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Introduction
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Intro

• Plus grand lac d’eau douce français (58 km! )
• Peu profond (max. 10m)
• Vulnérable au changement climatique et 

activités agricoles en amont. 
• Enjeux touristiques et écosystémiques
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Contexte 
hydro(géo)logique

• Bathymétrie assymétrique
• Substratum sableux   
• L’exutoire est un seuil à 

hauteur ajustable qui se 
déverse vers le canal 
Lacanau/Arcachon.
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Ecoulements souterrains 
régionaux
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Bathymétrie
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Bathymétrie
(données et méthodes)
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Bathymétrie 
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Bathymétrie 
(validation)
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Bathymétrie 
(validation)
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Bathymétrie 
(validation)
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Bathymétrie interpolée (Echo-sondeur + LiDAR) 
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Bathymétrie
(produits dérivés)
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Développement du modèle 
hydrologique 
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Modélisation hydrologique
Concepts 
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- Pas de ruissellement (couvert sableux 

perméable, faible pente)
- Pas de transpiration (évaporation seule)
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Simulation du niveau de nappe - !"  avec une 
fonction de transfert  
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Modélisation hydrologique
Débit rivière
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streamßow simulation has not been clearly
demonstrated yet (see e.g.Loague and Freeze, 1985;
Michaud and Sorooshian, 1994; Refsgaard and
Knudsen, 1996; Loumagne et al., 1999; Zhang et al.,
2003cited byBoyle et al., 2001)

2.2. Model description

Here we give a summary description of the GR4J
model, as proposed byPerrin (2000). The bases of
the discrete equations presented below can be found
in the previous references dealing with the former
versions of the model. To avoid confusion in the
sequence and nature of model operations, the
corresponding FORTRAN code is available on the
CemagrefWeb site.1 Fig. 1 shows a diagram of the
model.

In the following, for calculations at a given time
step, we noteP the rainfall depth andE the potential
evapotranspiration (PE) estimate that are inputs to the
model.P is an estimate of the areal catchment rainfall
that can be computed by any interpolation method
from available raingauges.E can be a long-term
average value, which means that the same PE series is
repeated every year.

All water quantities (input, output, internal
variables) are expressed in mm, by dividing water
volumes by catchment area, when necessary. All the
operations described below are relative to a given
time step and correspond to a discrete model
formulation (obtained after integration of the
continuous formulation over the time step).

Determination of net rainfall and PE. The Þrst
operation is the subtraction ofE from P to determine
either a net rainfallPn or a net evapotranspiration
capacityEn: In GR4J, this operation is computed as
if there were an interception storage of zero capacity.
Pn and En are computed with the following
equations:

If P $ E; thenPn ! P 2 E andEn ! 0 "1#

otherwisePn ! 0 and En ! E 2 P "2#

Production (SMA) store. In case Pn is not
zero, a partPs of Pn Þlls the production store. It
is determined as a function of the levelS in

the store by:

Ps !
x1 1 2 S

x1

! " 2
# $

tanh Pn
x1

! "

1 $ S
x1

tanh Pn
x1

! " "3#

where x1 (mm) is the maximum capacity of the
SMA store. Eqs. (3) and (4) below result from the
integration over the time step of the differential
equations that have a parabolic form with terms
in "S=x1#2; as detailed byEdijatno and Michel
(1989).

In the other case, whenEn is not zero, an actual
evaporation rate is determined as a function of the
level in the production store to calculate the quantity
Es of water that will evaporate from the store. It is
obtained by:

Es !
S 2 2 S

x1

! "
tanh En

x1

! "

1 $ 1 2 S
x1

! "
tanh En

x1

! " "4#

Fig. 1. Diagram of the GR4J rainfall-runoff model.

1 http://www.antony.cemagref.fr/webqhan/projets%20themes/
Hydrologie/Code%20fortran.htm.

C. Perrin et al. / Journal of Hydrology 279 (2003) 275Ð289 277Simulé avec un modèle à réservoir (GR4J)
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Modélisation hydrologique
Débit rivière
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Calibration
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Calibration
paramétrisation 
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Calage d’historique

AJUSTEMENT DES PARAMETRES

Niveaux du lac simulŽs et observŽs AVANT calibration Niveaux du lac simulŽs et observŽs APRES calibration
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Calage d’historique (analyse)

Niveau écluse
14.25 m

M(N%)'()%:+48$(:%+
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Bilan hydrique annuel
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Simulations prospectives
2006-2100
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Projections

Simulation du niveau du lac 2006-2100
Données DRIAS horizon 2100

CERFACS-CNRM-CM5_CNRM-ALADIN63_rcp8.5_METEO-FRANCE_ADAMONT
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Projections

BILAN
Données DRIAS horizon 2100

CERFACS-CNRM-CM5_CNRM-ALADIN63_rcp8.5_METEO-FRANCE_ADAMONT
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