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Data source: IFPRI&FAO

12%

10%

35%

9%

32% 38%

3%
Rainfed
Irrigated



Multicriteria land suitability analysis

Suitability domain for irrigation
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Xie et al. (2021)

Groundwater irrigation development potential in Ethiopia



SWAT-MODFLOW coupling approach



Develop large-scale SWAT-MODFLOW model in Sub-Saharan 
Africa: Main challenges

• Scarcity of input data/parameters
− Aquifer properties

−Well observations

• High computational costs & solutions
− SWAT+ gwflow

− Surrogate model



Study area: Upper Blue Nile Basin in Ethiopia

175,977 km2



Input data for SWAT-MODFLOW setup and model configuration
Category Source

Elevation HydroSHEDS (https://www.hydrosheds.org/)
Land use MODIS (https://modis.gsfc.nasa.gov/data/dataprod/mod12.php)

Soil HWSD (https://www.fao.org/soils-portal/data-hub/soil-maps-and-
databases/harmonized-world-soil-database-v12/en/)

Weather SWAT weather generator

Aquifer properties British Geological Survey 
(https://www2.bgs.ac.uk/africagroundwateratlas/index.html)

SWAT
− 486 subbasins with dominant land use and soil

MODFLOW
− 3 arc minute land grid
− one aquifer layer

Simulation scheme
− 20 years in total

− 10-year data for surrogate model 
training and 10-year data for model 
validation



Surrogate model construction

Predictors
– Recharge
– Groundwater 

table elevation 
on previous 
three days and 
in neighborhood 
pixels

–  Unmet ET
– River stage

Target pixel

Neighborhood pixels

Source: Venkata Jagannath



Results

Groundwater table elevation (June, year 20)
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Future work

• Testing cases with more complex model configuration
− Additional layer for confined aquifer

− Activate function for modeling irrigation water pumping 

− Increased spatial resolution of MODFLOW grid or local 
grid refinement

• Model calibration, validation and uncertainty analysis
• SWAT+ gwflow



Thank you!
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