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Introduction

Deforestation is a process that accelerates with the
development of mankind, with the growth of the
Earth's population and has a long-term tendency to
decrease in the forest cover. Reduction of forest area
on the territory of Ukraine causes catastrophic
activation of landslide and mudflow processes on
slopes, development of land erosion, frequency and
area of floods, siltation of reservoirs, etc.
Governments and various public organizations are
trying to slow down and reduce this process,
including the use of remote sensing technologies as
the most informative in terms of monitoring of area
parameters of forest massifs. This paper gives an
example of the use of Sentinel-1 radar satellite
imagery, which has an advantage over optical sensors
because of its independence from the weather. In
addition, the Random Forest machine learning
classification method was applied to them. The built
model allows to estimate the forest dynamics and to
compare it with any other obtained satellite image.

Methods of investigation

Google Earth Engine is a database that contains
dozens of different data, including S1 satellites. S1
satellite has a number of advantages over optical
sensors. Multispectral sensor satellites are more
commonly used for monitoring and mapping changes
in forest cover dynamics, because of their advantage
in dealing with vegetation. But cloud cover is their
biggest disadvantage, the synthetic aperture satellite
solves the problem of natural limitations and thus
each image can be used for a more comprehensive
analysis. The classification of satellite images was
performed using the built-in RF library, which allows
to define objects based on the created classes.

Data processing and interpretation

GEE has S1 satellite imagery in its collection, with a
spatial resolution of 10-20 meters, depending on
mode. The revisit time for our area of interest is
about six days, and there is complete independence
of weather conditions. The catalog contains current
and regularly updated data in dual polarization:

• vertical transmit and vertical receive (VV)

• horizontal transmit and horizontal receive (HH)

• vertical transmit and horizontal receive (VV +
VH)

• horizontal transmit and vertical receive (HH +
HV).

Satellite images at different dates were taken to
determine the locations of deforestation in order to
see the spatial and temporal trend of decreasing forest
cover. First, the classification model was trained on
one of the AOI, then the same parameters were
applied to another AOI with a similar result.

There are two classes in the classification model
(Figure 1):

• areas occupied by forest plantations.

• areas of deforestation
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Figure 1 (Two classes of forest and no forest)

Figure 3 (Original Sentinel-1 display)

Figure 2 (Classified images)

Figure 4 (Classified images for the second AOI)

Conclusions

The analysis allowed us to establish that SAR images have advantages due to their independence from weather conditions in the analysis of
afforestation and forest cover monitoring in conditions of anthropogenic and man-made deforestation, which is 1.5-2 times higher than the
natural forest growth. Radar satellite images show themselves well in detecting multi-temporal changes. The classification model using
machine learning also works on other forested areas. The remote analysis of such areas requires visual verification, but its usefulness is
obvious, because with this method of forest monitoring it is possible to find new areas where there are losses of forest plantations. It is
experimentally confirmed that the model that has been built can work in other AOI, which facilitates the task of classification. To improve
this model, it can be proposed to use more indicators for classification in order to improve the completeness and reliability of the result.

The SAR used one of the VH polarizations, which is
better at finding changes in vegetation because of its
properties.
A period of one year was chosen to compare and
monitor deforestation, with the first image taken in
March 2020 and the second in March 2021. In
addition, because of the properties of radar images,
namely the radio shadow it is necessary to use
images with almost the same tilt relative to the
surface, also the orbit - ascending or descending - is
important. Using the GEE application programming
interface , images were selected and new locations
where changes in the size and structure of forest
plantation areas occurred were obtained.
Considering the first AOI, on which the model was
trained, it is possible to notice new places where
forest plantations disappear, also it is visible that
some cuttings increase their area. Because of
features of SAR and polarization of images chosen
by us linear objects, namely road which passes in
our AOI are well visible.
In (Figure 2), green is the forest, and gray is the
place where it was destroyed due to anthropogenic
factors, such places can be easily distinguished from
natural ones because of their regular geometric
shape. Also interesting is the recognition of the
road, which runs through the forest, although we did
not set ourselves such a goal, but part of the road
was recognized as the absence of the forest, which
is so. It is interesting that the road that runs from
northwest to southeast was not recognized. This is
due to the angle of inclination and direction of the
orbit in relation to linear objects on the AOI. The
variation in the amount of bounced radiation from a
SAR satellite depends primarily on the underlying
surfac.

The analysis showed that the raw satellite images 
can be used to verify the model and visually 
compare how well it shows changes in the forest 
cover. For this purpose, the raw SAR image can be 
displayed 
in GEE (Figure 3) by applying a stretching 
histogram to it. On the image, for clarity, the areas 
where statistically significant changes occur are 
highlighted in red.
Then, to check the plausibility of the model, we can
run the processing script on another AOI; this zone
was chosen close to ours to reduce error due to
different vegetation types, tree heights, and soil
types. The script was rerun and worked as expected,
it found new losses in forest biomass.
In (Figure 4) you can see how the afforestation of
the area is evolving, some areas are getting larger
and you can clearly see how the forest area is
decreasing.


