




The Role of Plant-Growth Modelling on the 
Evapotranspiration Estimation in SWAT-T for Characteristic 

Land Cover Types of Western Africa

Fabian Merk1, Timo Schaffhauser1, Faizan Anwar1, 
Jean-Martial Cohard2, Ye Tuo1, Markus Disse1

1Technical University of Munich, Germany
2University Grenobles d‘Alpes, France

SWAT User Conference, Strasbourg

July 2024





5

Evapotranspiration (ET) is essential water 
balance process in the tropics: ET/P ≈ 70 - 80% 

P

Rodell et al. (2015)Global annual-mean fluxes (10³ km³/yr) Rodell et al. (2015)Global annual-mean fluxes (10³ km³/yr)

P=ET+Q+S
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Evapotranspiration (ET) is essential water 
balance process in the tropics: ET/P ≈ 70 - 80% 

P

ET is dynamic in space and time:
Monitored ET from e.g., eddy flux towers
Representative: flux footprints 

ET ET ET

ET ET ET

ET is correlates with plant growth (LAI)
 Estimated with LAI in models

ET ET
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Research objective:
i) What is the role of LAI on AET in SWAT-T?
ii) Can we predict AET only with LAI?
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Methodology – 4 key steps

Motivation |  | Results | Conclusion    fabian.merk@tum.deMethodology
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Δ Δ

Δ

SWAT-T
on the footprint 
scale
SWAT-T by Alemayehu et al., 2017

Global SA
with the Morris 
method (LAI)
27 LAI-AET parameters of SWAT-T

Benchmark
to evaluate role 
of LAI on AET
Benchmark from Seibert et al., 2018

Optimization
with SCE-UA 
algorithm
Spotpy toolbox, Hauska et al., 2015

Duan  et al. (1994)
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Study sites: EC systems in the Bétérou catchment

Distinct wet/dry 
seasonality

Sub-humid climate

SWAT-T
on the footprint 
scale
SWAT-T by Alemayehu et al., 2017

Benchmark
to evaluate role 
of LAI on AET
Benchmark from Seibert et al., 2018
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Micro-scale SWAT-T model setup:

©Souleyman Sy Example from Mamadou et al. (2014)

Reliability = footprint
Chu et al. (2021): AET 
is representative for 
radii <250 m

1 land use
1 soil type
1 HRU
Forest and grassland

Micro SWAT-T

SWAT-T
on the footprint 
scale
SWAT-T by Alemayehu et al., 2017

Benchmark
to evaluate role 
of LAI on AET
Benchmark from Seibert et al., 2018



12

Methodology – 4 key steps

Motivation |  | Results | Conclusion    fabian.merk@tum.deMethodology

Micro-scale SWAT-T model setup:

©Souleyman Sy Example from Mamadou et al. (2014)

Reliability = footprint
Chu et al. (2021): AET 
is representative for 
radii <250 m

1 land use
1 soil type
1 HRU
Forest and grassland

Micro SWAT-T

SWAT-T | Satellite-LAI | SWAT2012

SWAT-T by Alemayehu et al., 2017:
 Improved modelling of LAI in the tropics

Key Modelling Features
12 LAI and 15 ET parameters selected
3 PET methods, 2 land cover types
Observed AET and LAI data
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Methodology – 4 key steps
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Upper Benchmark:
Optimization of AET with 
observed AET and LAI

Lower Benchmark:
Random sampling, median 
run (N=1000)

Framework 1:
Optimization of AET with 
observed LAI only

Framework 2:
Optimization of AET with 
satellite-LAI (LAI-GLASS)

SWAT-T
on the footprint 
scale
SWAT-T by Alemayehu et al., 2017

Benchmark
to evaluate role 
of LAI on AET
Benchmark from Seibert et al., 2018
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Methodology – 4 key steps
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Upper Benchmark:
Optimization of AET with 
observed AET and LAI

Lower Benchmark:
Random sampling, median 
run (N=1000)

Framework 1:
Optimization of AET with 
observed LAI only

Framework 2:
Optimization of AET with 
satellite-LAI (LAI-GLASS)

Understand the LAI-AET interaction
and if we disregard AET, can we still 
predict AET based on LAI?
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Global Sensitivity Analysis – Morris Method with observed LAI

Modelling importance (T_BASE, PHU, DLAI)
Ranking independent of PET and land cover
Not only LAI, but soil parameters are important, too

Example:
Variations of LAI for T_BASE

Motivation |  | Results | Conclusion    fabian.merk@tum.deMethodology
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Optimization and Benchmarking

SWAT-T can predict LAI/AET accurately on the footprint ( PET-PM)

LAI optimization (no AET!) yields acceptable AET predictions

Lower benchmark can outperform AET for LAI optimization

LAI modelling in forest is more significant than in grassland

KGE for AET performance

Motivation |  | Results | Conclusion    fabian.merk@tum.deMethodology
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Conclusion
The present work evaluates the LAI-AET interaction 
for characteristic Sub-Saharan land covers.

Different data sets are used for evaluation
 Observed AET & LAI, remotely-sensed LAI

Parameter ranking with the elementary effects method

SWAT-T accurate for LAI and AET
Independent of PET  PET-PM performs best

Benchmark test spotlights the significance of LAI for forest
Grassland: good AET results, less importance of LAI

Data-scarcity: GLASS-LAI yields adequate AET
Also applicable for other vegetation and scales

ET ET ET

ET ET ET
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