
Modeling Polarization Properties of Reflected Solar Spectra 

from Evergreen Needle-Leaf Trees

Introduction

• As a function of leaf types, forest-reflected solar radiation’s degree of polarization (DOP) can be as large as ~70%.

• Empirical PDMs from PARASOL data can be obtained only at 3 wavelengths, which cannot be applied to whole solar spectrum.

• To correct polarization-induced error in satellite data, polarization state of solar spectra from various leaf types must be obtained.

• Polarization properties of solar spectra from evergreen needle-leaf trees are modeled with ADRTM and PARASOL data.
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Why modeling polarization of light 

reflected by tree leaves is challenging? 

Rock minerals and vegetation reflectance spectral from 400 to 
2500 nm in the solar reflected light spectrum (NASA/JPL AVIRIS)

Leaf refractive index by Variational Kramers-kronig Analysis (Chen and 
Weng, 2012)

non-photosynthetic vegetation

Picked leaf reflectance as time lapses



Once we know                                      , we can calculate land surface reflection matrix elements. 

are from PROSAIL model for leaves spectra.                  are from fitting the modeling 

results to PARASOL data at 490, 670, and 865 nm. When soil is covered by snow,         is replaced

by snow reflectance from LandSat-4 thematic mapper (Dozier 1983).

Theory for modeling polarized RS from tree leaves
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c1 = tree fraction
c2 = specular reflection leaf fraction
c3 = soil reflection fraction (see next page)

3.01 c

256.0

 )(a

Aerosol turbidity number β = 0.045 and Angstrom number α=1.55 for forest in Western Siberia 
(Sakerin and Kabanov, 2006)

Leaf and soil spectral reflectance from PROSAIL (Jacquemoud et al. 2009)
with parameters:
Erectophile leaves
Cab = 5.0                      Chlorophyll content (µg.cm-2) 
Car = 1.0 Carotenoid content (µg.cm-2)
Cbrown = 0.0 Brown pigment content (arbitrary units)
Cw = 0.025 EWT (cm)
Cm = 0.015 LMA (g.cm-2)
N = 1.0 Structure coefficient
Psoil =                   1 Dry soil (For large SZA, we set 50% snow coverage for annual mean. Snow spectra are from Dozier (1983))
LAI = 8.0 Leaf area index (m^2/m^2)

3.02 c



Shadow of tree is approximated by assuming as spherical tree shape

sTreeAreaShadowArea tan~/

43 1 cc 

4c is tree shadow fraction. Reflection by shadowed area to indirect solar radiation is neglected.

scc tan14 



Specular reflection matrix of leaves is calculated from a 

lossless dielectric slab
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Comparing model results with satellite data at a wavelength of 490 nm 
and a SZA of 27.57 deg
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Comparing model results with satellite data at a wavelength of 490 nm 
and a SZA of 56.94 deg
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PARASOL
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Comparing model results with satellite data at a wavelength of 670 nm 
and a SZA of 27.57 deg
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Comparing model results with satellite data at a wavelength of 670 nm 
and a SZA of 56.94 deg
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Comparing model results with satellite data at a wavelength of 865 nm 
and a SZA of 27.57 deg
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Comparing model results with satellite data at a wavelength of 865 nm 
and a SZA of 56.94 deg
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Model results at a wavelength of 320 nm
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Model results at a wavelength of 2300 nm
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Summary

1. Spectral polarization states of reflected solar radiation from evergreen needle-leaf trees are modeled.

2. The PROSAIL leaf optical spectra model is used to obtain the total reflectance.

3. Light polarization is approximated with uppermost leaves’ scattering of solar spectra.

4. Polarization state of solar spectra reflected from needle-leaf trees can be accurately calculated. 

Next: Broad-Leaf Trees
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