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Avrticle Info ABSTRACT

Avrticle type: Background and Obijectives: Forests are subject to a variety of
Full Length Research Paper  disturbances that adversely affect their health. One of these disturbances is
caused by leaf burn, which usually occurs in a very hot summers and
Article history: pricglly causes tregs tp weaken and_dry up in the'long-time.. Therefore,
Received: 01.02.2023 identifying and monitoring the expansion of its level is of great importance.
Revised: 01.22.2023 The use of remote sensing data, as one of the important sources of
Accepted: 01.23.2023 information, can be used to identify leaf burn trees. It is possible to use
UAV images at desired times, but they have limitations such as the
captured surface and the spectral resolution of the sensors. The combined
Keywords: use of UAV images and high-resolution satellite imagery can be usefull in
Leaf burn of canopy, identifying and mapping of leaf burn tree crown, other damage, and their
Random forest regression large-scale severity classes. The purpose of this study is to investigate and
model, _ identify leaf burn of the tree crowns using UAV images in a part of Deland
$emote sensing data, Forest Park in Golestan province and combining it with Sentinel 2 images
ree classification e
to produce a classification map of leaf burn over a large landscpe.

Materials and Methods: RGB UAV images were taken, pre-processed,
and properly processed. Also, Sentinel 2 images were prepared and
analyzed from the geometrically and radiometrically points of view.
Ground truth of leaf burn trees and healthy ones was carried out in
September 2021 in a selective manner with a differential global positioning
device at an accuracy of <10-cm. In the first step, the UAV images were
classified into three categories: trees with burnt leaves, healthy, and clear
trees using the support vector machine algorithm. The resulted
classification map was also repeated with vegetation indices obtained from
UAV spectral bands. Finally, the resulted maps were validated. Next, in
order to produce a map of the leaf burn tree canopy, the image of Sentinel
2, based on the classified map of the UAV with the highest accuracy was
used to train the regression model based on the random forest algorithm.
Finally, a map of leaf burn intensity classes was produced over the entire
Deland Forest Park.

Results: The result showed that the UAV visible spectrum bands are able
to distinguish trees with healthy and burnt leaves with an overall accuracy
of 89.62% and Kappa coefficient of 0.84. By combining the main bands
and 9 vegetation indices, the overall accuracy and kappa coefficient were
decreased to 87.40% 0.81, respectively, however, by combining the UAV
bands and the best vegetation indices (e.g., EGMRI, EGI and NDI),
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classification results were slightly improved to 91.11% overall accuracy
and 0.86 Kappa coefficient. In the classification of leaf burn percentage of
the forest canopy using Sentinel 2 image integration, the random forest
regression model showed that the use of UAV data as a training sample is
capable of achieving a RMSE of 17.4 % and an R? of 0.63% to estimate the
percentage of leaf burn of tree canopy at the pixel level.

Conclusion: This study suggests that RGB images of the UAV can detect
trees with leaf burn stress. In addition, plant indices, i.e., EGMRI, EGI, and
NDI can improve the accuracy of classified maps by differentiating leaf
burn. Combining results of UAV images as training samples to prepare leaf
burn classes in the Sentinel 2 image has shown promising results and can
be used as a new approach where large-scale leaf burn stress is observed.

Cite this article: Naseri, Mohammad Hassan, Shataee Juibari, Shaban, Habashi, Hashem. 2023. Zoning
of tree crown leaf burn using UAV and Sentinel 2 images in Deland Forest Park, Golestan
province. Journal of Wood and Forest Science and Technology, 29 (4), 75-92.
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2- Random Forest
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Figure 1. Location of the study area in Iran and Golestan province.
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Table 2. List of used vegetation indicators.
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Figure 2. An example of trees and gaps harvested as ground truths: a- healthy tree, b- tree with leaf burn, c- gap.
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Table 3. Correlation matrix of vegetation indicators.

BIC EGI EGMRI ERI GLI NCI NDI PGI VARI T‘d’
naex
0.66" 04" 0.004™  0.52™ 0997  0.65™ 0.98" 0.66™ 1 VARI
1™ 0.64™  0.013™ 076"  0.66" 1 0.64™ 1™ 0.66™ PGI
0.63™  0.47™  0.001™ 042" 0997 063" 1™ 0.64™ 0.98" NDI
1™ 0.63™  0.011™ 077"  0.65" 1 0.63™ 1™ 0.65" NCI
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. /’Lﬁ
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Average
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™ no significance, * significance at 95% confidence level, ** significance at 99% confidence level
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Table 4. Summary of the results of validation of the maps prepared using the combinations of the main bands
and vegetation indices of the UAV images.
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Figure 4. Classified map of healthy trees, trees with crown leaf burn and gap by using the combination of main
bands and selected vegetation indices.
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Figure 5. A- diagram related to Mean of Squares Residual, B- diagram of the distribution of trees in random
forest model.
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Figure 6. The prepared map related to the percentage classes of leaf burn-tree crown cover using the Random
Forest regression model.
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