
Effects of climate change on 
groundwater processes in the Upper

Rhine river valley
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� Groundwater resource : 45 billions m3

� Strong connection to the hydrographic
network

� Important pumping pressure
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� Recharge processes : effective rainfall, river infiltration, lateral subsurface
flow

� Several regional models built in the past (MONIT, LIFE project) :

� Limited to the plain part of the hydrosystem
� No evaluation of the uncertainties
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� new regional modelling not limited to 
the plain

� Sensitivity tests of the model to different
parameters :

• Aquifer-river transfer coefficients
• Transmissivity
• …
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� Three different modeling approaches
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HPP-INV :
Monthly time step, 
limited to the plain, 

inversion of hydrodynamic
parameters

MODCOU :
Daily time step,

Spatial extension including
the mountainous areas 

SIM : Identical to MODCOU 
for the aquifer part,
Different approach
of the  water budget

Hydrodynamic
parameters

Infiltration rate

Direct 
evapotranspiration

from the water 
table

In progress…
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� 14000 km2

� Grid : square meshes 200 to 1600 m
� Alluvial aquifer : single layer
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Soil types

Land use

Transmissivity values
from HPP INV model 
(Majdalani et Ackerer
2010)
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SAFRAN analysis

Adaptation to the Rhine upper aquifer valley:
Finer resolution on the mountain

SAFRAN annual precipitation (1970-2007)
Quintana Segui et al., 2008,
Vidal et al., 2010
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River infiltration

Aquifer overflow
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� Piezometric data analysis by 
Longuevergne et al. (WRR, 2007) 
� stock variation computed from
data 

Simulations min and max

In present time, the aquifer stock is rather stable
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1 Green house gaz emission scenario: SRES A1B

7 Climate model runs from IPCC AR4

1 desagregation method: DSCLIM (Boe et al., 2006)

3 hydrogeological models

X parameters and initial conditions 

During the Vulnar project we will use:

So far:

1 Climate model runs from IPCC AR4: ARPEGE

1 hydrogeological modelling :SIM
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Weather type 
classification

Precipitation index 
(based on distance, 
weather type, 
multiple regression)

Temperature
index from
GCM

One day from the analysis

Forcing variables
Additionnal
� Ta
if necessary

Predictor: GCM MSLP and  TA 
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Boé et al., 2006

www.cerfacs.fr/~page/work/dsclim/
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Downscaled GCM 8kmGCM ~ 250 km

Precipitations (mm/day)

8�7� ��������#���� 8
2�#�����������#�	���
�

Boé et al., 2006

www.cerfacs.fr/~page/work/dsclim/
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We suppose unchanged:
• the pumping pressure (~500 106 m3/year)
• the riverflow in Basel
• the imposed piezometric level in the North

2 30-year periodes from the GCM: 
1960-1990 and 2060-2090

initial piezometric head
in 2060 as in 1960
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Preliminary results

MidC:2045-2065
EndC:2081-2099
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Increase of the PET for 
all the scenarios

Decrease of the precipitation
for most of the scenarios

ARPEGE: 
driest scenario
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Preliminary results

MidC:2045-2065
EndC:2081-2099
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Increase of the 
Temperature for 
all the scenarios

ARPEGE: 
average
scenario

Decrease of the snowfall
for all the scenarios
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Preliminary results

-13% on average on the period 2060-2090 vs 1960-1990
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Preliminary results

On average: +4%
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Caution:
no feedback of 
the water table 
on the root zone 
soil moisture…
work in progress
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Preliminary results

On average : -30%
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Total Runoff
Difference 2060/90-1960/90

(%)
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Preliminary results
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Shorter period

Increase of the max
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Preliminary results
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General decrease of
the discharge
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Preliminary results
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General increase of the high flows,
Except in some few locations

High flows: 10-year return period flood
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Preliminary results

General decrease of the low flows,
Less pronounced in the North
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Low flows: 5-year return period low monthly flow
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Decrease of the piezometric head,
Mainly in the South and along the sides



Climate change 1/methodologyModel & databasePresentation Climate change  2/ Preliminary results

Preliminary results

Inconsistency with the initial conditions
� Need to use a transient scenario  
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Present End of 21th
Present End of 21th

Present End of 21th

Present End of 21th
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Preliminary results 9�
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General decrease of the overflow
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Preliminary results 9�
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Increase of the river infiltration 
Especially for the Rhine river

Decrease of the river infiltration
Especially over 
the Ill and Bruche

Increase

Decrease
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Preliminary results

Budget :
•Recharge  decrease by -45%
•Aquifer does no longer sustain the riverflow
•Decrease of the volume stores in the aquifer
� there will be a need to adapt (reduce) the pumping to preserve the 
water resource
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But: 
• just one hydrogeological model
• just one climate scenario AND the dryest
���� Preliminary results

www.geosciences.mines-paristech.fr/equipes/systemes-hydrologiques-et-reservoirs/vulnar


