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Abstract: Snow is a critical component of the global water cycle, storing freshwater during winter
and releasing it through snowmelt to support rivers, reservoirs, agriculture, and communities
during warmer months. Radar remote sensing offers a unique capability for monitoring snow
over large and inaccessible regions because of its sensitivity to snowpack properties and its ability
to operate day or night and under cloud cover.

This work develops a physics-based, fully coherent polarimetric radar model of snow-covered
terrain for estimating snow water equivalent (SWE). Realistic three-dimensional snow media are
generated using spatial correlation and Lineal-Path functions to capture snow structure and
particle connectivity. Electromagnetic scattering from the snowpack is modeled using a recently
developed new model known as the Statistical S-matrix Wave Propagation in the Spectral Domain
(SSWaP-SD) technique, in which the snowpack is divided into thin layers represented by
polarimetric multi-port scattering matrices. These matrices are coherently cascaded to predict
forward and backward bistatic scattering from snowpacks of arbitrary thickness. Full-wave
MoM/DDA and FEM simulations are used to characterize and validate the snow response. The
model is then extended to snow-covered terrain by incorporating scattering from the underlying
rough ground. Monte Carlo simulations of the complete snow—ground system show good
agreement with measurements, providing a rigorous framework for interpreting radar
observations and retrieving SWE.
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