LAI retrieval from SAR remote sensing for crop monitoring at regional scale
Leaf Area Index (LAI) is a key biophysical variable for crop monitoring as well as for coupling earth observation with crop growth model in the perspective of yield forecasting. The retrieval of this key biophysical variable is of major interest in the remote sensing community. The optical imagery was found rather efficient to estimate the LAI values but their uncertain availability during the growing season due to cloud coverage still constraints their operational use in many regions of the world. Unlike the optical remote sensing, the reliability of regular Synthetic Aperture Radar (SAR) observation has been demonstrated thanks to the insensitivity of microwave signal to the cloud coverage and to the sun light.

This thesis aims at developing a methodology for LAI estimation at regional level from SAR data in an operational perspective. The selected semi-empirical radiative transfer model, i.e. the Water Cloud Model (WCM), was calibrated from ground and SAR observations to derive LAI estimate at field level. This research demonstrated the relevant performances of this approach using a multiyear and multi-sensor data set. Furthermore, the backscattering coefficients simulated from a validated mechanistic model allow enhancing the calibration data set in order to improve the domain of validity of the calibrated WCM.  
The operational use of SAR data over large area requires alternative sources of soil moisture information. A simple hydrological model was tested to estimate the top soil moisture from the rainfall distribution. The complementarities of SAR and optical sensors to estimate the LAI for maize and winter wheat at regional level are discussed. The interest of such a remote sensing approach resides in the capability to provide frequently updates of the LAI values distribution for a given crop in different agricultural regions. The monitoring of such a key quantitative biophysical variable is a major step towards early warning system for food security.  

