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The importance of snow for water water resources, especially in mountainous basins, has long been recognized. The sparseness of in-situ measurement networks prohibits capturing the spatial and temporal variability of snow properties across large scales. Consequently, large scale observation strategies have focused on remote sensing, both in visible and microwave wavelengths. Despite the ability of satellite sensors to provide information on snow cover extent and water equivalent among others, their significant limitations cause retrievals of snow properties to be problematic. Data assimilation provides a framework for optimally merging model predictions and remote sensing observations of snow properties, ideally overcoming limitations of both. Nevertheless, snow data assimilation of remotely sensed observations is complicated because of the difference in spatial scales between model and observations, and the different error structures of each observation type. This work will present a number of components of a snow data assimilation system that attempts to address these issues, building on previous work of assimilating MODIS snow cover observations in a Western U.S. basin. First, the scaling relationship of the passive microwave brightness temperature model prediction errors, from the 25 km satellite to the 5-10 km model scale is explored, along with the effects of land cover characteristics (forest cover, elevation) on the assimilation system. Secondly, the application of a novel data assimilation technique (Ensemble Multi-scale Kalman Filter) that represents the model covariances using a tree structure, is presented and compared with the standard Ensemble Kalman Filter. In addition, the implications of representing snowpack stratigraphy for large-scale passive microwave remote sensing are discussed with examples from the Cold Land Processes Experiment and the SNOWSTAR Alaska transect. Finally, some possible future research directions are identified, in the context of hydrologic forecasting and re-analysis.
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