categories: Urban areas, Arable land, Pastures, 
Permanent crops, Forests, Water bodies) 

 Slope (2 categories: 0-5%, >5%) 



RECHARGE MODELLING 
 Numerical hydrological models 

 Applied software: HELP (Hydrologic Evaluation of Landfill 
Performance) (Schroeder et al. 1994 - USEPA)  

 1D numerical transient water balance approach 

 Input data: Daily temperature, rainfall, global radiation, biannual 
relative humidity, annual wind speed)  averaged for each 
climate zone 

 Soil profiles: Geology, landuse, slope  for each recharge zone 

 Automation with scripts 

 



DEFINITION OF SOIL PROFILES 

 Selection of representative recharge zones 

 Analysis of shallow borelogs  development of type profiles 

 Grain size distributions  Soil classification  Assignment of 

representative hydraulic parameters 

 Landuse and slope  Represented by Runoff curve number 

 Measured well hydrographs  Adjustment of parameters 

through comparison with simulated percolation time series 



DEFINITION OF SOIL PROFILES 

Parameter 

Profile 

Unit 

Fine 

porous 

(Silty 

Loam) 

Coarse 

porous 

(Loam

y 

Sand) 

Karst 

(Sand) 

Fracture

d (Fine 

Sand) 

Total porosity 0.463 0.43 0.437 0.38 vol/vol 

Field capacity 0.232 0.2 0.052 0.2 vol/vol 

Wilting point 0.116 0.0825 0.024 0.033 vol/vol 

Sat.hydr.conductivity 5 1 501.12 8 cm/day 

Subsurface inflow 0 0 0 0 cm/day 

Evapotranspiration 

zone depth 115 125 125 125 cm 

Curve Number 

Soil category Fine 

porosity 

Coarse 

porosity 

Karstic Frachtured 

Land-use 

category 

Curve Number 

2 Cultivated 94 94 91 94 

3 Pasture 93 93 91 93 

4 Orchard 92 92 91 92 

5 Forest 91 91 91 91 

Number 

of 

samples

Lower 

boundary 

layer (m)

Upper 

boundary 

layer (m)

Kisalföld

_1 

Hgeo_4

Kisalföld

_1 

Hgeo_5

Kisalföld

_1 

Hgeo_6

Kisalföld

_2 

Hgeo_4

Kisalföld

_2 

Hgeo_5

Kisalföld

_2 

Hgeo_6

Kalocsa 

Hgeo_4

Kalocsa 

Hgeo_5

Kalocsa 

Hgeo_6

Orosháza 

Hgeo_4

Orosháza 

Hgeo_5

Orosháza 

Hgeo_6

1 0.2 0

2 0.4 0.2

3 0.6 0.4

4 1.1 0.9

5 1.6 1.4

6 2.1 1.9

7 3.1 2.9

8 4.1 3.9

9 5.1 4.9

10 6.1 5.9

11 7.1 6.9

12 8.1 7.9

13 9.1 8.9

14 10.1 9.9

Layers Typical geological profile by spots in the test area



CALCULATED AVERAGE RECHARGE 1961-1965 



RECHARGE DIFFERENCE BETWEEN 1961-1965 / 2005-2009 



GROUNDWATWER MODELLING 
 2D steady-state models 

 Applied software VISUAL MODFLOW 4.6 

 2 model domains (E & W of Hungary) 

 250 m grid size 

 Applied BC’s: Recharge, Rivers (RIV), 
Deep valleys (DRAIN) 

 Calibration period: 1961-1965 average 
conditions (undisturbed) 

 Calibration data: Well hydrographs, Spring 
levels, River stages 

 Parameter zones: Hydrostratigraphic units 

 Simulated scenarios:  

 CARPATCLIM: 1961-1965, 2005-2009 
(measured climate data) 

 ALADIN: 1961-1990, 2021-2050, 2071-2100 
(simulated climate data) 

 

BC’s 

Calibration points 



CALIBRATED TRANSMISSIVITY 

DISTRIBUTION 



CALCULATED WATER TABLE 1961-65 



GROUNDWATER TABLE CHANGE BETWEEN 1961-1965 / 2005-2009 BASED 

ON MEASURED CARPATCLIM CLIMATE DATA 



SIMULATED GROUNDWATER TABLE CHANGE BETWEEN 1961-

1990 / 2071-2100 BASED ON ALADIN CLIMATE MODEL DATA 



SIMULATED CLIMATE VULNERABILITY OF 

SHALLOW GROUNDWATER 

Based on measured climate data Based on simulated climate data 



CONCLUSIONS 

 A modular methodology has been developped for the calculation 
of shallow groundwater table at various climate conditions  

 The methodology is suitable for the assessment of climate 
vulnerability 

 Recharge and water table distributions have been calculated for 
five periods in past and future 

 Based on model simulations 

 Recharge has dropped by up to 50 mm’s in elevated (recharge) 
areas since the 60’s 

 Further drops prediced by 2100 

 Water table has dropped by several m’s in elevated areas since the 
60’s 

 Further drops predicted both in elevated and lowland areas 

 Results are valid at regional scale 

 Methodology applicable at any scale (local scale requires higher 
resolution) 
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