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Abstract

We present simulation results on backscattered, transmitted, and absorbed intensity of shortwave
radiation by a dirty snow layer. A two-dimensional geometric ray-tracing algorithm was developed to
study the scattering of light in a snow layer. The snow model is comprised of randomized cross-
sections of plate and column ice crystals. Periodic boundary conditions allow for a large horizontal
extension of the snow layer. Incident light is subject to reflection, refraction, and absorption in those
particles. Each incident ray is traced until it either leaves one of the surfaces or has decreased in
intensity below a threshold. We present our findings on the influence of light-absorbing particles
(LAPs) in various depths and densities on the reflection and transmission properties of the snow
layer.

Cross sections of hexagonal prisms include triangles, squares, pentagons, and hexagons. When
generating the snow layer, these shapes were randomly chosen, rotated, stretched, and placed as to
emulate an experimentally observed particle density and packing of snow. The system contains
between 200 and 500 ice particles with periodic boundary conditions, corresponding to a depth
between 20 and 50 monolayers of ice particles between top and bottom surface of the model. Three
wavelength-dependent indices of light were considered allowing some degree of spectral resolution
in the scattering processes. The backscattered, transmitted, and absorbed intensities were collected
for an assessment of the radiative behavior of the snow layer. One of the questions of interest
targeted the influence of using geometrically realistic shapes versus spherical particles in such a
simulation. We present a comparison of the two types of snow systems. To track how LAP’s depth
and density impact albedo, the snowpack was divided into ten layers with varying depth and
number of LAPs.

Light scattering in snow containing light-absorbing particles (LAPs)
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The reflectance of the snow layer is only affected if the LAPs reside in the top four monolayers. Any deeper, and the reflectance
resembles clean snow.
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