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Why?
▪ About 25% of the world's population relies on water stored in karst aquifers

▪ Karst formations are unique in realm of hydrology

▪ High infiltration rate and complex recharge characteristics

▪ Random and undefined pattern on surface and riverbeds

▪ Hydrological modeling can be challenging 

What is a karst formation?
Karst is a type of landscape where the dissolving of the 
bedrock has created sinkholes, sinking streams, 
caves, springs, and other characteristic features.
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Aims

▪ Modifying SWAT to have a better estimations for water budget

▪ Water Accounting assessments in karstic regions

▪ Interaction of surface and groundwater resources

▪ Improving groundwater module in SWAT

▪ Testing different approaches in model developments
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Past works (SWAT and modified SWAT)
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Past works (SWAT and modified SWAT)
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Modifications



SWAT modifications for Karst

SWAT-ML 

▪ This method is based on Baffaut and 
Benson (2009)

▪ A new parameter (X) was calibrated

▪ This parameter is non-dimensional and 
should be calibrated for karstic areas 
(HRUs)

▪ Return flow and delay time of infiltration 
were considred insignificant in karstic
regions

SWAT-CF

▪ This method is based on crack flow 
module in SWAT

▪ Crack Flow (bypass flow) is used for 
vertisol soils

▪ Sol_CRK was calibrated in karstic areas 
(HRUs)

▪ There is no delay time and recharge 
directly goes to aquifer
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SWAT-ML (Maharlu Lake)
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For non-karstic areas (standard SWAT)

For karstic areas

X can be calibrated for each HRU varies between (0, +∞)

This approach is similar to the approach described by Baffaut and Benson (2009).
Here, we have used the distributed approach.



SWAT-CF (Crack Flow)
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For karstic areas ICRK was activated

Based on modifications, the sinks can be 
formed in wet conditions and always are 
active.

Sol_CRK was calibrated for karstic regions!

SWAT-Karst-MODFLOW!



Past works (SWAT and modified SWAT)
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More modifications
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Aquifer presentation
Defining aquifer boundaries within subbasins and connecting HRUs which are in one aquifer  



Study area
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Maharlu lake basin and Karkeh river basin

42,267 sq-km

4,270 sq-km



Calibration
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Multi-objective calibration:

Runoff
ET
Crop yields
Base flow
Amount of recharge
Groundwater table



Results

15All related parameters were calibrated (and crop.dat parameters)
(available in published papers)

Almost no changes in river discharge calibration at Maharlu Lake basin



Results
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Significant changes in other water budget components



Source
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Results
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SWAT-MODFLOW-CF



Results
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SWAT-MODFLOW-CF



Results
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Amount of recharge 



Results
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Groundwater Level



Source
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Water Accounting Assessments
Large scale basin (17 aquifers)
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Source
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Summary
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• SWAT have been used in karstic basins with different accuracies

• SWAT can be modified with different approaches in karstic regions

• In semi-dry regions, the difference between modified SWAT and SWAT can be seen in 
infiltration and ET amounts

• In different regions, according to the karst features, SWAT can be altered differently (e.g. 
riverbed)
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Thanks for your attention!
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