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| Recent increases in air temperature, high variability in precipitation, earlier springs and
especially warmer winters, appear to be responsible for the increase in the frequency and virulence
of insect outbreaks in forest ecosystems. Such a case has occurred in Zao Mountains between the
prefectures of Yamagata and Miyagi in northeastern J apan, where an outbreak of bark beetle, that
started in 2013, had by the year 2016, complétely decimated fir (dbies m.ariessi) forest stands in
areas close to the tree line and has slowly but steadily moved down the mountains to lower
altitudes showing different degrees of infestation. The total area affected extends to hundreds of
hectares that is impossible to evaluate in its entirety by field surveys. Satellite images provide an.
overview. of the damage but because of its coarse resolution, it is not possible to observe in detail
the infestation of single trees or the infestation patterns within the forest, hindering the
understanding of insect outbreak spread within the forest, their rate of infestation and in general
the évaluation of the spatial health status of forests within elevational gradients. However, with
the recent advances in Unmanned Aerial Vehicles (UAYV), it is now possible to obtain very high
resolution of few centimeters, capable of detecfing the shape of leaves or different levels of
defoliation of branches of a single tree. Thus, based. on the data collected from this new
technology, this study is composed of two parts: tree health spatial evaluation using Random
Forest technique and tree health identification using Deep Learning techniques.

In the first part, the impacts of terrain on the spread of bark beetles were evaluated using Random-
Forest technique to ‘predlct the occurrence of bark beetles and different health classes (healthy,

sick, and dead) based on elevation, slope and aspect. Two predictive models were made: the first



model was used to predict two classes “healthy” and “infested” (“infested” includes sick fir and
dead fir trees) to evaluate how the terrain characteristics can impact the spread of bark beetles in
 fir forests and the second model was used to predict three classes “healthy”, “sick” and “dead” in
order to evaluate how the terrain affects sickness and moftality rate. The predictors from these
models obtained high overall accuracy of 75% and 71% respectively, by considering only the
terréin factors. This indicates that the terrain regulates the mountainous climate, and as such has
strong influence on the emergence of bark beetle. The results illusfrate that elevation which affects
60% of the acéuracy of the predictive model is the most importaht factor that impacts the spread
.of bark beetles and leads to the mortality of trees. Slope and aspect were equally responsible for
20% each on the model accuracy. High elevation (1600 — 1700 m), steep slope (21.8° — 90°),
especially those facing west present the highest percentage of bark beetle infestation and faster -
mortality rate. This finding contributes to understanding the biological interaction between the
host, the bark beetles and the habitat which may give some clues on future habitat selection of
the host trees as a strategy to mitigate the impact of bark beetle infestation.

In the second part of the study, an automatic system was déveloped to classify all the fir trees in
the forest into two classes, healthy and sick fir, based on UAV-acquired data and Deep Learning
analysis. Considering detection alone, the results showed 85.70% success, while in terms of
detection and classification, we were able to detect/classify correctly 78.59% of all tree classes
(39.64% for sick fir). However, with data augmentation; detection/classification percentage of the
sick fir class rose to 73.01% at the cost of the result accuracy of all tree classes that dropped
63.57%. Finally, the results of this study showed that the implemehtation of UAV, computer
vision and DL techniques has the potential to significantly contribute to the development of a new
approach to evaluate the impact of insect outbreaks in forest. The methodologies and results from
this study provide enhanced approach and opportunities for forest disturbance assessment which
until now have been mainly based on field work and satellite images.
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