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Abstract

Sentinel-2 mission, as a part of European Space Agency Earth Observation Program
Copernicus, designed specifically for Earth surface observations provides images in 13
bands. That imaging is used to analyse many subject areas as Land monitoring, Emergency
management, Security and Climate change. In the presented paper the application of
Sentinel-2 data for automatic forest cover changes detection has been analysed. As input
data, B02, B03, B04 and BOS8 bands have been used to compute Normalized Difference
Vegetation Index (NDVI) and Enhanced Normalized Difference Vegetation Index
(ENDVI). To track changes in the forest cover over the years, for each pixel the difference
in the value of vegetation indices between consecutive years have been calculated. Then
the threshold was set at the level of 0.15. The values of differences above the threshold
mean a significant decrease in the quality of vegetation and may be considered areas of
deforestation.
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1. INTRODUCTION

Sentinel-2 is a satellite mission launched as part of the Earth Operation (EO)
program by the European Space Agency [1]. As part of this program, two twin-
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satellites were launched that perform imaging with high resolution and high revisit
frequency (5 days at the equator). Satellites (SENTINEL-2A and SENTINEL-2B)
operate simultaneously on the same orbit phased at 180° at a mean altitude of 786
km. To ensure high quality of the position of the satellites, they are positioned
using dual-frequency GNSS receivers. Each satellite is equipped with a
MultiSpectral Instrument (MSI) with a Field of View (FoV) of 290 km [2]. MSI
works passively so it receives sunlight reflected from the Earth's surface. Inside
the MSI, the light beam is split into two separate focal planes by a filter. One of
the focal planes is responsible for the Visible and Near-Infra-Red (VNIR) bands
and the other one for the Short Wave Infra-Red (SWIR) bands. In total, as a result
of the operation of satellites, 13 bands are recorded. Four visible and near-infrared
bands with 10m spatial resolution, six red edge and shortwave infrared bands with
20 m spatial resolution and three atmospheric correction bands with 60 m spatial
resolution (Table 1) [3].

Table 1. The spectra bands and their resolution for Sentinel-2 MultiSpectral Instrument

BAND SPECTRAL REGION CENTRAL RESOLUTION
NAME WAVELENGTH ™)
(MM)
B1 Coastal aerosol 0.443 60
B2 Blue 0.490 10
B3 Green 0.560 10
B4 Red 0.665 10
B5 Vegetation Red-edge 1 0.705 20
B6 Vegetation Red-edge 2 0.740 20
B7 Vegetation Red-edge 0..783 20
B8 NIR (Near-InfraRed) 0.842 10
B8A NIRn (Near-InfraRed 0.865 20
narrow)
B9 Water vapour 0.945 60
B10 SWIR - Cirrus 1.375 60
(Shortwave infrared)
B11 SWIR 1 1.610 20
B12 SWIR 2 2.190 20

Sentinel-2 imaging is used to analyze many subject areas. They mainly include:
Land monitoring, Emergency management, Security and Climate change [4-7]. It
is a tool that is used commonly to analyze changes in land use and to analyze areas
of drought [8-11]. Imaging is also very popular in the analysis of green vegetation
due to the spectral response of chlorophyll [12-14]. Healthy vegetation, thanks to
the high content of chlorophyll, strongly absorbs the blue band (0.490 um) and
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the red band (0.665 pum) and reflects the green band (0.560 um). At the same time,
healthy vegetation strongly reflects the NIR bands (0.842 um) [15]. The way of
absorption and reflection of individual bands differs depending on the vegetation,
therefore multispectral analyzes can be used to determine the types of vegetation
that cover a given area. At the same time, many analyzes are performed to
determine changes in the afforestation area or the state of the tree cover [18-22].

In recent years, there have been changes in forest management in Poland.
These changes also concerned the Bialowieza forest which is one of the largest
primeval forest landscapes in Europe. As a result of these changes, there was a
significant felling of trees in the Bialowieza Primeval Forest in 2017, along with
subsequent smaller felling in the following years. According to information
provided by GreenPeace, about 180,000 trees were cut down during the felling in
2017 [22]. Accurate determination of terrain deforestation is a difficult task
without the possibility of field research. However, in the framework of the
presented research, such an attempt was made. Analyzes of radiometric indicators
were performed to determine changes in the forest cover of the part of the
Bialowieza Primeval Forest located within the Polish borders. The studies covered
the period from 2015 to 2020. The analyzes allowed to detect in which areas in a
given year there was a significant change suggesting logging, and in which areas
the quality of vegetation improved.

2. VEGETATION INDICES

The vegetative state of plants can be evaluated using multiple indices. The values
of these indicators are obtained on the basis of an appropriate combination of
values recorded on individual bands. Below there is a sample of 10, described in
the literature, indices. Chosen values are commonly used for the assessment of
various aspects of vegetation cover.

1. Enhanced Vegetation Index [23]

NIR — Red
NIR + (6 xRed) — (7.5 xBlue) + 1

2. Enhanced Normalized Difference Vegetation Index [24]

EVI = 25x

(NIR + Green) — (2xBlue)
ENDVI =
(NIR + Green) + (2xBlue)

3. Green Difference Vegetation Index [25]

GDVI = NIR - Green
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4. Normalized Difference Vegetation Index [26-28]

NDVI — NIR — Red
" NIR + Red

5. Green Atmospherically Resistant Index [29]

NIR — [Green — y(Blue — Red)]
NIR + [Green — y(Blue — Red)]

6. Green Ratio Vegetation Index [30]

GARI =

GRVI =

Green
7. Leaf Area Index [31,32]
LAl = 3.618xEVI- 0.118

8. Renormalized Difference Vegetation Index [33]

NIR — Red
VNIR + Red
9. Soil Adjusted Vegetation Index [34, 35]

RDVI =

SAVI — 1.5 x (NIR — Red)
" NIR+ Red + 0.5

10. MERIS Terrestrial Chlorophyll Index [36, 37]

NIR — Redyqge

MTCI =
Redgq4e — Red

Where Red g4 is the B6 band.

In the presented study, two indices were selected to examine the condition of the
tree cover and the anomalies of tree felling in the presented research. These
include NDVI and ENDVI. These coefficients were selected because, according
to the sources, they are best suited for this type of research [38-41].

NDVI is one of the most commonly used indices dedicated for the evaluation of
vegetation. The index is normalized so for green areas it varies from 0 to 1.
Depending on the day of the year and the climate, the value of this index for the
forest should be in the range from 0.5 to 0.9. NDVI is not a physical quantity, but
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it is correlated with the physical properties of the vegetation. It is based on the
assumption that vegetation absorbs most of the visible light and reflects near-
infrared bands. NDVI has applications in forest research, agriculture and
ecological research [26 — 28, 42 - 46].

The Enhanced Normalized Difference Vegetation Index (ENDVI) has been
developed by LDP LLC Carlstadt. This index uses the sum of the reflection of the
NIR and green bands and its relation to the value of the blue band. The use of the
blue band results from the increased absorption of this part of the electromagnetic
wave spectrum by chlorophyll. This index has been used in many areas, but most
often it can be found in agricultural applications [47 - 48].

3. MATERIAL AND METHODS

The study was carried out for the Bialowieza Primeval Forest (Figure 1). Part of
the forest is the Bialowieza National Park, where 57 % of the area is under strict
protection and 39% is under active protection so, forest fleeing is there forbidden.
However, in the remaining areas, standard forest management can be carried out
and there is no additional legal protection. In recent years, this area has been
subject to intensive felling. Therefore, the author of this article will try to
investigate how the data from Sentinel-2 is useful for detecting and examining
such changes.

The period from 2015 was selected because the satellites of the system were
launched this year and the previous data from this system is not available.
Obtaining good quality observational data for tested area was a problematic task
because, at latitudes where the studied area is located, there are frequent clouds.
Therefore, despite the high time resolution of the Sentinel-2 satellites, the images
often had to be mosaic from several consecutive sections before being subjected
to proper analysis. Data for June was collected for each year. The June data shows
the time of intensive growth, however, they are collected immediately after or
during logging. At the same time, there is a possibility of intense green lower
vegetation that can disturb the image of the forest felling.
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Fig. 1. Bialowieza Primeval Forest with Bialowieza National Park

The level-1C (top-of-atmosphere reflectance) images were downloaded
from the Copernicus server, therefore the atmospheric correction had to be applied
to obtain the level-2A sets (bottom-of-atmosphere reflectance). This task was
performed using the Sen2Cor [49] script provided by ESA. At the same time
images were often cloudy, therefore cloud masking and mosaic had to be done
with the use of neighboring satellite images. Usually, it was enough to use the
imaging taken from the second satellite of the system (3-days apart). This task was
performed using the "Semi-Automatic Classification Plugin" available as a free
open source plug in for Qgis software. Then, in "Sentinel image processor" (own
software), the bands B2 (Blue), B3 (Green), B4 (Red), and B8 (NIR) were used to
calculate the NDVI and ENDVI values. In this way, images with a spatial
resolution of 10m were obtained. The resulting images were cropped to the border
of the Biatowieza Primeval Forest, excluding the Biatlowieza National Park.
Finally, 6 NDVI raster images and 6 ENDVI raster images were obtained
(Figure 2).
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Fig. 2. NDVI raster image (left) and ENDVI raster image (right) examples

The aim of the study was to determine the vegetation state of the forest as
well as to detect forest cover anomalies that could be interpreted as forest felling
and determine their range for the entire forest area. Therefore, it was necessary to
detect anomalies in the values of the NDVI and ENDVI indices for the following
years. For this purpose, differentiation of raster images from the appropriate
months for successive years was performed. Each obtained differential raster
image contained the respective differences in the values of the NDVI or ENDVI
coefficients for the successive years (Figure 3). Totally 5 images of NDVI
differences and 5 images of ENDVI differences were obtained.
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Fig. 3. NDVI differential raster image (left) and ENDVI differential raster
image (right) examples

On the obtained images, values close to 0 mean that the quality of
vegetation did not change significantly in the following years. Positive values
from 0.15 and the highest mean a significant decrease in the quality of vegetation
and may be considered areas of deforestation or destruction of the forest cover. In
figure 3, values close to 0 (-0.15 to 0.15) are marked in grey, while pink to yellow
indicates areas with values above the set threshold value and green is used for
negative values below -0.15. The threshold value was established based on known
places where forest clearings were performed and the values of NDVI differences
that were obtained there. The same applies to the negative values which suggest
that the vegetation quality has improved in a given area. However, it should be
remembered that this is not synonymous with the regrowth of forest in a given
area, but with an increased intensity of green compared to the previous year. This
value may be related to the growth rate of lower vegetation in a given year
depending on the weather conditions. Then, on the basis of the obtained results,
the areas of anomaly for both indexes in the following years were calculated and
analyzed. The diagram of the processing steps is shown in Figure 4.
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Fig. 4. Sentinel-2 image processing flowchart

4. RESULTS AND DISCUSION

The purpose of the presented study was to assess the suitability of Sentinel-2 data
for automatic forest cover changes detection. As mentioned earlier, the NDVI, as
well as ENDVI differential raster images from the same seasons for subsequent
years of the Sentinel2 mission, were used for this purpose. The study assumes that,
on the basis of the detected anomalies in the calculated indices, it is possible to
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detect the locations of the cuttings and the places where the quality of the green
cover has decreased at the studied area. Below there are pictures of an exemplary
area of land where tree felling was carried out during the analyzed period of time
(Figure 5 and Figure 6). The left column of Figure 5 shows the images from B2,
B3 and B4 bands for subsequent years, while NDVI and ENDVI indices raster
images are presented in the middle and right column. The differences in the

analyzed indices (NDVI and ENDVI) between consecutive years are in Figure 6.
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Fig. 5. An example of tree felling visible on subsequent RGB, NDVI and ENDVI raster
images
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Fig. 6. An example of tree felling visible on subsequent differential raster images

As can be seen in Figures 5 and 6, in the area under consideration, the first
logging was carried out between 2016 and 2017, and subsequent logging in
subsequent years until 2020. In the forests of the temperate zone, after cutting
down tall trees, the process of intensive growth of the undergrowth vegetation
begins, and later it is overgrown with a new tree stand, naturally sown or planted.
It can be troublesome to clearly distinguish between shrub vegetation or young
trees and an old stand on the basis of vegetation indices. Therefore it is appropriate
to compare the coefficients in successive years in order to capture the moment of
cutting. On the other hand, if the overgrowth was slow or the area was plowed in
the meantime, the picture of NDVI and ENDVI anomalies will persist in the
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following years (ex. Figure 5, the year 2017 and 2018). That is why, to track
changes in the forest cover over the years, it is appropriate to use the differences
in vegetation indices between consecutive years. The use of vegetation indices
differential raster images allows for automatic detection of forest cover changes
that have occurred between subsequent years.

Automatic detection of deforestation on the basis of differential raster
images requires limiting the analyzed area strictly to the originally forested area.
For this purpose, the Sentinel-2 granules were clipped to the area of Biatowieza
Primeval Forest. Additionally, built-up areas were excluded from the study,
together with the adjacent agricultural areas. The area of non-forested banks of
the Lesna River was also problematic. In the case of years 2015 to 2019, the
difference between this area and a dense forest, even visible in RGB images, is
almost imperceptible in terms of the NDVI or ENDVI indices raster images
(Figure 7). In 2021, there is a significant decrease in the value of indices of
vegetation for this area, caused by drought, which difference on the differential
raster images takes the same values as the tree felling. For this reason, the

mentioned area was manually excluded from the study.
RGB 2015

STOZ INAN

6T10¢ INAN

Fig. 7. NDVI anomaly of non-forested banks of the Lesna River
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In the conducted research, the NDVI and ENDVI difference raster images
were developed for the Bialowieza Primeval Forest area (Figures 8 and 9). Some
statistics of those differential images have been prepared and presented in Table

B Ny M

2.

2015 - 2016 2016 - 2017 2017 - 2018

‘ ‘ NDVI differences
. » ! < -0.15
|

-0.15-0.15
0.15-0.34
0.34 - 0.53
0.53-0.72
> 0.72

2018 - 2019 2019 - 2020
Fig. 8. NDVI differential raster images of Biatowieza Primeval Forest
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EN DVI differences

< -0.15
-0.15-0.15
0.15-0.34
0.34 - 0.53
0.53-0.72
> 0.72

2018 - 2019 2019 - 2020
Fig. 9. ENDVI differential raster images of Bialowieza Primeval Forest

Based on the analysis of the obtained differential raster images, it can be
concluded that the NDVT indicator is better suited for finding logging areas than
ENDVL
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Fig. 10. The summary NDVI (left) and ENDVI (right) raster images

Table 2. Detected logging statistics

Differenced Pixels classified Area Percent of
years as logging [km?] total area
NDVI
2015 -2016 51416 5.1416 1.03
2016 -2017 73139 7.3139 1.46
2017 -2018 51689 5.1689 1.03
2018 -2019 43817 4.3817 0.87
2019 -2020 71624 7.1624 1.43
ENDVI
2015 -2016 20169 2.0169 0.40
2016 -2017 62580 6.2580 1.25
2017 -2018 48350 4.8350 0.96
2018 -2019 40255 4.0255 0.80
2019 -2020 100261 10.0261 2.00

A summary NDVI raster image and a summary ENDVI raster image were
used to present the full picture of the tree logging carried out in the analyzed area
in the years 2015-2020 (Figure 10). In the raster, the red color is given to pixels
which in any year have been qualified as corresponding to the logging.
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