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LAI Estimation of Pinus densata in Northwest Yunnan Based on
UAYV and Sentinel-2 Data

Zhou Wenwu ', Qian Changming®, Shu Qingtai *, Qiu Shuang*, Huang Jinjun*, Yu Jinge®,
Gao Yingqun®, Guo Chaosheng*
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3. College of Forestry, Southwest Forestry University, Kunming Yunnan 650233, China; 4. Guangxi Institute of Botany,
Chinese Academy of Sciences, Guilin Guangxi 541006, China)

Abstract: The research focused on the typical Pinus densata natural forest in Shangri-La and utilized multi-
spectral images obtained by low-altitude aerial photography using a UAV. The canopy gap rate model was ap-
plied to calculate leaf area index, and the extracted vegetation index from the Sentinel-2 image was integrated.
Subsequently, an estimation model for the leaf area index of P. densata was developed using the random forest
(RF), Bayesian optimization algorithm improved RF(BO-RF). At the same time, the leave one out cross-valida-
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tion method was used to evaluate the fitting accuracy of the estimation model by the determination coefficient
(R?), root mean square error(RMSE), prediction accuracy(P) and mean absolute error(MRE). The BO-RF model
with the highest accuracy was used for LAI remote sensing inversion at the regional scale. The results showed that
the mean LAI calculated by the canopy gap rate model was 4.24, and the standard deviation was 0.96 based on the
multi-spectral remote sensing image of UAV. Bayesian optimization algorithm can effectively improve the estim-
ation accuracy of the machine learning model and the R* = 0.82, RMSE=0.41, P=90.03% and MRE=8.78% of the
BO-RF model. The R’ increased by 20.59%, RMSE decreased by 24.07%, P increased by 2.87%, and MRE de-
creased by 1.78%, compared to the values before optimization. The BO-RF model was used to estimate LAI and
spatial mapping in the study area. The average value was 4.25, which was mainly distributed in the range of [4,6],
accounting for 63.15 %. This distribution aligns with the measured and predicted values, displaying a strong cor-
relation coefficient of 0.75 and R* = 0.58. The overall distribution of LAI tends to be high in the center and low in
the periphery, with the central and northern regions being the main distribution areas for high LAI values, and low
values mainly in the southeast. The research results can provide a reference for rapid and precise remote sensing
estimation of forest LAI at a large spatial scale using ultra-high resolution optical data in conjunction with space-

borne medium-resolution satellite data.

Key words: Bayesian optimization algorithm; machine learning; UAV; Sentinel-2; leaf area index
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Table 1 Vegetation indices and calculation formulae
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Table 3 The evaluation results of confusion matrix
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Table 4 Correlation coefficients between characteristic

variables and LAI
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