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The Scheldt River Basin
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Source: Interreg North Sea Region IMMERSE

• Catchment area: 21,863 km²

• River length: 360 km 

• Transboundary: Belgium (61%), 
France (31%), The Netherlands 
(8%)

• Highly urbanized

• Scheldt Estuarium: influence of 
the tides up to Ghent



The Scheldt basin (under pressure…)
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Source: vrt news (21 February 2024), journalist: Denny Baert  

Source: Belga/Kurt DesplenterBaert  Source: Belga news agency (6 May 2025)Baert  



Nature -based Solutions in action
But still limited…
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Source: Sigmaplan (Flanders Government)

Sigmaplan: wetlands and flood control areas Goal: 1,500 ha wetland 
restoration by 2027

Still to restore: 1,380 ha 

Potential area to restore
in Flanders: 147,000 ha

Source: Natuurpunt  (2023)



High potential for wetlands in Flanders
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147,000 ha of potential

+/ - 250,000 ha of highly suitable
areas identified

Source: Yimer & De Trift, 2024 (Journal of Water Research)

Scan to read more:



Objective(s)
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Main goal:  

Assess how well SWAT+ can represent wetlands as Nature-based Solutions (NbS) in the Scheldt Basin.

Specific objectives:

• Review the current state -of-the-art in modelling NbS for water quality, with a focus on SWAT

• Test SWAT+ (standalone and coupled with the GWflow module) to simulate wetland impacts on flow

• Evaluate changes in river flow and water balance with and without wetlands  

• (Prepare for integration of water quality components (e.g., nitrate removal))



State -of -the -art in modelling NbS for water quality
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51 out of 125 reviewed case study applications use SWAT



State -of -the -art in 
modelling NbS for 

water quality
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• Uncertain impact of 
wetlands on nitrogen: 
studies show positive, 
negative, or mixed results

• SWAT and other models 
often simplify key 
wetland processes (e.g., 
denitrification)



Model setup for a subbasin of the Scheldt River Basin
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Source: Interreg North Sea Region IMMERSE

Demer Basin
2,334 km²

Source: Sigmaplan (Flanders Government)

Wetlands (Sigmaplan)
28.51 km²

But much more potential!



Model setup for a subbasin of the Scheldt River Basin
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SRTM (30m) ESA (10m) FAO Soil Map of the World 

Core input data layers



Model setup for a subbasin of the Scheldt River Basin
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Model customization and configuration

1) Floodplain map integration

Flemish region
(Available data)

Walloon region
(no data) 
DEM inversion
de lineation
method

2) Modified  routing  unit connection file  
(rout_unit.con)

 Default routing  caused  excessive  
subsurface  flow in upland  areas 

 Manually ad justed  flow distribution 
percentages to d irect more  wate r 
through floodplain areas

 Reduction of the  surface  runoff 
component to a more  realistic value



Model setup for a subbasin of the Scheldt River Basin
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Model customization and configuration

3) Implementation of wetlands through wetland module

• Manual implementation of wetlands at all HRUs 
identified as “highly suitable” ( wetland.wet ) 

• Wetland parameters  dp_ps, dp_es, k, evap
(hydrology.wet)

• Control of re lease  of we tland  through decision tab le  
(res_re l.d tl)

• Linkage  be tween channe ls and  floodplains (chan-surf.lin)



Model results of the Demer subbasin (SWAT+)
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Simulation period: 2005 -2015
Warming-up period: 5 years

7703 HRUs 
303 cha
581 rtu
78 aqu 

Unrepresentation of the baseflow & limited changes in baseflow when changing groundwater -
related parameters  Coupling with groundwater model needed! 



Model results of the Demer subbasin ( SWAT+gwflow )
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Coupling with the groundwater module (Bailey et al., 2020)

Wetland-groundwate r exchange  (gwflow) 

 New channe l subroutine  to simulate  overbank flow from rivers to floodplains (SWAT+) 

River flow drops to nearly ze ro when 
subroutine  is activated

Wetland–groundwate r exchange  is 
functioning  well, but the  routing  
be tween floodplain-channe l is not 
when gwflow is activated

Still under investigation…



Model results of the Demer subbasin ( SWAT+gwflow )
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Simulation with wetland -groundwater exchange
Simulation period: 2005 -2015
Warming-up period: 5 years

Sum of squared
residuals
7149.8



Model results of the Demer subbasin ( SWAT+gwflow )
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Calibration (monthly) with wetland -groundwater exchange using PEST
Simulation period: 2005 -2015
Warming-up period: 5 years

Sum of squared
residuals

860.4



Model results of the Demer subbasin ( SWAT+gwflow )
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Parameter values and sensitivities from PEST

• Percolation coefficient = 0.97

• Specific yield of the aquifer is mostly 0.2-0.3

• Hydraulic conductivity of wetland bottom sediments
= 0.068 m/d

• Evaporation from wetlands = 0.74

• Depth of principal spillway > depth of emergency
spillway

• Hydraulic conductivity of soil ranges between 0.04 to
79 m/d

• Overland manning coefficient is generally not
sensitive except of “ convtill_res”

• Surface runoff lag time = 0.224 d



Work in progress & future directions
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Key highlights:
• Wetlands play a key role in addressing water quantity and quality challenges  
• However, current implementation ambition is low (there is high potential!).
• Existing models show mixed results on their effectiveness — more research is needed on how to 

represent wetlands more accurately in hydrological models to support upscaling and policy 
adoption.

Work in progress and future directions:
• Further calibration using global optimization tools (OSTRICH)
• Resolving issues with SWAT+gwflow simulation, including interactions between groundwater, 

channels and wetlands

• Integration of water quality processes and quantification of nitrate removal by wetlands



Thank You
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Email:
Lien.de.trift@vub.be

Estifanos.addisu.yimer@vub.be

mailto:Lien.de.trift@vub.be
mailto:Lien.de.trift@vub.be
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