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Abstract: A method for retrieving leaf surface roughness based on a multi-angular polarized reflectance
model 1s proposed. By incorporating a non-polarized component into the Litvinov polarized reflectance
model, an improved model was developed to establish a quantitative relationship between the leaf reflec-
tance factor and surface roughness. Nineteen leaf samples from five plant species with distinct surface
structures were used, and multi-angular leaf measurements in the principal plane were conducted to sys-
tematically evaluate the model performance in reflectance simulation and roughness inversion. The results

showed that the improved model accurately reproduced the leaf reflectance factor across the 350-2 500 nm
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spectral range, with high overall accuracy (R*=0. 99) and strong stability under varying viewing zenith an-
gles (relative root mean square error <_5% ). For roughness retrieval, robust performance was achieved
across most wavelengths (R? generally 0. 5) , with the highest accuracy observed at 450 and 550 nm
(R*>>0.7). Differences in leaf surface structure were effectively distinguished, and relative variations in
roughness were reliably captured. Sensitivity analysis indicated that leaf surface roughness and illumina-
tion-viewing geometry jointly controlled the magnitude and angular distribution of the polarized reflectance
factor. Specifically, roughness was found to govern the magnitude and angular distribution of the leaf re-
flectance factor in the principal plane. This study demonstrates the feasibility of retrieving leaf surface
roughness using a polarized reflectance-based model. The proposed approach overcomes the limitations of
conventional intensity-based methods in characterizing surface structural parameters and provides a new
pathway for vegetation structure retrieval, with potential extension to canopy-scale applications.
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Fig.5 Variation of leaf reflectance factor with leaf surface
roughness in principal plane (“-” indicate forward-

scattering direction)
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