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Soil moisture plays a key role in climatic and hydrological systems. Synthetic Aperture Radar (SAR) has shown
its potential in providing high resolution soil moisture estimates over both watershed and precision agriculture
scales. This advantage moves beyond the coarser spatial resolution shortcoming of passive microwave sensors and
limited penetrating ability of optical-thermal sensors. However, it remains challenging to estimate soil moisture at
ultra-high-resolution based on SAR because of the impacts of surface roughness and vegetation parameters, which
can introduce large uncertainty into retrieval algorithms. This study presents a joint retrieval approach for SM and
vegetation water content based on the combination of high resolution SAR and multispectral images from Euro-
pean Spatial Agency satellite series (Sentinel-1 and 2A/B). In this approach, a cost function is constructed to invert
a coupled backscattering model that integrates the Oh model and water cloud model. Sentinel-2 multispectral im-
agery is first applied to estimate vegetation water content and provide vegetation optical depth for the model. Then,
the soil moisture and surface roughness are simultaneously estimated based on dual-polarized SAR imagery using
a global optimization algorithm. The proposed approach is examined using ground-based soil moisture measure-
ments over several climatic regions and various surface types. The result show that the presented approach could
lead to accurate soil moisture and vegetation water content estimates and should be useful for monitoring moisture
condition of soil and vegetation at precision agriculture scales.



