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Retrieval methods for Tree Leaf Area Parameters

Based on Terrestrial Laser Scanning
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Abstract Leaf Area Index (LAI) is a key parameter that characterizes the structure of vegetation
canopies, and the indirect measurement of LAI has always been an important research topic in vegeta-
tion remote sensing. Terrestrial Laser Scanning (TLS), with its efficient and precise three-dimensional
observation capability, has been widely used for LAI estimation. At the same time, TLS provides possi-

bilities for the inversion of more refined leaf area parameters, such as the three-dimensional distribution
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of Foliage Area Volume Density (FAVD). This paper reviews the main methods for retrieving leaf area
parameters based on TLS from a methodological perspective, discussing their advantages, limitations,
and influencing factors. The indirect measurement of leaf area parameters based on TLS can be classi-
fied into four categories: the gap fraction-based method, the contact frequency-based method, the com-
puter graphics theory-based method, and the ecophysiological model-based method. These methods dif-
fer in theoretical foundations, data organization, etc., and are suitable for the retrieval of various leaf
area parameters at different scales. Among them, the mainstream approach currently relies on the mea-
surement and analysis of gap fraction, and it has evolved into three categories based on different forms of
point cloud organization: 2D images, pulses, and voxels. Methods based on contact frequency, computer
graphics theory, and ecophysiological models are also emerging, providing new avenues for leaf area pa-
rameter inversion and can be further optimized to improve the accuracy and efficiency of LAI estima-
tion. Existing methods have basically covered the inversion of various leaf area parameters at different
scales. From stand-scale LAI to more refined individual-tree-scale Vertical Foliage Profile (VFP) and
voxel-scale FAVD, leaf area parameter inversion based on TLS continues to advance in a refined and
three-dimensional direction. In this process, clumping effects, non-uniform path lengths, and occlusion ef-

fects are important factors that affect measurement accuracy and require further research and calibra-
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