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Abstract 

The increased number of observations particularly from satellite remote sensing is providing 

a unique opportunity for improving our understanding of the Earth’s physical processes. 

However, the huge amount of data both from models and observations requires complex data 

integration frameworks, which can deal not only with high dimensional system states but also 

with various noise characteristics. Data assimilation is traditionally used to constrain the 

system state with available observations. While standard assimilation framework requires an 

explicit knowledge of the dynamical model and intensive computation cost, data-driven 

techniques may offer an efficient alternative. Data-driven approaches have been recently 

applied in hydrological studies, suggesting promising performances comparable to a standard 

assimilation system, but at a fraction of the computational cost. The present contribution 

focuses on the development of a data-driven scheme for the cases when the data are subject 

to non-Gaussian noises. This is particularly important for assimilating satellite remotely 

sensed products, e.g., Global Navigation Satellite Systems (GNSS), the Gravity Recovery And 

Climate Experiment (GRACE), and satellite-derived soil moisture, for which the Gaussian noise 

assumption often leads to inaccurate estimates. The proposed method is a hybrid scheme 

based on a particle filtering requiring a surrogate model for forecasting. The newly introduced 

technique is tested and further compared with the standard ensemble Kalman filter as well 

as particle filter to investigate its performance. Our primary results indicate that the new 

technique can better deal with the observations noises, especially compared to a standard 

Kalman filtering. 
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