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Over the last decades, climate change has triggered an increase in the frequency of bark in both
Central Europe and Ukraine. Stem pests of coniferous plantations quickly took a dominant position,
increasing the area of their cells in 5 years by 7.7 times leading to high ecological and economic
losses. The available diagnosis of damage to pine trees by visual signs is ineffective. The exponential
increase of bark beetle infestation hinders the implementation of costly field campaigns to prevent and
mitigate its effects. Remote sensing may help to overcome such limitations as it provides frequent and
spatially continuous data on vegetation condition. Using Sentinel-2 images as main input, two models
have been developed to test the ability of this data source to test the ability of this data source to
monitor the condition and damage of forests by bark beetle. The first approach was based on the
selection (segmentation) of the affected areas using the method of automatic object recognition on
satellite images, which is based on the pixel-oriented approach and artificial neural networks. And the
second was based on the construction of a time trend of vegetation and forest moisture using cloud
computing algorithms of Google Earth Engine. The proposed approaches on the example of a test plot
of Tobolsk forestry Kamin-Kashirsky district of Volyn region with a total area of 54 ha were
presented. The study period was from 2015 to 2020. These approaches of assessing damage based on
Sentinel-2 can be set up for any location to derive regular forest vitality maps and inform of early
damage.
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Introduction

In recent decades, the trend of steady decline in the area of pine forests of natural origin is clearly
visible. Artificial forests predominate in most regions of Ukraine. According to the materials of the
State Agency of Forest Resources of Ukraine, the total area of forest drying was about 300 thousand
hectares, of which more than half of the plantations of Scots pine as of 2020. Stem pests of coniferous
plantations quickly took a dominant position, increasing the area of their cells in 5 years by 7.7 times
(Meshkova, 2021).

The complex natural and anthropogenic factors and climate change caused by human activities, have
negative impact on water and mineral nutrition of pine stands, affects their livelihoods and functional
condition. In weakened stands with reduced vitality, the area of which is constantly (at a high rate)
increasing, favorable conditions are created for the intensive development of phytopathogens and
pests (especially mass developmentapical bark beetle Ips acuminatus (Gyllenhal)).

To identify foci of disease and mass development of phytophagous insects, it is necessary to use
terrestrial and remote methods to develop the methods for early diagnosis of entomological injuries
and phyto diseases using the modern mycological, morphophysiological and genetic studies. The
available diagnosis of damage to pine trees by visual signs is ineffective. Damage to trees by
phytophagous and damage by phytopathogens is often detected late, when the time to prevent their
mass development and spread is already lost. The exponential increase of bark beetle infestation
hinders the implementation of costly field measurements to prevent and mitigate its effects. Remote
sensing may help to overcome such limitations as it provides frequent and spatially continuous data
on vegetation condition (Barta et al, 2021; Fernandez-Carrillo et al., 2020).

Methods of investigation

Using Sentinel-2 images as main input, two models have been developed to test the ability of this data
source to monitor the condition and damage of forests by bark beetle. The test plot of Tobolsk forestry
Kamin-Kashirsky district of VVolyn region with a total area of 54 ha was selected as an example. In
order to determine the change detection in areas attacked by the bark beetle on coniferous forests
using Sentinel-2 images, a general workflow was developed for the study area (Figure 1).

Damage detection

Processing and analysis

Input data ‘ Classification Neural

3 Network
Multitemporal I —> o
Sentinel-2 data | Indexes calculation

| NDVI \ NDMI || NDWI

Figurel General workflow to obtain from Sentinel-2 images.

The first approach was based on the selection (segmentation) of the affected areas using the method of
automatic object recognition on satellite images, which is based on the pixel-oriented approach and
artificial neural networks (Artiushenko et al., 2020; Foster et al., 2017). The method of classification
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with training provided for the following stages of work: 1) creating a "region of interest” for the
preliminary definition of 3 classes of objects; 2) analysis of histograms and creation of training
samples; 3) image classification using artificial neural networks. Images are being confidently
segmented into 3 classes using this method: glades and sanitary felling area; healthy coniferous forest;
areas with completely dried (dead) trees (Figure 2). Based on this method of remote sensing data
processing, thematic maps of the affected forest and relevant statistics on changes in the test area of
the forest from 2015 to 2020 were obtained (Figure 3). In general, for the last 5 years on the test site
we observe the increase in the area of infected forest by 3.1 ha for the first 2 years and then a decrease
in the area of bark beetle due to the implementation of sanitary felling with a total area of 13 ha. At
the same time, the area of healthy forest decreased by 32%.
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Figure2 Automatic classification of Sentinel-2 images based on classification with training by
reference. There are 3 classes: 1 - glades and sanitary felling area; 2 - healthy coniferous forest; 3 -
infected coniferous forest.
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Figure3 Dynamics of change of areas of the test area of the forest of Tobolsk forestry for 5 years.

Another approach was based on the construction of a time trend of vegetation and forest moisture
using cloud computing algorithms of Google Earth Engine.

The modern cloud platform of Google Earth Engine makes it possible to process satellite images and
other observable data of the Earth due to the peculiarities of its architecture. It is designed to support
fast, interactive exploration and analysis of spatial data, allowing the user to pan and zoom through
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results using JavaScript, Python and embedded Web IDE to examine a subset of the image at a time.
(Gorelick et al., 2017).

To determine the state of vegetation and the amount of chlorophyll, the classical vegetation index was
used -Normalized Difference Vegetation Index (NDVI), and to determine the forest moisture, two
indices were used: Normalized Difference Moisture Index (NDMI) and the classic moisture content
index - Normalized Difference Water Index (NDWI) (Havasova et al., 2015; Honkavaara et al., 2020;
Zimmermann et al., 2020).

The NDMI that is used in combination with other vegetation indexes (NDVI and/or ADVI) associated
with vegetation moisture. This formula uses the near infrared (NIR) and short wave infrared (SWIR)
to capture the variations of moisture in vegetated areas. NDMI is applicable in applications looking at
drought monitoring and subtle changes in vegetation moisture conditions.

NDVI =(NIR - RED) / (NIR+RED) NDVI (Sentinel 2 MSI) : NIR=B8, RED=B4
NDMI = (NIR - SWIR) / (NIR+SWIR)  NDMI (Sentinel 2 MSI) : NIR=B8, SWIR=B11
NDWI= (Green-NIR ) / (Green+NIR) NDWI (Sentinel 2 MSI) : NIR=B3, SWIR=B8

The satellite image shows the location of two test sites on which time curves of changes of three
indicators of vegetation were constructed. The results of studying the time changes of index indicators
of humidity and vegetation showed that, until 2019, the reference areas were in almost the same
conditions before pest infestation (vertical dotted line), after which the different differences in curves
and as a consequence of deforestation are seen (Figure 4).
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Figure4 Dynamics of change of areas of the test area of the Tobolsk forestry for 5 years.

GeoTerrace-2021
4-6 October 2021, Lviv, Ukraine



Terrace
Conference

Conclusion

In this study, a method was proposed to map bark beetle damage from satellite imagery. Using
Sentinel-2 images as input, two approaches were built to detect and map the severity of bark beetle
outbreaks on spruce forests in the Czech Republic at 10 m spatial resolution. The first one was used to
map the damage done in 2015-2020. The second approach was used to construct the time trend of the
state of humidity and vegetation of the forest on the basis of spectral indices.

The resulting biotic damage (forest cover loss) maps provide information on the intensity of damage,
suggesting that they can be used not only to assess damage, but also to help forest managers plan their
prevention and mitigation actions.
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