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Abstract: Snow plays an important role in the Earth's energy balance, hydrological cycle, and climate sys-
tem, and its reflection characteristics are fundamental to characterizing radiative transfer processes at the

land surface. Snow also serves as one of the primary ground feature backgrounds on winter battlefields. In
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natural environments, snow surfaces are often shaped by wind and underlying terrain, forming macroscop-
ic structures such as snow ridges, which can alter photon propagation paths and scattering directions,
thereby affecting the polarized reflection of snow. However, the effects of such macroscopic structures on
snow polarized reflection and the applicability of existing polarized reflectance models remain poorly under-
stood. To address this issue, this study investigated both flat snow surfaces and snow-ridge surfaces.
Three observation scenarios were designed by changing the relative orientation between the solar incidence
direction and the ridge direction: a flat snow surface, ridges parallel to the incidence direction, and ridges
perpendicular to the incidence direction. A multi-angular polarimetric observation system was used to mea-
sure the hemispherical distribution of the polarized reflectance factor under these three scenarios. Based on
the measurements, the performance of two widely used polarimetric reflectance models, the Litvinov mod-
el and the Nadal - Bréon model, was evaluated. The results show that for flat snow surfaces and snow
ridges parallel to the incident direction, the bidirectional polarized reflectance factor exhibits relatively regu-
lar hemispherical distributions, primarily characterized by a pronounced enhancement in the forward-scat-
tering direction. When the snow ridges were oriented perpendicular to the illumination direction, the polar-
ized reflectance in the forward scattering direction was substantially weakened, while the polarization was
improved in part of the backward scattering direction. Model evaluation indicates that both the Litvinov
and Nadal-Breon models achieve high simulation accuracy for flat snow surfaces, with R? values of 0. 86
and 0. 84, respectively, and relative root mean square errors (RRMSEs) below 29%. However, model
performance significantly decreases for ridged snow surfaces. For snow ridges parallel to the incident direc-
tion, R? values decrease to 0. 73 and 0. 64, with RRMSEs of approximately 39%. When the snow ridges
were perpendicular to the illumination direction, the weakened forward-scattering and the improved back-
ward-scattering polarization caused the angular distribution of polarized reflectance to deviate from the as-
sumptions of the models. Consequently, both models failed to accurately reproduce the angular distribu-
tion of polarized reflectance and exhibited their poorest performance, with R? values of 0. 43 and 0. 44, re-
spectively and RRMSEs of approximately 50%. Overall, this study reveals the significant influence of
snow surface structure on polarized reflectance characteristics and highlights the limitations of existing po-
larized reflection models in representing ridged snow surfaces. These findings indicate uncertainties in the
application of polarimetric remote sensing under complex surface conditions and provide a basis for improv-
ing and developing snow polarized reflectance models.
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