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Why modeling IWRM in Ethiopia? 

➢ Ethiopia is facing increasing pressure on land and water resources due to population growth, 
economic development, agricultural expansion, and grazing.

➢ Agriculture and livestock are the most important economic sectors. In recent decades, forest 
areas have decreased mainly due to the expansion of agricultural land and livestock grazing.

➢ Ethiopia has vast potential for water resources, but their distribution is uneven in space and time. 
Water resources management is particularly complex due to conflicts between upstream and 
downstream communities, annual or multiannual water stress, and water quality issues.

➢ Integrated Water Resources Management (IWRM) plays a crucial role in sustainable development. 
Although IWRM is conceptually well established in Ethiopia through policy and planning tools, the 
translation of modeling results into operational decision-making remains uneven.

➢ SWAT can support the transition from diagnostic hydrology to decision-oriented basin 
management.

Water resources under pressure



Objectives
This review aims to investigate the SWAT model’s potential for IWRM in semi-arid areas with limited data 
availability. 

The specific objectives of this study are to identify: 

(i) key outcomes of interest for IWRM from the SWAT model applications in the study area, 

(ii) challenges associated with SWAT model implementation in developing areas,

(iii) future directions that can help improve the implementation of the model as a key tool 

for IWRM in Ethiopia.



Study areas: Awash, Wabi Shebele and Danakil Basins

The Awash, Wabi Shebele and Danakil are important river basins in Ethiopia, where water scarcity and soil erosion are 
critical problems with significant economic and environmental implications.

Awash River Basin
AREA
114.123 km2

CLIMATE
humid to arid

Wabi Shebele Basin
AREA
280 km2

RAINFALL
425 mm/year

Danakil Basin
AREA
92.74 km2

CLIMATE
extremely arid



Methodology: selection criteria and data extraction
SYSTEMATIC IDENTIFICATION
Databases searched: SWAT Literature Database and Scopus. Keywords: “Awash”, “Wabi Shebele”, “Danakil” 
combined with “SWAT”.
ELIGIBILITY CRITERIA
ISI journals, English language, 2010 - 2024. Excluded grey literature, theses, and papers focused solely on 
calibration/validation
INFORMATION EXTRACTION
We collected and analyzed 60 articles, classifying them into “broad categories” and “primary categories” 
based on the topics covered. Key data points: study goals, basin coordinates, SWAT version, data sources.

60 
scientific
articles



Results: topic classification

broad categories distribution
Research is predominantly Hydrological only. Studies 
combining Hydrology and Pollutant have emerged 
consistently since 2018, while Pollutants only remain very 
limited.

geographic distribution
The Awash River Basin dominates the scientific 
literature, representing over 80% of all reviewed papers.

44
Awash

07
Wabi Shebele

02
Danakil

Nutrient dynamics are under-researched priorities. The 
focus on hydrology reflects better data accessibility 
compared to scarce water quality monitoring. 
Hydrological data are more available than water-
quality data.



Results: bibliometric and collaboration network

Bibliometric Network
The selected articles were published in 
37 scientific journals. 
Most of the papers were published in 
journals clustered in “Water Science 
Technology”, “Multidisciplinary”, and 
“Earth Surface Processes”.

Strategic partnership
International cooperation played a key 
role in SWAT applications in Ethiopia.
Principal partners: USA, India, China, 
Germany, Sweden, UK, South Korea.
Impact: stronger research networks, 
increased efficiency, and accelerated 
knowledge transfer.



Water balance and scarsity
- Agricultural withdrawals frequently exceed natural surface water availability in critical periods

Results

Water harvesting
- Potential to mitigate agricultural water stress through biophysical and socioeconomic parameter integration
Supply-demand imbalance
- Growing imbalance driven by urbanization, population growth, and infrastructure limitations
- Storage losses from sedimentation and inefficient distribution systems exacerbate scarcity

Hydrologic assessment

Flood impacts

Climate change is the dominant driver of floods, to which the increase of agricultural areas contributes.

Groundwater and/or soil impacts/processes
SWAT- MODFLOW coupling used to identify inter-basin transfers and local aquifer dynamic

Take-home message: SWAT is a tool for water availability/demand evaluation, irrigation and allocation decisions, for 
flood and drought risk assessment.



Erosion assessment
- Critical conditions were identified: areas with clayey soils, agricultural land use, and slopes >25%.
- High sediment yield

Results

Model integration:
SWAT + HEC-RAS: estimates soil erosion at basin scale and transports sediment loads to dams

Sediment loss and transport

Nutrient cycling/loss and transport of pollutants

A few studies implemented SWAT for assessing NPS impacts, identifying critical source areas and nutrient transport
(Upper Awash) and scenario analysis

Non-Point Source (NPS) Pollution

Take-home message: SWAT is able to identify critical source areas, prioritize subbasins for conservation measures
(e.g., BMPs or NBSs), and scenarios analysis. In Ethiopia, no study explicitly incorporated point-source discharge
(municipal wastewater, industrial effluents), this is a critical knowledge gap.  
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Precipitation

Surface Runoff

extreme events

blue water (danakil)

Flood impact
Wabi Shebele basin
Projected peak flows increase (10- 20% by 2100 under RCP 4.5/8.5 scenarios), driven by extreme events in lowland areas.
Blue water
Danakil basin
Projected blue water decrease of up to 50% (2045-2075) under SSP2-4.5, while green water (ET) is expected to increase.

Results
Climate change

Seasonal variability in PCP projections 
is pronounced: reductions during the 
wet seasons (March–May and June–
September) and increases in the dry 
seasons (October–January) 

+1°C to +5°C
Maximum daily temperature will 
increase in all future scenarios.

Take-home message: The SWAT model application highlighted the vulnerability of arid and semi-arid African basins and 
the urgent need for adaptation strategies in rainfed agricultural systems.



Results
Land use change
Land use changes are a dominant driver of hydrological processes alterations, particularly in the Awash Basin.

Urban expansion
Cropland increase
Forest/grossland loss

Hydrological responseLandscape pressure Risks
Reduced forest cover leads to higher surface
runoff and increased riverbank erosion.
Loss of baseflow compromises water
availability during dry periods.
Massive increases in surface aquifer
nitrification compared to natural areas.

reduction of infiltration and 
baseflow
increase in surface runoff and 
peak flows

Model integration:
SWAT coupled with MODFLOW + Reactive transport 3D for subsurface dynamics

Take-home message: The SWAT model applications highlighted that urbanization and agricultural expansion
significantly modify water balance components and water quality in the Awash River basin.



Results
Climate change and Land use change

Climate
forcing

Land use 
management

Combined
response

Decision value
What are the dominant drivers?
What should be the priority objectives of policies?

SWAT scenarios

Baseline climate + baseline Land Use Land Cover (LULC)
Future climate only
Future LULC only
Combined future scenarios

Take-home message: Identifying drivers enables targeted adaptation.



Results
BMP cropping system and/or forest system 
assessment Irrigation impacts or irrigation BMP 

scenarios
The available surface area is sufficient to meet the 
entire irrigation requirement, but only a small 
percentage is actually usable due to constraints 
(technical, social, economic constraints).

Economic feasibility

Take-home messages: engineering feasibility alone is not sufficient; implementing integrated water resources 
management requires the integration of socioeconomic criteria.

Economic criteria must be integrated into 
decision-making processes. However, despite the 
importance of financial sustainability in water 
resources planning, economic assessments 
remain marginal in the study areas.
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Results
Data gaps limiting SWAT-based IWRM

Limited data availability is the main problem for the regular use of SWAT for IWRM

Input data Data source Resolution
DEM United States Geological Survey 30 m × 30 m

Land use 
land cover

European Space Agency; Ethiopian Mapping 
Agency; Abbay Basin Authority

30 m × 30 m

Soil map, 
hydraulic 
properties

FAO; SoilGrids; Africa Soil Information System 
project

250 m × 250 m

Weather data Ethiopian National Meteorological Agency Daily

Streamflow data Ministry of Water, Irrigation and Electricity 
(MoWE)

Daily; Monthly

Sediment data MoWE Monthly

Point sources No data

Modelling implications

Reliance on global datasets
CHIRPS, CFSR and satellite 
products fill gaps

Weak monitoring and data 
sharing
Information is not always
publicity accessible

Missing observations increase model uncertainty and weakens the connection between simulations and operational
basin decisions.



Results
Challenges in SWAT modelling in IWRM

Model complexity and uncertainty
Extensive parametrization requires significant human resource and time.
Calibration is site-specific, limiting regionalization of results.
Using global data (e.g., satellite weather data or global climate models) instead of locally measured 
data has several implications for model accuracy and uncertainty.
Uncertainty analysis is frequently neglected in reviewed literature

Water quality monitoring
In Ethiopia, water quality monitoring is insufficient. 
The main sources of water pollution—agriculture (fertilizers and pesticides) and point sources (urban and 
industrial wastewater)—are insufficiently monitored.
The papers analyzed, do not contain information on water quality, point sources, or agricultural management 
practices. 
Organized monitoring networks exist in the study area, but they are poorly developed, and the information is 
not always shared with the public.



Results
Key outcomes for IWRM

1
Water scarcity and water demand/water availability imbalance
This imbalance is expected to increase in the future due to urbanization, population growth, irrigation demand, 
and inefficient distribution systems.

2
Soil erosion and watershed degradation
Erosion rates significantly exceed the tolerable level of soil loss in agricultural catchments, leading to reservoirs 
siltation. Implementation of BMPs is needed.

3
Climate sensitivity and the policy gap
Temperature is projected to increase across all future scenarios, making arid and semi-arid basins, such as 
Danakil and Wabi Shebele, particularly vulnerable. Since future precipitation and hydrological responses remain 
uncertain, planning should be flexible and based on different climate scenarios.



Future directions
Future applications of the SWAT model in IWRM are expected to expand in Ethiopia, and in other developing countries. 
Future developments of the model and open-source integrations will improve SWAT's role as a comprehensive tool for 
assessing the impacts of climate and anthropogenic change on the environment and for evaluating management options 
for sustainable development.

Network optimization
Use the results of basin-scale modelling to 

encourage policy makers and regional authorities 
to invest in surface and groundwater monitoring.

DATA STRATEGY

Point sources integration
Explicitly, it will integrate data on urban and 
industrial discharges into future models to support 
monitoring in accordance with SDG target 6.3.2.
POLLUTION CONTROL

NBS and scenario analysis
Studies evaluating NBSs should integrate 
environmental issues with other aspects 
(population growth, climate change, economic 
analysis and ecosystem services).
ADAPTIVE MANAGEMENT

(1)

(2)

(3)

Advanced SWAT + Machine Learning (ML)
coupling hydrological models and and ML to 
improve peak flow and drought forecasting.
TECHNOLOGICAL ADVANCEMENT

(4)



Conclusions

The numerous case studies and the diversity of the field applications in Ethiopia indicated 
the high potential of the SWAT model in IWRM.

SWAT model applications identified water scarcity, soil erosion, and water quality as 
the main problems caused by climate change, economic and population growth. 
These issues require urgent responses. 

In this context, the SWAT model implementation can support the Ethiopian Ministry of 
Water and Energy, the River Basin Authorities in updating the River Basin Management 
Plans,  in water allocation in drought-zone areas, and simulating water availability 
under different climate and demand scenarios for long term strategies. 



THANK YOU FOR YOUR 
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The study was developed within the Project “Contribution to the improvement of the Integrated Water Resource 
Management for the Webi Shebele, Awash and Danakil Hydrographic Basins” 
(EU-IWRM - NDICI AFRICA/2023/446-909). 
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