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SpongeWorks, an Horizon Europe Project (2024-2028)

A sponge landscape
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SpongeWorks, an Horizon Europe Project (2024-2028)

▪ Deploying Nature-Based Solutions for water 
retention & climate resilience

▪ Consortium of 28 European partners (coordination: 
Leibniz University Hannover & Deltares)

▪ 3 European demonstration catchments

A sponge landscape
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▪ Deploying Nature-Based Solutions for water 
retention & climate resilience

▪ Consortium of 28 European partners (coordination: 
Leibniz University Hannover & Deltares)

▪ 3 European demonstration catchments

A sponge landscape

Our contributions :
➢ Modeling and evaluating of sponge 

measures scenarios
➢ Co-organizing participatory workshops

SpongeWorks, an Horizon Europe Project (2024-2028)
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The Leze river

775 mm/y

2m3/s

360 km²

Caracteristics:
▪ Very steep with altitudes ranging from 150 to 500 m
▪ Artificial lake (4 Mm3) damming the first 13 km² of the watershed 

for irrigation and ensuring Leze salubrity
▪ 4 flow stations and 3 water quality stations on the main course
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The Leze river

775 mm/y

2m3/s

360 km²

Caracteristics:
▪ Very steep with altitudes ranging from 150 to 500 m
▪ Artificial lake (4 Mm3) damming the first 13 km² of the watershed 

for irrigation and ensuring Leze salubrity
▪ 4 flow stations and 3 water quality stations on the main course

Issues:
▪ Floods & mudslides
▪ Low summer flows sustained by the dam
▪ Actual and increasing water quality degradation
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Check dams : a versatile and promising solution ?
▪ A key barrier to large-scale deployment of Nature-Based Solutions (NBS) 
is the joint, catchment-scale quantification
of their co-benefits and trade-offs
for floods, droughts, soils, and water quality, 
while taking into account the different characteristics of the areas

Loose boulder check dam 
on a floodplain (UK)

Gabion check dam on 
hillslope (Mexico)
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Check dams : a versatile and promising solution ?
▪ A key barrier to large-scale deployment of Nature-Based Solutions (NBS) 
is the joint, catchment-scale quantification
of their co-benefits and trade-offs
for floods, droughts, soils, and water quality, 
while taking into account the different characteristics of the areas

Loose boulder check dam 
on a floodplain (UK)

Gabion check dam on 
hillslope (Mexico)

▪ Modeling a check dams scenario (often described 
as structures primarily designed to slow runoff, 
promote infiltration, and reduce turbidity)

Key question: To what extent are these reported 
benefits visible on the Lèze River?
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The baseline SWAT simulation

Specific Inputs Sources

Dam management Mondely dam releases of water modelled from observations (release+ dam 
volume)

Agricultural practices Local crop rotation analysis + discussions with Chambres d’Agriculture

Water withdrawals Discussions with Chambres d’Agriculture + local irrigation bulletin + 
numerization of prefectural decrees for irrigation (authorisation/prohibition)

Point source emission Monthly regional data source

The dam releases water 
upstream for irrigation

Water is pumped downstream
based on crops needs
Pumping stops under a 
discharge threshold to 
protect river salubrity

Discharge

TSS 
concentrations

Nitrates 
concentrations

S1 S2 S3▪The Lèze watershed is divided into 199 sub-basins (and almost 5000 HRUs)
▪Simulations are run on the 2013–2023 period  (daily resolution)

Model performances

Very Good

Good

Satisfactory

Not 
satisfactory

The proposed approach aims to use inputs with a similar level of precision
to take full advantage of SWAT integrated modelling

▪Calibration is performed on daily discharge, total suspended sediments, nitrates 
and total phosphorus concentrations at 3 different monitoring stations (S1-S2-S3)

Moriasi et al., 2015
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▪ Surface runoff accounts for 40 % of the total 
water flow; relevant to implement NBS

Hydrology of the watershed (1/2)

▪ Low water yield of 150 mm/year (compared
to the French average of 300 mm)

Baseflow Surface RunoffLateral

flow
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▪ Surface runoff accounts for 40 % of the total 
water flow; relevant to implement NBS

Hydrology of the watershed (1/2)

▪ Low water yield of 150 mm/year (compared
to the French average of 300 mm)

▪ Significant proportion of runoff during wet years
▪ Very large variations in water flow between dry and wet years

Analysis of indicators for dry and 
wet years separately

Baseflow Surface RunoffLateral

flow
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Hydrology of the watershed (2/2)

Surface runoff Lateral flow Baseflow

Water yield (mm/yr)



13

Hydrology of the watershed (2/2)

▪ Little or no aquifers on the right 
bank, only lateral flow due to 
more sandy soils and slopes

▪ Alluvial plain on the left bank

▪ Runoff and lateral flow due to 
steep slopes upstream and 
higher rainfall

Surface runoff Lateral flow Baseflow

Water yield (mm/yr)
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Erosion and nitrates concentrations in the watershed

SWAT 
Land Use
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Erosion and nitrates concentrations in the watershed

Mean annual

soil loss (t/ha/y)

➢ Erosion Issues 
in the Côteaux 
area SWAT 

Land Use
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Erosion and nitrates concentrations in the watershed

Mean annual

soil loss (t/ha/y)
➢ Nitrate issues 

over different 
areas

➢ Multiple pathways 
for nitrate transport 
in the Lèze

➢ Erosion Issues 
in the Côteaux 
area SWAT 

Land Use
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Three contrasting implementation areas…

Area 2  Latou 40 km²
Medium water yield | Pastures | Moderate erosion

Area 3  Coteaux 40 km²
Low water yield | Cropland | Intermittent streams

Area 1. Plantaurel  40 km²
High water yield | Forested | Permanent streams
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…to compare check dams efficiency

Objective: compare check dam 
performance across contrasted land-use, 

hydrological and soils contexts

▪ Is the measure effective (in terms of high 
flow rates, turbidity, and water quality)?

▪ Does effectiveness vary according to the 
sites?

▪ Does effectiveness differ between dry 
and wet years?

▪ Does the local beneficial effect extend
several kilometers downstream?

Area 2  Latou 40 km²
Medium water yield | Pastures | Moderate erosion

Area 3  Coteaux 40 km²
Low water yield | Cropland | Intermittent streams

Area 1. Plantaurel  40 km²
High water yield | Forested | Permanent streams
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Results on discharge

▪ Visible attenuation on a daily
scale for moderate floods
only

▪ Note: During particularly 
warm years (2023), dry spell is 
anticipated several days 
sooner

Scenario
Baseline

Discharge
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Results on suspended sediments concentration

▪ Significant diminution of 
suspended sediment
concentrations regardless 
of the time period

▪ Significant diminution of 
nitrates concentration 
peaks during floods

▪ Visible attenuation on a daily 
scale for moderate floods only

▪ Note: During particularly warm 
years (2023), stream drying is 
anticipated several days sooner

Concentration of suspended sediments

Scenario
Baseline

Discharge
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Annual
exported

sediments
(t/yr)

Longitudinal profiles of 
exported suspended sediments

Source Outlet

Source Outlet

Scenario

Baseline
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Annual
exported

sediments
(t/yr)

Longitudinal profiles of 
exported suspended sediments

Source Outlet

Source Outlet

Scenario

Baseline
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Annual
exported

sediments
(t/yr)

Longitudinal profiles of 
exported suspended sediments
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Baseline
annual sediment yield
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▪ Significant reduction in 
sediment yield (-60% to 
-80%) across all sectors

▪ Maximum benefit in wet
years

▪ Even on hillsides
(Côteaux), which are a 
major source of 
suspended solids
(reduction of 1 t/ha/year)

▪ Reduction continues all 
the way to the watershed
outlet

Annual
exported

sediments
(t/yr)

Longitudinal profiles of 
exported suspended sediments

Source Outlet
t/

h
a

/y
r

t/
h
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r

Source Outlet

Scenario

Baseline
annual sediment yield
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Longitudinal profiles of 
nitrate concentrations

Nb of days
above
water 

quality
threshold

Scenario

Baseline
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▪ Limited effect on the 
annual nitrate flux

▪ However, reduction in 
the number of days
exceeding ‘good-quality’ 
concentration 
thresholds (due to the 
smoothing of peaks)

▪ Particularly in dry years

▪ Reduction effect is
partially dampened along
the way leading to the 
outlet during dry years

water abstraction
WWTP impact 

Longitudinal profiles of 
nitrate concentrations

Nb of days
above
water 

quality
threshold

Scenario

Baseline

annual nitrate flux
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Conclusions

▪ This integrated model provides a basis for testing
Nature-Based Solution scenarios with multiple 
co-benefits, such as check dams

▪ The Lèze catchment was modelled using the most
comprehensive input data available to reproduce
both water quantity and water quality

CHECK DAMS EFFICIENCY

Local + downstream effect (limited propagation if too
much anthropic pressure on the main river course)
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Conclusions

▪ This integrated model provides a basis for testing
Nature-Based Solution scenarios with multiple 
co-benefits, such as check dams

WHERE ?
Depends on the local context

Positive effects in erosive areas and 
in areas with rapid nitrate transport 

(karst/lateral/surface runoff)

WHEN ?
Dry / wet years

Greater effectiveness 
during wet years

WHICH EFFECTS ?

Discharge: mixed results
Suspended sediments: strong effect

Nitrates: good from a WFD point of view

▪ The Lèze catchment was modelled using the most
comprehensive input data available to reproduce
both water quantity and water quality

CHECK DAMS EFFICIENCY

Local + downstream effect (limited propagation if too
much anthropic pressure on the main river course)
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Conclusions

▪ This integrated model provides a basis for testing
Nature-Based Solution scenarios with multiple 
co-benefits, such as check dams

➢ These results will facilitate discussions with 
stakeholders regarding the selection of 

measures and their location

➢ Other evaluation scenarios for appropriately 
positioned NBS: coming soon

WHERE ?
Depends on the local context

Positive effects in erosive areas and 
in areas with rapid nitrate transport 

(karst/lateral/surface runoff)

WHEN ?
Dry / wet years

Greater effectiveness 
during wet years

WHICH EFFECTS ?

Discharge: mixed results
Suspended sediments: strong effect

Nitrates: good from a WFD point of view

CHECK DAMS EFFICIENCY

Local + downstream effect (limited propagation if too
much anthropic pressure on the main river course)

▪ The Lèze catchment was modelled using the most
comprehensive input data available to reproduce
both water quantity and water quality



Thank you for your attention
Contact: 

adrien.delaval@adict-solutions.eu
Research Engineer
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Annexes
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Model inputs
Inputs Sources

Meteorology E-Obs copernicus

Land Use
Cross-referencing of 5 national data sources (Satellite + Land Parcel

Identification System (LPIS))

Soil

o Regional Soil Reference Framework (Layer depth, clay, silt and 
sand content, organic matter)

o Apparent density, water content and infiltration inferred using two 
different algorithms from the literature

Slopes Global national data source

Point sources Global national data source (waste water treatment plants)

Agricultural practices
Local crop rotation analysis + Discussions with Chambres d’Agriculture

(CA) + Information relating to agricultural technical routes

Water abstraction
Discussions with Chambres d’Agriculture + local irrigation bulletins + 

prefectural decrees for irrigation (authorisations /orders)

Mondely Dam 
management

Water releases from the Mondely dam modeled based on 
observations (water release + dam volume) - CA Ariège

Hillside reservoirs Global national data source
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Performances pour la modélisation des débits

Satisfaisant Bon Excellent

Labarthe-sur-LèzeLézat-sur-Lèze

Le Fossat

0 1Moriasi et al, 2015Fidélité du modèle (NSE)

• Débits journaliers restitués fidèlement en étiage et 
pour les premières crues hivernales

• Sous-estimation du modèle pour les crues printanières

Au global, débits journaliers reproduits 
avec un niveau bon à excellent

NSE : 0.76
pbias : -7.6 %
RMSE : 1.9 m3/s 
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Performances Nitrates

Satisfaisant Bon Excellent

Labarthe-sur-Lèze
Lézat-sur-Lèze

-1 1Fidélité du modèle (KGE)

Beaumont-sur-Lèze

• Pics de nitrates ruisselés en janvier

• Diminution des concentrations avec le 
tarissement des nappes et écoulements 
latéraux chargées en nitrates jusqu’à la fin 
de l’été

Chronique de concentrations en nitrates modélisées et prédites
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