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Assimilation of EO data in land surface models: interactions between water and carbon cycles

) was implemented into the model, able to assimilate biomass and soil moisture sensitive EO data at the same time. To test the assimilation of the future SMOS (Soil Moisture and Ocean Salinity) brightness temperatures (Tb), and to validate the soil moisture products derived from SMOS and other sensors (e.g. ASCAT), field experiments and modelling activities are conducted over south-western France. A synthetic L-band brightness temperature (Tb) data set was built for the period 2000-2005. Over this period, SPOT/VGT and MODIS LAI products are available. Finally, a network of in-situ soil moisture stations, providing real-time observations (SMOSMANIA) has been implemented in southwestern France.

The simplified 2D-VAR

In Muñoz et al. 2006, surface soil moisture (w g ) observations were assimilated using four different assimilation approaches. The simplified 1D-VAR method demonstrated to be the most suitable for an implementation in an operational configuration. Although the results for the root-zone soil moisture (w 2 ) analyses were generally satisfactory, ISBA-A-gs was forced with a prescribed LAI obtained from in-situ measurements. In Muñoz et al. 2007, a step forward was made, and the LAI was simulated by the surface scheme using the parameterization for the plant photosynthesis and the vegetation growing and senescence phases of ISBA-A-gs [START_REF] Gibelin | Ability of the land surface model ISBA-A-gs to simulate leaf area index at the global scale: comparison with satellites products[END_REF]. Consequently, both w 2 and vegetation biomass could be jointly analysed (Fig. 1) through the assimilation of LAI and w g observations from the SMOSREX experimental site (De Rosnay et al., 2006) in south-western France (Fig. 2). The 2D version of the algorithm is being implemented in SURFEX and tested over south-western France (Fig. 2).

Synthetic EO data

For the preparation of the operation of the SMOS mission it is important to understand the relationship between soil moisture conditions on the ground and L-band observations from space. For this purpose, ISBA-A-gs was run for a period of 5 years (January 2000 -July 2005) in order to obtain long-term land surface data sets, required to produce synthetic brightness temperature fields for the simulation of SMOS synthesised FOVs. The land surface data was used as input into the L-band Microwave Emission Model for the Biosphere (L-MEB, [START_REF] Wigneron | L-band Microwave Emission of the Biosphere (L-MEB) Model: description and calibration against experimental data sets over crop fields[END_REF], to produce brightness temperatures at 8km resolutions. The simulations have been undertaken for southwestern France (2°W to 4°E, and 46°N to 42.5°N, see Fig. 2). LAI estimates are produced by the model and are fully consistent with the synthetic Tb. They can be compared wit EO derived estimates (MODIS and SPOT/VGT), available for the same period. In situ data SMOSMANIA (Soil Moisture Observing System -Meteorological Automatic Network Integrated Application) implements soil moisture measurements in a portion of the automatic ground station network of Météo-France (the RADOME network). The SMOSMANIA network permits to monitor soil moisture in south-western France thanks to automatic, real-time in-situ measurements of soil moisture and soil temperature profiles (-5, -10, -20, -30 cm). The soil moisture measurements are obtained with horizontally installed ThetaProbes. Twelve ground stations were installed in 2006 allowing to observe the hydrologic and climate gradient between the Mediterranean and the Atlantic. The soil moisture data acquisition has been fully operational since January 2007. In 2007, soil temperature probes were installed and the calibration of the soil moisture probes was finalized. Several objectives are considered: i) validation of the operational soil moisture products of Météo-France (http://www.eaufrance.fr), produced by the hydro-meteorological model SIM [START_REF] Habets | Prévisions hydrologiques et échelles spatiales : l'exemple des modèles opérationnels de Météo-France[END_REF]; ii) validation of new versions of the land surface model of Météo-France; iii) contribution to the calibration and validation campaigns of future SMOS products (surface soil moisture) and other space-borne remotely sensed soil moisture products; iv) help to implement the assimilation of SMOS data and verify the analyzed variable (root-zone soil moisture), v) ground-truthing of future airborne SMOS CAL/VAL campaigns . 

Prospects

In the next years, the 2D-VAR in ISBA-A-gs will be implemented in a pre-operational version of SIM over France. This work will be carried out in collaboration with other European national meteorological services and with ECMWF. This system will allow the near real-time monitoring of soil moisture, vegetation biomass, as well as carbon and water fluxes. The SMOSMANIA soil moisture network will permit to validate the SMOS Level 2/3 products and the operational ASCAT soil moisture products of EUMETSAT.
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 1 Figure 1 -Analysis of a) the root zone soil moisture (circles) and b) vegetation biomass, using a simplified 1D-VAR method from 2001 to 2004 over the SMOSREX experimental site. c) LAI before and after the assimilation. For comparison purposes, analysed values are superimposed over the in-situ observations (points) and the model basic estimations (solid line). Reproduced from Muñoz et al. 2007.
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 2 Figure 2 -Study area in south-western France (hatched) and location of the 12 SMOSMANIA soil moisture stations (dots) and SMOSREX (+).