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A core issue in surface process modeling is whether it can rely on observable quantities. The determination of the surface properties of terrestrial soils and planetary surfaces, which is essential for modelling and understanding the mechanisms of landscape formation and evolution, has given rise to much theoretical and experimental research. Remote sensing has revolutionized our approach in this field through broadening the spatial domain of the observed phenomena and through measuring them at regular time intervals. The shape of the BRDF (bidirectional reflectance distribution function) of bare soils is controlled by several parameters including surface roughness, porosity, grain size and shape, size distribution, microtexture, mineralogy, water content, etc. The multi-scale nature of these spatial variables is an intrinsic property of surfaces: their interpretation requires adapted approaches, tools and models.
By decomposing about 20 millimetric DTM (digital terrain models) into several spatial scales using wavelet analysis, we recently showed that the BRDF was mostly sensitive to the smallest scales (i.e., sub-centimetric). However, we still do not have a very clear idea of the contribution of each individual scale of surface roughness (microscopic, mesoscopic, and macroscopic) to the BRDF. This is critical as, for example, the macroscopic scale can be linked with many physical processes at the soil surface while the microscopic scale can be linked with the chemistry of the soil.
The thesis aims to study the determinism of the BRDF on Earth (Asal-Ghoubbet rift in the Republic of Djibouti) and planetary (The Moon) surfaces. It will be based on both experimental measurements and photon transport modeling.
Radiometric measurements will be acquired at different scales in the lab with the SHINE spectro-gonio-radiometer implemented at IPAG (https://cold-spectro.sshade.eu/), in the field (UAV, portable goniometer), and from space (multi-angular spaceborne remote sensing sensors). Emphasis will be placed on the atmospheric corrections of Earth observation satellites and their resulting effects on the BRDF. DTMs will be generated with the IGN/ENSG MicMac software (https://micmac.ensg.eu/). Some data are available in the literature, or have been acquired in the frame of the CAROLInA (Characterization of multi-scAle Roughness using OpticaL ImAgery) project funded by CNES, others like the Lunar remote sensing data (LRO, Pleiades, Apollo missions) will be gathered in the frame of the PhD thesis. Simulations of the BRDF at different scales will be performed using ray tracing models, like the DART model (https://dart.omp.eu/) developed at CESBIO (direct mode), and radiative transfer models, like the Hapke or the Shkuratov models (direct and inverse mode). A method of bare soil classification based on the spectral and the directional dimensions of soil BRDF will be proposed.
Desired profile

Engineering student or master student in physics/geophysics/remote sensing; interest in land and planetary surfaces, radiative transfer modeling, radiometric measurements, image processing.
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