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Abstract

The quaternary alluvial aquifer system in the Upper Rhine Valley, located in northeastern

France  and  southwestern  Germany,  across  the  French-German  border,  is  one  of

Europe's largest freshwater reserves. This aquifer  system, which  is essential  for  local

anthropic uses, also plays a vital role in supplying water to numerous ecosystems due to

the  phreatic nature  of  its  groundwater.  Additionally,  the  hydrographic  network  of  the

alluvial  plain  is very dense  and  characterised  by strong  groundwater –  surface  water

interactions, influenced by seasonal dynamics. 

The  Interreg  GRETA  project  (GRoundwater  EvoluTions  and  resilience  of  Associated

biodiversity  -  Upper  Rhine)  arises  from  the  increasing  climatic  and  anthropogenic

pressures on the environment, focusing on the southern part of the Upper Rhine Graben

aquifer. Its objectives are to provide key knowledge on the impact of climate change on

the  quantitative  dynamics  of  the  water  table  and  the  associated  consequences  for
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ecosystems by adopting an integrated approach to the system studied, at the heart of the

critical zone.

In  order to  study piezometric variations at different points in  the  Upper Rhine  aquifer,

around fifty lumped models have been developed using GARDENIA, a  modelling tool

developed  and  updated  by  BRGM  (French  Geological  Survey).  However,  given  the

specificities of the groundwater in the Upper Rhine Valley (shallowness, high hydraulic

conductivity of 10  to 10  m/s (Majdalani and Ackerer 2010), anthropic management of

the hydrographic network, water abstraction for irrigation, etc), it is essential to identify the

main driving forces behind groundwater dynamics locally and to include these drivers in

the modelling tools used to establish hydrogeological projections under a future climate. 

GARDENIA uses a series of reservoirs to  simulate the main mechanisms of the water

cycle of a catchment (rainfall, evapotranspiration, infiltration and run-off) (Thiéry 2014).

This model considers a global ‘input’ (an ‘incoming water level’ in the basin and potential

evapotranspiration) and a single ‘output’, which is, in this case, the piezometric level at a

point in the underlying water table.

Transfers from one reservoir to another are governed by simple laws that are specific to

each  reservoir  and  controlled  by  model  parameters  (soil  capacity,  transfer  times,

groundwater specific yield, etc.). These parameters cannot be deduced a priori from the

specific  physiographic  characteristics  of  the  catchment  and  are  calibrated  through

adjustment to observation time series. 

A baseline model considering only climatic inputs has been applied to all points. Then,

based on the Nash–Sutcliffe model efficiency coefficient and on visual inspection, several

different model configurations were tested on the points where the initial  model results

were unsatisfactory. These new models were constructed by adding new potential driving

forces as inputs such as a proxy for vegetal water demand or flowrates of the Rhine or

other rivers located near observation points.

Calibrated  models  show  good  results  in  reproducing  historic  groundwater  levels  and

allow  to  identify  the  main  local  driving  factors  of  the  groundwater  dynamics.  Further

analysis of the influence function weight associated with each additional  process over

rainfall and potential evapotranspiration allows to decipher first order contributions of the

added processes (summer withdrawals or river contributions).

In  the  GRETA  project,  convolutional  neural  network  models  were  also built  at  the

observation  points  database.  Initial  comparison  results  show  that  both methods  are

valuable for building local hydrogeological models that consider interactions with surface

water or land use.

These lumped models can then be fed with climatic or hydrological time series estimated

in the context of climate change, to be discussed in relation to the ecological monitoring

conducted  on  a  selection  of pilot sites and  upscaled  in  the  study area  to  assess the

impact of changes in piezometry on the associated ecosystems.
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