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Abstract. The increasing demand for forest resources leads to overexploitation to a greater
extent, raising the alarm for the environmental consequences. The excessive use of forest
resources results in deforestation, which needs to be addressed for maintaining the natural
ecosystem balance. This research focuses on the deforestation analysis of a territory in the Tartar
district in Azerbaijan. The changes in the forest area have been analyzed using the high-
resolution Azersky satellite datasets for the three alternative years, 2017, 2019, and 2021. Two
classification approaches, namely Random Forest (RF) and NDVI- based interactive supervised
classification, were implemented for this purpose. The statistical analysis of the results indicates
the gradual decrease in the forest area from the year 2017 to the year 2021, which has been
evaluated by visual interpretation through the change maps of the forest area. From RF
classification results, it has been observed that there has been an overall decrease of 9.5% from
2017 to 2021. Also, the NDVI-based interactive supervised classification approach indicates an
overall deforestation rate of 4.79% from 2017 to 2021. This work shows that the forest area in
the study region has considerably reduced over the years, and there is a need to closely monitor
deforestation in the considered study area.

Keywords: forest change analysis, image classification, random forest, NDVI-based interactive
supervised classification

1. Introduction

Deforestation is a matter of concern at a global level as it results in the loss of biodiversity and affects
the lives of the people living in the ecosystem [1]. Frequent activities like the lopping of woods and
illegal poaching are responsible for the degradation of forest areas [2]. The extent of deforestation is
how the forest area has been affected while carrying out ecological activities [3]. Remote sensing
techniques have been the economic source of high-quality datasets for earth surface monitoring over the
past ten years [4]. Remote sensing techniques provide robust and time-efficient solutions for the large-
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scale monitoring of the forests compared to the ground surveys [5]. Remote Sensing and GIS methods
have been widely used to classify Land Use and Land Cover (LULC) with the aid of different types of
datasets. Deforestation can be monitored and quantified with the satellite datasets from different
timestamps, suitable to the scale of the analysis [6].

Among all categorization methods, supervised classification, unsupervised classification, random
forest, and fuzzy classification are the most employed for image classification [7,8]. The rapid rate of
ongoing developments has led to the overexploitation of natural resources resulting in deforestation,
soil erosion, forest fires, etc. [9]. The primary factors accounting for deforestation are rapid
socioeconomic developments, urbanization, expansion of agricultural land, and increasing demand for
forest products which led to forest exploitation over the global scale [10]. The various organizations
over different regions have constantly monitored the reduction in the forest area.

Out of numerous novel solutions for mapping and monitoring the forest land cover, a digital image
classification approach was selected for this project. In this work, Azersky satellite data from 2017,
2019, and 2021 were used for the classification using the Normalized Differentiation Vegetation Index
(NDVI) based on supervised interactive classification and the Random Forest (RF) approach [11]. As
the work focuses on the forest area only, all the datasets were classified into two major classes, namely
forest and non-forest. A supervised classification method was implemented with ten training samples
for each class for both approaches. The change in the forest area has been calculated with statistical
means and supported by the visual inspection of the maps showing the change detection over different
time stamps.

2. Study Area and dataset description

The study area was a forest territory in the Tartar district in the Upper Karabakh region in Azerbaijan.
The extent of the selected forest region is about 11377874 m? and is mainly contributed by vegetation,
bare land, and a water body. The alarming rate of deforestation in the Tartar district around the selected
territory was the key motivation for this work with this study area.

The dataset for three different years was used for the deforestation analysis in this work. The
multispectral datasets from the Azerksy satellite with a resolution of 6m for the years 2017, 2019, and
2021 were provided by the department of earth observation, Azercosmos, for this work. The dataset is
shown in figure 1.

Study area in natural RGB band combination (year 2021) .Q

1:30,000

Figure 1: Study area dataset for the year 2021 shown in natural RGB band combination
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3. Methodology workflow

3.1. Data pre-processing:

The raw dataset from Azersky for the study area had a black background that was contributed by pixel
with zero values, and it was unnecessary for the classification purpose. In the initial processing step, the
background was removed from all three datasets to maintain the homogeneity of the forest and non-
forest pixels. This step was carried out in ArcMap software with the "Copy raster" tool.

3.2. Image classification with NDVI-aided interactive supervised and RF approach

NDVI was calculated for all the three-year datasets, and the image was re-classified based on a cut-off
value of 0.6 for the high vegetation/forest class. All the pixels with NDVI values >0.6 were classified
into the forest and other pixel values into non-forest. Training samples were collected from the datasets
based on NDVI values for three corresponding datasets. For the supervised classification, twenty
training samples for each class were considered with distribution throughout the study area, followed
by interactive supervised classification in ArcMap software.

The supervised RF classification approach was selected because of its faster execution time and better
accuracy as the second approach for classification in this work. The SNAP software was used for the
execution because of the simplified user interface and faster processing. TiFF files from the pre-
processing step were used as input in this step. Twenty training samples were collected for each forest
and non-forest feature class based on the spectral profile of the datasets. Supervised RF classification
was then implemented on all three datasets, and a classifier accuracy report was generated.

3.3. Forest area calculation

All the classified raster images are converted to Vector shapefiles using the "raster to polygon" data
conversion tool in the ArcMap system toolbox. Since converted vector shapefiles are in the Global
Coordinate System (GCS) WGS 1984 system, they need to be reprojected in the Projected Coordinate
System (PCS) for the geometry and area calculations. The area was calculated using the "calculate
geometry" tool from the attribute table in ArcMap software. Finally, all the attribute tables were exported
as a .txt file in Microsoft Excel for the analysis and area calculations.
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Figure 2: Methodology flowchart
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4. Results

High-resolution Azersky datasets were classified into "Forest," and "Non-Forest" classes with NDVI-
aided supervised classification and Random Forest classification. The classified image datasets are
represented in figure 3.
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Figure 3: Classified datasets with NDVI-based supervised interactive classification (above) and
random forest classification (below)

The change in forest area was calculated for all the classified datasets, and net change was analyzed
from the year 2017 to the year 2021. The forest area was calculated from the attribute tables of the
classified datasets, and deforestation was evident from the results of both classification approaches.
Some misclassified pixels in both approaches might contribute to other classes. The forest area results
from table 1 indicate the deforestation in the selected area at a rate of 3.67% and 9.50% with interactive
supervised and random forest classification approaches, respectively.

Table 1: Forest area calculated from classification with Random Forest and NDVI-based interactive supervised

approach
Random Forest classification Approach NDVI-based interactive supervised
Year classification approach
Forest area (m?) Forest area (m?)
2017 7940616 7291340
2019 7732537 7206421
2021 7185180 6941613
Net change 9.50% 4.79%
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Figure 4: Change in area maps a) years 2017-19 b) years 2019-21 ¢) years 2017-21 with random forest
classification approach

Deforestation was observed in the selected region from the statistical analysis of the classified
datasets throughout the years 2017 to 2021. Overall decrease of 349,727 m? forest area was observed
with the analysis of classification results from NDVI-aided interactive supervised classification
approach, whereas with Random Forest approach, a decrease of 755,436 m? was observed. The net
change is different for both approaches because of different classification algorithms and accuracy. The
visual interpretation from the change maps in figure 4 also supports the deforestation from 2017 to 2021
in the selected region.

5. Conclusion
The statistical analysis of the results indicates the decrease in the forest area from the year 2017 to the
year 2021, which is supported by the visual interpretation through the change map of the forest area.
From random forest classification results, it has been observed that there has been a reduction in forest
area by 2.7% between years 2017-19 followed by a further fall by 7.07% between years 2019-21 with
an overall decrease of 9.5% from years 2017 to the year 2021. The interactive supervised classification
approach results also indicate deforestation with a reduction in forest area by 1.17% between years 2017-
19 followed by further decrease in forest area by 3.81% during years 2019-21 and a net decrease of
4.79% during the years 2017-21. The results from random forest classification can be accepted for this
work as it is based on many self-learning decision trees and is more robust than a single decision tree.
Further, the datasets can be classified into more feature classes like bare land, road, built up, etc., to
analyze the causes of deforestation and sustainable planning and development in the Tartar district in
Azerbaijan. Also, the Unmanned Aerial Vehicles (UAVs) can be employed for the forest monitoring
and to analyze the deforestation situation in real-time.
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