
Response of the simulated climate to the sub-grid scale
variability of the water table depth: evidence of non-linear

amplifications in the IPSL climate model.

T. Verbeke, J.Ghattas, A. Ducharne, Sorbonne Universités, UPMC, CNRS, EPHE, UMR 7619
METIS, 4 place Jussieu, 75005 Paris, France,

F. Wang, Laboratoire de Météorologie Dynamique du CNRS, Tour 45-55, 3ème ét., Case Postale
99, 4, place Jussieu, 75252, Paris Cedex 05, France

Key words: Climate models, Shallow water table, Land-atmosphere coupling

Introduction

The spatial-temporal dynamic evolution of the water table depth reflects major changes in groundwater availability.
Recent changes in groundwater storage can be detected across almost the whole globe [1]. Many studies have shown
that the inclusion of groundwater processes in land surface models improves the simulated water budget over land
[e.g. 2, 3, 4, 5]. In addition, the fluctuations of groundwater levels have potential impacts on the climate due to their
influence on soil moisture profiles and evapotranspiration rates. A recent modeling study [6] highlighted several
physical mechanisms responsible of the impact of a shallow water table on near surface climate in the IPSL model.
This sensitivity experiment was originally designed to analyze the effects of a varying depth of the water table which
delimits the saturated and unsaturated zone described for each surface grid cell in the model. One of the main
conclusions of this study is that the simulated climate begins to be sensitive to a water table depth of 1m. In this
configuration, the climate model simulates a systematic global cooling effect and an increase of precipitations mainly
over continents in the non-arid regions of the tropics and mid-latitudes. Saturated zones below 1m can be found
generally over lowlands, near lakes, rivers and other water sources. Thus, we can represent the spatial variability of
humid zones at global scale by varying the fraction of soil saturated below 1m in each grid cell. To this point, the
effects of spatial variability of a shallow water table depth in the IPSL climate model have not been studied. Our
study is a first attempt to assess the impact of a sub-grid variation of the fraction where the soil prescribed at

saturation below 1m.

Results

We performed a sensitivity experiment based on the comparison of global simulations performed independently with
different values of potential wetland fractions ɑ, where groundwater tables (WT) are prescribed at depth of 1 m. The
reference simulation is run without water table but only with free drainage from an unsaturated soil (REF). We
investigates the impact of the varying fraction of saturated soil below 1m in sub-grid area on precipitation, air
temperature, air humidity, latent and sensible heat fluxes and leaf area index. We highlight a non-linear response of
this variables to an increasing sub-grid water table occupation. We found that smaller the shallow water table
fraction, higher the change in near surface climate induced by a variation of fraction of saturated zone below 1m. We
also compare these non-linear responses to a hypothetic linear variation of the climate to the sub-grid variability of
the shallow water table. This enabled us to show up that the strongest non-linear responses higher than the linear one
for precipitation, temperature and humidity are located in transition zones in Amazon.



Figure 1: Annual relative mean value of total soil moisture (TSM), 2m Air temperature (T2m), Precipitation (P),
Latent Heat Flux (Qle), Leaf Area Index (LAI), 2m Air humidity (Q2m) and Sensible Heat Flux (Qh) for WTD1

fraction (α= 0,0.1, 0.15,0.5, 1.0) . Each annual mean value (mean over the 1979-2005 period) is a spatial

average on land and is normalized by the mean value corresponding to the reference simulation (α= 0) . The
dotted line represents the hypothetic linear response.
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