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Simple water balance models are important tools for water management 
due to their low input data requirements and fewer parameters but they 
often fail to capture anthropogenic impacts such as agricultural water 
consumption. To distinguish water fluxes and consumption sources under 
different watershed management decisions, there is a need to split 
evapotranspiration (ET) into green (rainfall) and blue (incremental) ET.
Problem statement: No simplified water balance model currently 
incorporates spatially distributed irrigation water consumption, 
distinguishes blue and green water use and directly uses remote sensing ET 
data.
Objective: To develop and test a simple distributed water balance model 
using remote sensing-based evapotranspiration and precipitation data to 
simulate key hydrological processes affecting water availability and 
consumption and monthly impact of irrigation water use in river basins.

PixSWAB Model: PixSWAB is a three-parameter distributed vertical water 
balance model describing the hydrological process of a river basin based on 
calculating the water balance for each pixel (grid cell) and as such all its 
input and output are in the form of a grid of mesh. Each pixel is described 
by its unique parameters, inputs and outputs

Data: A summary of spatially distributed datasets required for PixSWAB

Model calibration and evaluation: Limited discharge data at the outlet (Sep 
2009–Aug 2017) was available for calibration and validation. The model was 
calibrated for Sep 2011–Aug 2016 (60 months) and validated using the 
remaining 36 months. Calibration was performed automatically using the 
DEAP evolutionary algorithm in Python, with Kling-Gupta Efficiency (KGE) as 
the performance metric.

Despite the short monthly time series data available, the model was able to 
simulate the monthly runoff with Kling-Gupta Efficiency (KGE) of 0.80 and 0.79 
for calibration and validation respectively. 

The Water consumption through evapotranspiration was estimated to be 
70.41% of the total precipitation for the simulation period. The blue and 
green components account to 44.4% and 55.4% of the total water 
consumption respectively.

Strength:
• Valuable for data-scarce regions, relying on remote sensing and 

open-access inputs.
• Parameters are related to catchment characteristics (land cover, 

soil, slope).

Limitations:
• No routing included, affecting hydrograph timing in large 

catchments.
• Calibration can be time-consuming due to model's distributed 

nature.
• Only vertical processes are considered; no lateral flow between 

pixels.

Future development:
• Validate blue ET estimates by comparing them with irrigation abstraction 

data.
• Validate the model performance in river basins from different climate.
• Add routing
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Figure 1 Conceptual flow chart of PixSWAB 
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Figure 2 Land Cover Categories for ULB 

Variables Product Spatial resolution Temporal resolution
Precipitation CHIRPS v2.0 0.05 degree Daily
Evapotranspiration WaPOR v2.0 100m Monthly
Land cover map WaPOR v2.0 100m Yearly
Saturated soil moisture 
content, soil filed capacity

HiHydroSoils v2.0 250m Static

DEM SRTM 90m Static
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Figure 3 Results of Calibration and validation

3. Results

Figure 4 Blue and green evapotranspiration
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1. Introduction Case study area: Upper Litani Basin (ULB)
• The upper Litani River Basin with an area of 1,545 km² is a key water 

source in Lebanon, supporting agriculture, domestic use, and 
hydropower for about 800,000 people.

• Mainly flat topography in Bekaa valley at 850 m elevation and a sub-
humid climate with 700 mm/year rainfall.

• Agriculture is the dominant land use across the valley.
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