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A water-dependant territory facing water shortages and water conflicts

Agriculture: Highly agricultural land with
mainly intensive agriculture (70%):
irrigated cereals and cognac vines for
export abroad.

Environment: One tributary structurally
in high water shortage

Water _management: Despite upstream
reservoir dams (14Mm3 of capacity),
issues in maintaining low-water target
flow.

Population:  Drinking water under
(tourism, creeping coastline urbanization,
drinking water sources closing due to NPS
pollution)

Oyster production: depending on water
quality (pesticides) and availability (salt)

Climate change: marine inundation
(marshes and coastal flats) -> Possible
land salinization
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Land-sea complex issues and sustainable territorial development
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Overview of the H2020 COASTAL project

ASTAL

Collaborative Land-Sea
Integration Platform

=y

ttps://h2020-coastal.eu/

Objective: “Co-creating evidence-based business roadmaps and policy solutions for enhancing

coastal-rural collaboration and synergies”

MULTI-ACTOR LABS

1. Belgian Coastal Zone

2. South-West Messinia

3. Norrstrém/Baltic

4. Charente River Basin

5. Danube Mouth and River Basin
6. Mar Menor Coastal Lagoon

Map of countries participating in the COASTAL project. Coordinator: VITO.
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General workflow in the COASTAL project (https://h2020-coastal.eu).

General workflow in the COASTAL projet (Deliverable D7)



Holistic approach to complex problems in the Charente River basin:
general methodology with the SWAT model

Stakeholder engagement Scenarios -> Models Knowledge management

Multi-actor labs »System Dynamics (SD) > Multi-actor labs: feed-backs
Vensim. .

»Mind maps B ana » Collaborative Platform

»Scenarios »Roadmaps for territorial

» Ecohydrological model development

SWAT Soil & Water
Assessment Tool

This current
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Water quality (N,
| pesticides) & Plant growth

Hydrologic variables

Water SD sub model Agriculture SD sub model




Drivers of the land-sea system identified during the sectorial workshops

products I Population
- } S (tourists and
Agriculture .‘..__-—_lcIbour / demand residents)
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Wastewater
treatment
Infrastructure 4= Gk of flooding cleanwater
water quality
Shellfish
farming

_ Structure of the integrated system dynamics (SD) model for the Charente river basin and adjecent
coastaf zone.(DeIivemble D06 COASTAL Pl’OjGCt)

Water lays is at the center of the system




Site-specific methological adaptation: The SWAT contribution

The 10,000 km? study area involves complex hereogeneous biophysical and hydrological issues
( karst, resurgence, dam releases, etc.)

Precipitation and evapotranspiration are a source of system external uncertainties that affect
the SD model. It operates at a monthly time step -> Results in zero flow at low flow rates

While SWAT provides continuous daily time step, spatially explicit simulations of hydrologic
processes, SD provides a complementary approach to explore broader system behavior and policy

implications over time. Together, these tools can provide a more comprehensive understanding of
watershed dynamics and inform better decision making for sustainable water management.

SWAT model outputs are used for providing ranges of magnitude, for calibrating, validating,
verifying variables in the coarser non spatialized SD model, such as hydrological balance - in

particular the streamflows —, as well as evapotranspiration and climate variabilities (for the
baseline and climate change scenarios)



For further information on the SD model:

5.V, = seenario variable, Type: S = stock, C = constant, T = time-series, L = lookup.

https://h2020-coastal.eu/resources/773782-COASTAL-WP4-D14.pdf, pp. 112-113

Variable Type  Description S.V. Source

initial water in soil s The initial amount of water in soil is Calibrated®
estimated at 900 Mm?,

initial groundwater 5 The initial amount of water in aquifers is Calibrated®
gstimated at 1000 M (fyll capacityl

initial dam storage 5 The assumption is that dams are full when cf. dom copacity
the model starts in lanuary.

initial surface water 5 The initial amount of surface water is Calibrated*®
estimated at 600 Mm?®,

initial water streams 5 The initial amount of water in streams is Calibrated®
estimated at 400 Mm?.

initial water in 5 The initial amount of water marshes is Calibrated*

marshes astimated at 300 Mm?.

rainfall T Possible future rainfall patterns are SWAT simulation [cf.
retrievad from a climate model based on Box 1 in Sub model 1)
the IPPC scenarios while monitaring data X
are used in the past.

hasin area C The area of the basin is 10550 ha Etablissement Public

Territorial de Bassin
Charente, 2020b

overage soil depth C The soil is on average 1 m deep in the Bichot & Gennat, 2018
region.

valume of soil in the C It is calculated in the model as the product Endogenous

basin of the basin area and the average soil
depth.

sofl saturation limit C The maximum capacity of the soils is Bichot & Gennat, 2018
estimated to 0.24 m? of water per m* of *
soil.

infiltration coefficient L cf. Lookup in Figure 56 Calibrated*

aecerding to sofll

saturation

evaporated share af c 10% of the water spread for irrigation Ruelle et al., 2004

irrigation directly evaporates.

evapotranspiration T It is approximately 1.3 times higher than the SWAT simulation [cf.

by ather covers than evapotranspiration by the agricultural Box 1 in Sub model 1)

ogriculture covears,

groundwater C The aquifers can stock around 1000 Mm? of Calibrated*

capacity water.

seepage rate E cf. Lookup in Figure 56 Calibrated®

occording to soil

saturation

* Calibrated based on SWAT simulation |

infiltration coefficient according to soil
saturation
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The infiltration of rain water in the soil diminishes as
the soil becomes mare saturated.,
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dam release according to low water stream
Dudged
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In period of drought, the dams release water at a
rate that increases as the woter streoms flow
decreases.

seepage rate according to soil saturation
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The more overloaded are the WWTPs, the faster
water is treated, It can be O manth (water just goes
through) during extreme events.
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The incoming freshwater brings nutriments and
organic matter to the estuary, increasing the
concentration in trophic resources in the estuary,


https://h2020-coastal.eu/resources/773782-COASTAL-WP4-D14.pdf

The SWAT Model set-sup

Modeled SWAT Charente includes the whole Charente river basin,
except the estuary : the natural hydrological regime strongly disturbed
by the flatness and the marine inflows and canals.

Focus on the heavily agricultural hinterland, main source of freshwater
quality degradation due to diffuse pollution and regular freshwater
shortages for irrigation

Input data:

DEM 25m*25m (IGN)

Water daily discharge: BANQUE HYDRO. WQ: SIE AEAG
Weather data and RCPs: Météo-France, DRIAS

Soils: INRAE-Chambre d’Agriculture

Landuse: RPG (agricultural census), Corine Land Cover 2018, Chambre d’Agriculture

Delineation: 107 sub-basins, 3,659 HRUs

—— Cours d'eau
- Sous-bassin 53
Sous-bassin 66
Sous-bassin 95
[:l Bassin versant
Stations hydrométriques
A Autres stations
A ro1o0010
£\ R2240010
A\ R3090020
Altitude (m)
r 816
-0
® Résurgence

Sources : Agence de |'Eau Adour-Garonne
Banque Hydro
IGN

I L) 20 30 40
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Streamflow Calibration & Validation from upstream to downstream

Calibration: 1998-2008

using SUFI2 after SA

Sub- Average monthly flow Average monthly flow Percentage NSE R?
basin observed (m3.s?) simulated (m3.s?) difference (%)
53 4.10 3.8 7 0.60 0.61
67 2.05 1.87 8 0.64 0.66
7 5.89 4.82 18 0.60 0.62
66 28.74 28.23 1.8 0.83 0.83
95 43.16 43.15 0.008 0.72 0.73
96
73
91 6.27 5.71 8 0.68 0.70
11 5.11 5.21 1 0.71 0.73
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Validation: 2009-2018

Uk

Sub- Average monthly flow | Average monthly flow Percentage NSE R2
basin observed (m3.s?) simulated (m3.s?) difference (%)
53
67
101
7
55
88
66 29.31 25.30 13 0.79 0.8
95 51.64 51.08 1 0.76 0.77
96 3.59 3.85 7 0.70 0.7
73 75.98 63.56 16 0.68 0.78
91 7.43 5.90 20 0.76 0.79
11 6.30 4.76 24 0.78 0.83
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Satisfactory to overall good calibrations at the

according to Moriasi’s




Yearly averages [m

ET and PCP SWAT simulations

Evapotranspirations and precipitations near Cognac
from 2006 to 2020
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ETS a n d P C P Evapotranspirations and precipitations near Cognac

vearly averaged from 182828 TO 2020

. . Precipitations MeteoFrance_ET Simiulated PET Simulated AET
Slight tendency for evaporation to decrease as

precipitation increases.

(<-> Mostly oceanic climate, wind may increase ET.
In these area, the limestone soils tend to dry out
more quickly, especially as they are more exposed in
the rows of the vines).
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Very good correlation between SWAT simulated PET
and PET calculated by Météo-France at Cognac weather
station.

Yearly average [mm)

Simulated monthly actual evapotranspiration

(from 1888 to 2020 at the subbasins near the Cognac weather station}
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Streamflow distribution
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Spatial varaibilities in
streamflows trends

Overall, RCP 8.5
would generate more
rainfall, in intensity
and quantity.

-> Raises the issue to
keep the fresh
rainwater
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SWAT

N

VENSIM

percent of yearly ETo

0.10

Relative reference evapotranspiration per month

Results : Evapo-Transpiration

ET [mm]

Impacts of climate
change on the Charente
Yeirjager watershed in 2050

. 202C
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SWAT

N
VENSIM

percent of yearly rainfall

0.12

0.08

Precipitation

100

80 Y

60 \—

PCP [mm]

40

20

Relative rainfall per month
average in the past and through the RCP scenarios

Period

RCP
scenarios

= Past

percent of yearly rainfall

Baseline
2020-2040_RCP2.6

2020-2040_RCP4.5
2020-2040_RCP8.5
2040-2070_RCP2.6
2040-2070_RCP4.5
2040-2070_RCP8.5
2070-2100_RCP2.6
2070-2100_RCP4.5

2070-2100_RCP8.5

10 11 12

Evolution of relative rainfall per month in the smooth scenarios

More cumulative
precipitation and
intensity with
stronger gradient
through RCP2.6,
RCP4.5 & RCP8.5.
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Commission Nationale pour le Débat Public

Débat sur la mer. Fagade Sud Atlantique

Final results: Impacts of climate change on the Charente river watershed in 2050
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Water balance results (from RCPs and SD global assessment with stakeholders)
Total Water Consumption (Mm3/yr) Streamflows compared to current
trends (Mm3/yr)
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Discussion

Limits Benefits
1- Uncertainty due to RCP scenarios that vary greatly from 1- RCPs scenarios, despite their uncertainty, provide
one model to another (is using a multi-climate model the trends: depletion, decrease in availability of water
right decision?) resources.
2- ‘dubious flows in low and high water’ -> Need to 2- Awareness raising with stakeholders, promotion of
improve streamflow monitoring mention in observed data integrated management instead of sectoral management,
sets taking into account the land-sea continuum towards more

resilience and sustainabilit
3- Improve the SWAT modelling of the very low flows and y

the peaks 3- Strengthens synergies with hydrosystems
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Conclusion

Applied to a coastal river basin, combining established and open source models: SWAT (Soil and Water Assessment Tool)
and System Dynamics (SD) VENSIM.

The simulated runoff data closely match the observed values, showing good agreement during both calibration and
validation phases, with NSE values of 0.83 and 0.75 during calibration and validation, respectively, and R2 values of 0.85
and 0.78, respectively; the simulated potential evapotranspiration is also in agreement with the observed PET.

Overall, the contribution of SWAT to the calibration of the SD model facilitated the identification of management

strategies to mitigate water use conflicts and promote territorial development, and facilitated decision support for public
policy and water managers.

This methodology offers flexible solutions without the need for specific model development, thus supporting decision-
making processes and promising for application in different contexts.
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