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Summary of project objectives (10 lines max)

In this special project we will develop a more realistic representation of hydrology/groundwater in EC-
Earth by including a global scale water table depth to replace free drainage bottom boundary conditions
and achieve a more realistic representation of hydrological processes. To enable climate feedback
driven by groundwater dynamics, we will attempt to include a simple interactive groundwater model.
The effects of an improved representation of hydrological processes and the couplings with vegetation
will be tested and assessed first in offline land-only simulations. The results of the sensitivities and
developments conducted off-line will further drive coupled simulations of EC-Earth conducted with
AMIP-type and CMIP7 configurations, including historical and future scenario simulations.

Summary of problems encountered (10 lines max)

Problems were encountered with the use of the ECLand tools for creating initial conditions and forcings
to run the off-line model. In the 2D case, all variables for the initial conditions were not created correctly
when retrieving from CDS. For the forcings, the script must be run several times when retrieving from
CDS (only option for non-ecmwf users) due to crashes during execution making the process painful
(~one week for one year of forcing data retrieved) and with a significant SBU consumption from the
allocated budget. The problem has been addressed to ECMWF colleagues but still not solved at the time
of writing this report.

Summary of plans for the continuation of the project (10 lines max)
The effects of prescribing a water table depth — as obtained from existing estimates — to replace the
free drainage bottom boundary conditions in EC-Earth will be assessed in off-line land-only
simulations. To further enable climate feedback driven by groundwater dynamics, we will attempt to
include a simple interactive groundwater model. After the testing and developments conducted off-line,
the effects of an improved representation of hydrological processes and the couplings with vegetation
will be assessed in 1) coupled configuration with Atmosphere (AMIP-type) and ii) fully coupled mode.
Taking advantage of the earlier delivery of the CMIP7 forcing data (expected already during second
half of 2025), we’ll take the opportunity of contributing to CMIP AR7 by running during 2026 the new
historical and ScenarioMIP instead of the post-CMIP6. To this aim an amendment request is being
submitted to postpone to 2026 the SBU resources that was previously allocated for post-CMIP6 in 2025.
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Summary of results

If submitted during the first project year, please summarise the results achieved during the period from the
project start to June of the current year. A few paragraphs might be sufficient. If submitted during the
second project year, this summary should be more detailed and cover the period from the project start. The
length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a
short summary plus an existing scientific report on the project attached to this document. If submitted during
the third project year, please summarise the results achieved during the period from July of the previous
year to June of the current year. A few paragraphs might be sufficient.
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The current version of the land surface model included in EC-Earth (ECLand-LPJGuess; Balsamo, 2009;
Alessandri et al., 2017; Boussetta et al., 2021; Doescher et al., 2023) still assumes a free drainage condition at
the bottom of the unsaturated soil column, implying that groundwater is placed at an unrealistic infinite
distance below the surface. To address this limitation, we have implemented a Dirichlet boundary condition at
the bottom of the unsaturated soil, enabling a fully implicit numerical scheme to be used for coupling with
groundwater. We prescribed the water table depth (WTD) directly using estimates from Fan and Miguez-Macho
(2013) — hereafter referred to as the STATIC configuration — to enable the computation of realistic water
fluxes between the unsaturated zone and the saturated groundwater-layer beneath. Furthermore, we assumed
zero hydraulic conductivity when the prescribed water table depth was shallower than that of the soil model.
Figure 1 illustrates the comparison of soil moisture content in the deepest modelled soil layer (level 4: 100—
289 cm) in two selected stations across (blue) the STATIC configuration and (orange) a control simulation
using the default configuration with a representation of groundwater at an infinite distance from the surface
(hereafter referred to as CTRL). The two considered stations are the Neu (right panel; Austria: Lat: 47.1167,
Longitude: 11.3175; time period 2002-2012) and Gebesee (left panel; Germany - Latitude: 51.0997, Lon:
10.9146; time period 2001-2014). The left panel of Figure 1 shows that prescribing a realistic WTD of 3.8 m
in STATIC at the Gebesee station consistently leads to higher soil moisture values compared to CTRL, even
though both experiments exhibit similar variability associated with precipitation or other recharge events. This
indicates that the presence of a water table close to the unsaturated soil considerably enhances the soil moisture
retention at this depth. In the righthand panel of Figure 1, it is shown an even higher effect on the soil moisture
at the Neu station where the prescribed WTD in STATIC is shallower (0.5 m) and therefore maintaining a
sustained moisture supply from the groundwater to the bottom soil layer that becomes saturated by water
during the whole considered period.

Overall, these preliminary results highlight the importance of incorporating groundwater processes into land
surface models. As expected, the CTRL simulation, lacking any groundwater influence, produces lower soil
moisture values in all the stations considered, especially during dry periods, emphasising the critical role of
groundwater in sustaining deep soil moisture. The Neu station displays the greatest impact on soil moisture in
STATIC compared to CTRL due to the intensive influence of the prescribed shallower water table in this case.
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Figure 1: Comparison of soil moisture content at the deepest soil layer (100-289 cm) in the Geb and Neu sites, for the 2001—
2014 and 2002-2012 periods, respectively (see text for more details). For each site two configurations are considered:
CTRL (no groundwater consideration) and STATIC (prescribed water table depth of 3.8 m at Geb and 0.5 m at Neu
according to Fan and Miguez-Macho [2013] estimates). Shallower depths correspond to wetter conditions and a greater
influence of groundwater on deep soil moisture.
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