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Preliminary research on sky polarization and influential factors
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Abstract: This paper discusses the status of full sky polarization pattern and the major factors affecting its strength. These factors are Aero-
sol Optical Depth (AOD) and aerosol models (described by the single scattering properties of aerosol particles). The different results of AOD
and aerosol models are demonstrated.

A relatively stable and regular sky polarization pattern is suggested to exist in the sky centering the position of the sun through the com-
prehensive results of incident solar light with underlying surface and atmosphere. This complex process can be described and calculated by
vector radiative transfer models with the output of polarization components. The full sky polarization signals exhibit a certain regular distri-
bution in the sky. The strength and pattern of full sky polarization are affected by the combination of surface reflective properties (including
polarized reflectance and bidirectional reflectance), atmosphere molecule-scattering properties, and aerosol optical properties. This study
simulated different full sky polarization patterns under various AOD conditions based on vector radiative transfer models. For example, the
underlying surface is assumed to be an ocean surface. The land surface is omitted in this study because its basic pattern is similar to that of
the ocean surface.

The single scattering properties of dust nonspherical and soot nonspherical aerosol particles were calculated using a TMatrix-Geo mod-
el. Phase functions and other single scattering properties were then obtained as the basic inputs of vector radiative transfer model. Results
demonstrated a relatively stable sky polarization pattern centering the direction of incident solar light. However, different effects were ob-
served between dust and soot aerosol on full sky polarization pattern. The increase in dust-scattering AOD weakens the pattern of sky polar-
ization from a maximum degree of polarization of 50% to less than 30%. Meanwhile, an increase in soot-absorbing AOD strengthens the
pattern of sky polarization from the maximum degree of polarization of 50% to >70%. With the bimodel (mixture of dust and soot aerosol)
aerosol model, the sky polarization patterns were systematically analyzed with different ratios of soot-to-dust aerosols. The basic sky polariz-
ation pattern is suggested to still exist in the sky, but the strength is influenced by both aerosol model and AOD. With increased soot AOD,
sky polarization tends to increase despite the total AOD being the same. When retrieving aerosol optic properties with sky polarization pat-
tern, paying attention to the selection of aerosol model information is necessary.

Key words: polarization, polarization field, aerosol, sky polarization pattern
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