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1. INTRODUCTION 
 
Increase of mean global temperature due to ongoing climate change is affecting 
hydrological resources (e.g., Herrera-Pantoja and Hiscock, 2006). In order to test 
the hypothesis of global warming affecting the aquifer recharge in karst regions, a 
soil model has been developed. The aim of this research is to quantify the rates of 
groundwater recharge in karst aquifers in Croatia, and their evolution in a future 
scenario under the context of temperature rise.  
 

2. METHODS 
 
To corroborate the impact of temperature rise on karst 
aquifers, a simple model was developed and 
implemented for two periods; before (1974-1984) and 
after (2007-2017) the onset of global warming. The 
model was applied to data from several meteorological 
stations in Croatia (Figure 1). To validate the model, the 
results were compared to the measured discharge from 
karst springs located close to each meteorological 
station. Data for spring discharges were obtained from 
Croatian Meteorological Service (DHMZ, 2019).  
The proposed model has the following structure:  
-  The input data to run the model are monthly values of 
temperature (T) and precipitation (P). 
- Potential evapotranspiration (PET) was calculated 
from Thornthwaite equation (Thornthwaite, 1948).  
- Actual evapotranspiration (AET) was derived from 
PET, considering the estimated values of initial soil 
water content (SWC) and field capacity (FC). Values for 
SWC and FC were set to 150 and 250 mm. 
- Recharge occurs when the difference between 
precipitation and actual evapotranspiration (P-AET) 
exceeds the FC (Figure 2).  
Future global warming scenarios were modeled with 
the data for the period from 2007 to 2017, by adding 1 
°C to the temperature series, maintaining the same 
amount of precipitation. 
 

3. RESULTS AND DISSCUSION 
 
Figure 3 shows the general increasing temperature trend, with 
an average of 1.3 °C, from the period 1974-1984 to 2007-2017. 
The clear change in temperature between both periods is not so 
evident for other variables such as P and AET. The variability 
among  P and AET data is higher. AET depends on both P and T. 
So, the thermal increase with reduction of precipitation, as 
recorded during past decades, results in a partial counteraction 
of the net response of these variables on AET. Therefore, no 
systematic trend in AET is distinguished between the studied 
periods. 
Recharge and discharge mostly respond to precipitation input 
within the year (Figure 4), but the discrepancies between 
recharge and discharge are obvious among the different 
locations (Figure 5 and 6). The modeled recharge explains 
more than 70% of the discharge variability measured in 
springs (Figure 8), validating the model and confirming the 
impact of global warming on karst groundwaters. However, 
the magnitude of the model response is not equivalent to the 
one measured, suggesting that the model does not account for 
all controls affecting springs discharge.  
A future scenario was considered by using the data from the 
period 2007 to 2017, but increasing the temperature for 1 °C.  
The model shows that the average percentage of recharge 
under this scenario is reduced between 2 to 8%, whereas the 
discharge is also reduced between 18 and 22%, in comparison 
to the 2007 to 2017 period. 
 

4. CONCLUSIONS  
 
A simple water-balance model reproduces the effects of global warming on karst 
aquifers, here represented by the karst spring discharge. Because of the lack of 
clear trends of P and AET data, the temperature increase is the main control 
affecting the amount of water in karst aquifers. However, exceptions to the general 
pattern described above exist under local climate conditions. 
The model provides a significant correlation between modeled recharge and 
measured discharge (R2=0.73; p-value<0.07) and anticipates the average decrease 
in recharge of 3.5 % and discharge of 19.06% with temperature increase by 1ºC in 
comparison to the past decade.   
This research highlights not only the possible negative effects of global warming on 
the karst groundwater resources but also the role of the soil hydrology in the water 
balance of karst regions. 
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Figure 1. Map of Croatia with locations of meteorological 
stations and karst springs  
 

Figure 2. Sketch of the soil water-balance 
 

Figure 3. Time series plot of annual values of precipitation, temperature and actual 
evapotranspiration (AET)  for the periods 1974-1984 and 2007-2017 
 

Figure 4. Time series plot of annual values of precipitation, recharge and discharge for the 
periods 1974-1984 and 2007-2017 
 Figure 5. Comparison of average amount of discharge between 

the studied periods 

 

Figure 6. Comparison of average amount of recharge between 
the studied periods 
 

Figure 7. Comparison of percetange of precipitation becoming recharge 
between the studied periods 
 

Figure 8. Correlation between the differential percentage of modeled 
recharge (∆R) and measured discharge (∆Q) from the period 1974-1984 
and 2007-2017 
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