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Background and Challenges

o Inadequate resource management 

oEnvironmental degradation, sea pollution

oTransboundary effects

oAgricultural water demands and fertilizer use

oWater stresses

oHigh vulnerability towards climate change

oFlood/droughts risks



Objectives

- Build an Agro-hydrologic model of  the Black Sea Basin 

and Europe at high resolution simulating nitrate 

pollution

- Calibrate/validate with uncertainty analysis the Agro-

hydrologic model

- Assess the impacts of climate change and landuse 

change on water resources



Why agro-hydrologic model?
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Steps in building a SWAT Project

1- Build databases                   

2- Build the project in ArcSWAT, QSWAT      

3- Calibrate, validate, with sensitivity and uncertainty analyses 

4- Analyze outputs



Build databases

On the one hand, there is never enought data to build and 

calibrate a model, 

On the other hand, there are more and more new databases 

becoming available from different sources



Build Databases

DEM: Source, Resolution

Soil: European, FAO, Local, etc.

Landuse: GlobCover ESA, Global Landuse USGS, MODIS land 

cover, GlobCorine ESA, Local, etc.

Climate: European Climate Assessment Dataset (ECAD), 

Climate Research Unit (CRU), Climate Data Guide (NCAR), 

Measured data, etc.

River: Ecrin, others



Climate data

Spatial distribution of the 25year (1983–2007) average precipitation (mm; above) 

and temperature (°C; below) across study area from the observed MS data and the 

four gridded climate datasets.



Example Alberta



Climate data comparison
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Example Karkheh, Iran







Conclusion:

This is not a good news!



Water Quality  



Point Source

Zessner et al, (2005) 

- NO3 is the nitrate loading to river (g day-1)

-, is a correction factor 

- POPi is the population of subbasin i, 

-Teff is the wastewater treatment efficiency 

-S is percentage of the population connected to any kind of sewage 

treatment.



Structural problems 













Project size 

Black Sea Project: 640,000 files

Area: 2M Km2

Subbasins: 12,982 

HRUs: 89,202 

Approximate time for a 30-year simulation run 27 hours

European Project: 

Area: 10 M Km2

Subbasins: 8,952 

HRUs: 60,021



Parallel Processing

E. Rouholahnejad,  K.C. Abbaspour, M. Vejdani, R. Srinivasan, R. Schulin, A. Lehmann: A parallelization 
framework for calibration of hydrological models , Environmental Modelling and Software, 2011. 

D. Gorgan, V. Bacu, D. Mihon, D. Rodila, K. Abbaspour, and E. Rouholahnejad, Grid based calibration of SWAT 
hydrological model, Natura l Hazards and Earth System Science , 2012.

1 iteration of 200 simulation 

(4 blocks of 50 worker node)

→ 2 weeks

Instead of 7.5 months!



Calibration/Validation



Discharge Calibration Results 



Discharge Calibration Results 



Discharge Calibration Results 



Discharge Calibration Results 





Analysis of Outputs 



Analysis of Outputs 



Analysis of Outputs 



Blue Water 



Blue Water 



Analysis of Outputs 
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Comparison



Green Water Storage 



Green Water storage 



Deep Aquifer Recharge 



GW Discharge into Reach 



Per Capita Blue Water 



Nitrate Contribution to Reach 



Nitrate Contribution to GW



Comparison



Landuse change, 2001 to 2008 (Metronomica)
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Water component change at watershed level
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Future climate scenarios (precipitation)

Historic Temporal variation
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Future climate scenarios (temperature)

Historic
Temporal variation
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Green water storage and green water

flow, deviation from historic, 
10 scenarios average

51



Root Zone

Shallow Aquifer

Unsaturated Zone

Confining Layer

Precipitation

Evaporation and 

Transpiration

Surface runoff
Lateral Flow

Return 

FlowRevap from shallow 

aquifer

Percolation to shallow 

aquifer

Recharge to deep aquifer
Flow out of watershed

infiltration

Lateral Flow

Conceptual model of Hydrology in SWAT

Intercept

1. SWAT, Land Phase

BLUE 

WATER
GREEN 

WATER 

FLOW

Green water 

storage
52



Build databases (issue 1)

- To build a project:

DEM, Soil, Landuse, River, Climate, Ag. Management

-To calibrate a project:

River discharge, Water quality variables, Crop yield, etc.



Setting up a hydrological model of Alberta:

Data discrimination analyses prior to calibration

Faramarzi, et al., Environmental Modeling and Assessment

Assessing the uncertainties of different input datasets and 

climate change scenarios

Bahareh Kamali, et al., Hydrological Processes
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