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CALCULATION OF FOREST COVER CHANGE USING LANDSAT SATELLITE
SERVICE AND R PROGRAMMING AND DATA ANALYSIS LANGUAGE

The problem of calculating the change in the level of forest cover in a selected forestry is considered. It is stated that the
authors previously developed software for calculating forest cover and processing information on forest stands using the example of
a village in the Kharkiv region. Calculations for comparing forest cover over several years using the Global Forest Watch resource,
which marks in different colors the places where new stands are planted or existing ones are cut down, are also described. A
number of features and shortcomings of this resource are identified. To improve the calculations, it is proposed to use satellite
images of the Landsat / TimeSync project. Images of a separate forestry were taken from this resource for the period from 1984 to
2024. The resulting images were loaded into the updated application, then divided into parts (sections). The model previously
created by the authors with a list of input factors containing indlicators of the percentage of green color in the selected area and in
neighboring areas for three years (the significant and the previous two) was chosen as the basis for the forecasting model. The
predicted factor is the percentage of green color in the studied area. The formulated problem is proposed to be solved by the
method of artificial neural networks in the environment of the programming and data analysis language R. A script was created in
this language that not only builds an artificial neural network but also determines the best architecture and effective method of
training a neural network for the selected data set. The calculation of the change in forest cover on the site is presented; a forecast
is made for the last year, which provides an error of 2.3%. It is determined which architecture of the neural network provides the
best result. The results of the calculations indicate high accuracy of the forecast.

Keywords: level of forest cover, deforestation, Global Forest Watch, LandSat, TymeSync, color saturation, forecasting,
artificial neural networks, R- language.

MEJIbHUKOB Onekcanap, IEHUCEHKO Bikropis

Jlonbacbka ep)kaBHA MalIMHOOYMiBHA aKaJeMist

PO3PAXYHOK 3MIHM PIBHA JIICUCTOCTI 3A JOITOMOI'OIO
CYIIYTHUKOBOT 'O CEPBICY LANDSAT I MOBHU ITPOI'PAMYBAHHA TA
AHAJII3Y JAHUX R

Po3rng4acTbCs 3a4a4a po3paxyHKy 3MiHN PiBHS JICUCTOCTI Ha 06paHoMy JliCHULTBI, HaBegeHo, o asTopamu 6ys10 paHile
PO3POBIIEHO MPOrpamMHe 3abe3rneyYeHHs 415 PO3PaxyHKY JIICUCTOCTI Ta 0OpO6IEHHS IHGOPMALIT rpo J1iCOBI HACaKEHHS Ha MpuKaaai
ce/miya XapkiBcbkoi 0671acti. TaKox OrnmMcaHo po3paxyHku LUOAO [OPIBHSHHS JIICUCTOCTI 3@ AEKIIbKa POKIB 3 BUKOPUCTAHHSIM
pecypcy Global Forest Watch, akui pisHuMu Ko/ibopamu Bi3HAYAE MICLS, A€ 3AIMCHIOETBC BUCAMKEHHS HOBUX HAcafKeHb abo
BUPYBYBaHHS HasBHUX. BUSBIEHO HU3KY OCOB/IMBOCTEN Ta HELOMIKIB LbOro pecypcy. /[ MOKDALYEHHS pPO3DaxyHKIB
3ariporioHOBaHO BUKOPUCTAHHS CYITyTHUKOBUX 3HIMKIB MPOEKTY «Landsat» / «TimeSync». 3 yboro pecypcy 6y B3STi 300paKeHHS
OKpeMOoro siicHnyTea 3a nepiog 3 1984 no 2024 pokw. OTpUMAaHi 306paKeHHs 3aBaHTaXyBa/mcs 4O OHOBJ/IEHOIO JOAATKa, 10TiM
BUKOHYBABCS pO3r104i/1 Ha YacTvHu (4IISHLI). 3a OCHOBY MOZEJT MPOrHO3yBaHHS O6PaHO pariie CTBOPEHA aBTOpamMu MOJESb 3
TIEPESTIKOM BXIAHUX QAKTOPIB, LLO MICTATH [TOKA3HNKHU BIJCOTKA 3E€/IEHOM0 KOJIbOPY Ha OBPaHivi INSHLI Ta HA CYCIAHIX 3 Her 3a Tpu
POKH (BU3HAYHMY Ta ABa 1ONEPESH;). [porHo30BaHmii (paKkTop — 3HaYEHHS BIACOTKA 3E€/IEHOIO KO/IbOPY HA AOC/TIAXYBaHIN AiHL.
CapopmyriboBaHy 3afady 3arporoHOBaHO PO3BF3aTH METOLOM LUTYYHUX HEVDOHHUX MEPEX Y CEPEAOBULLI MOBU IPOrpaMyBaHHs Ta
aHamsy Aarnx R. CTBOPEHO CKPUIT L€ MOBOIO, LU0 HE Tiflbkv ByAye LITYYHY HEUPDOHHY MEDEXY, a LYe BU3HAYAE HauKpally
apXITEKTYPY Ta EQEKTUBHMY METO4 HABYAHHS HEVPOHHOI MEDPEXI A/ 06PaHoro Habopy AaHux. HaBEAEHO pPO3paxyHOK 3MIHM
JNCHCTOCTI Ha AINSHLY, 3POBJIEHO MPOrHO3 HA OCTaHHIU Ik, L0 336e3reqye noxvoKy y 2,3%. BU3HAYEHO, IKa camMe apXiTekTypa
HEVIDOHHOI Mepexi 3abe3neyye Havkpalymi pe3ysibTar. Pe3ysibTatv po3paxyHKIB CBIAYATE [P0 BUCOKY TOYHICTb TPOrHO3YBAHHSI.

Kmtodosi crioBa. piseHb sicucrocti, Global Forest Watch, LandSat, TymeSync, KosbOpoBa HAaCU4YeHICTb, MPOrHO3yBaHHS,
LTYYHI HEVPOHHI MEPEXT, MOBa R

Introduction
The issue of forest protection is always the most relevant [1]. Significant assistance in this can be provided
by the creation and use of specialized software for calculating changes in the percentage of forest cover, processing
information on forest stands and detecting illegal logging, as well as predicting changes in forest cover in individual
forestry areas.

Analysis of the subject area

A number of authors, in their own works, described the application of various methods of mathematical
modeling and the use of information systems and technologies for calculating the state of forest stands. For example,
in work [2], in order to find ways to increase the area of the nature reserve fund of the Poltava region, the issue of
the influence of reserve indicators and territorial forest cover of individual territorial units as the main indicators of
environmental assessment was considered, and a comparative analysis of the indicators of environmental assessment
of individual communities was carried out among themselves and with the levels of values ??of these indicators at
the national and European levels. In work [3], the state of forest resources in Ukraine was investigated, a dynamic
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simulation model of the forest turnover system was created, the main factors influencing the development of forest
funds and their economic consequences were identified, and the main indicators of forest turnover were predicted.

The authors of this article previously developed special software — an information system for calculating
forest cover and processing information on forest plantations [4] using the example of the village of Spivakivka in
the Izyum district of the Kharkiv region [5]. A comparison of the forest cover level over a number of years was also
carried out [6], for which the World Forest Watch resource was used [7] — a specialized web application for
monitoring the forest cover of the planet in real time. This site contains images from NASA satellites for 13 years
(until 2013), which makes it possible to calculate the volume of lost and grown forests in different territories by
year. The authors took from it images of the Pridonetsk Forestry with conventional designations: blue shows the
territories where new forest plantations are being planted, and pink — where logging is taking place. To determine
the percentage of logging, it was necessary to calculate the percentage of pink in relation to others. This was
calculated in [8]. The disadvantage of this approach is that satellite images are only available for 13 years, up to
2013.

In [9], the degree of forest stand disturbance in the Carpathians for the period from 1984 to 2016 was
investigated using time series images obtained from Landsat satellite images using the TimeSync visualization tool.
The authors of [9] calculated the average forest cover of the studied area and listed the main disturbances associated
with both anthropogenic and natural factors. Therefore, it was decided to use resources [10—11] to obtain images of
the Pridonetsk forestry for 40 years, from 1984 to 2024 — see Fig. 1.
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Fig. 1. Landsat data for the ;illage of Spivakivka

Problem formulation and data preparation

To improve the previously created application [4] and make it possible to analyze changes in the level of
forest cover using big data, the goal was to create the ability to add an image loading module with its subsequent
processing. A brief description of the new functionality of the program is given - a module for predicting changes in
the level of forest cover of a separate forest using the Landsat satellite service in the existing application for
processing information about forest stands [12]. A new tab “Number of colors” has been added to the existing tabs
(Fig. 2). Data from the site [11] was prepared and saved to a folder. Using the “Open image” button, it is possible to
select the required year and image for processing from the list. Using the “Show colors” button, the user can visually
see which colors prevail in this image and the number of pixels of each individual color.
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@ [Nornaa 3a craHom micy

Basa JaHux Po3paxyHKM Mana KsagpaTu IcTopis nicy Keappatu KinekicTs Konsopis

Labell?7

MNokasaTk KonbopH Po3paxyBaTK HaCKYeHICh: BiOKpvTH KAPTUHKY ExcnopTysaTti 8B Excel

Fig. 2. "Number of Colors" tab

Since we do not need the general situation in forestry [6], but the situation in individual areas, each of the
downloaded images needs to be divided into parts in the form of regular rectangles, and then analyze the data for
each of these squares. The “Calculate saturation” button (Fig. 3) starts the data processing procedure for each
square, calculates the percentage of green pixels to the total number of pixels in the area. This percentage is added to
the corresponding cell of the table. To save the results for further processing, the user can save the data to an Excel
file.
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MoKaszaTh KonLopH Poapaxyaa'm HACKHeHic BiaKpWTH KapTMHKY EKCnopTysaTi B Excel

LlseT: RGB(101, 174, 57) - KonuuecTso: 3
LiseT: RGB(69, 112, 43) - KonuuecTso: 3

LiseT: RGB(82, 99, 47) - KonuuecTso: 3
LiseT: RGB(76, 107, 39) - KonuuyecTso:
LiseT: RGB(72, 106, 32) - KonuyecTeo:
LiseT: RGB(62, 102, 39) - KonuyecTso:
LiseT: RGB(97, 120, 48) - KonuuyecTso:
LiseT: RGB(21, 157, 47) - KonuyecTso:
LseT: RGB(71, 150, 31) - KOnMYecTso:
LiseT: RGB(70, 94, 42) - KonuuecTeo: 3
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Fig. 3. Calculation of saturation
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X1 X11m1 X12_ | X12mi | X12m2 | X13 X23 | X23mi | X23m2 | X31 X31ml | X31m2 | X32 | X32m1 X33 | X33m1 | X33m2
1986 89,24 96 98,87 | 10061 | 9377 91 87,36 | 91,99 | 8849 109 36,3 26,91 | 2938 | 60,74 S742 | 71,98 58,8
1987 96,61 89,24 96 100,23 | 98,87 | 10061 | 9575 9387 | 8736 | 9189 | 8431 108 363 76,57 | 2838 86,95 57,42 | 7188
1988 9584 | 9661 88,24 | 100,72 | 10028 | 9887 | 9581 96,04 | 9387 | 8736 | 70,04 | 8431 108 8215 | 76,57 9489 | 86,35 5742
1988 93,87 95,84 96,61 | 100,34 | 100,72 [ 100,29 | 93,62 92,63 96,04 93,87 78,58 70,04 84,31 79,99 9215 87 94,89 86,85
1990 9584 93,87 95,84 | 100,59 | 100,34 | 100,72 | 95,75 92,81 92,63 96,04 | 67,62 7858 70,04 85,4 79,99 7.8 a7 94,89
1991 100,14 | 100,59 34 5, 946 92,51 92 63 .93 762 | 78, 8442 694 761 77 87
1992 100,02 | 10014 ,59 | 96 94,87 948 92,51 5 ,93 7 8279 | 844 4,55 7 791
1993 99,75 | 10002 14 4! 92,2 94,87 946 .84 .85 3, 5968 | 82T 479 4, 87,61
1984 9938 | 88,75 .02 1, 8781 822 94 87 81 .84 5,4 4437 | 58,68 5,87 4, 84,55
19885 9,5 98,38 | 88,75 5,1 94,48 | 87.81 922 .63 81 3,84 | 7684 | 443 82,75 5, 7479
1555' 82,34 98,25 99,5 99,38 94,91 92,27 94,48 87,81 48,18 59,63 31,81 67,03 76,84 82,02 82,75 65,87
1997' 96,90 99,62 99,25 99,5 98,04 95,68 92,27 94,48 81,23 49,19 59,63 7895 87,03 8417 82,02 8275

1998 74,1 9824 | 99,62 2 2,15 93,49 5,66 | 922 40,09 | 8123 3 4337 | 7895 76,18 9417 | 8202 |
1999 59,4 96,74 | 9824 62 7 90,28 49 | 958 32,23 | 4009 F 5339 | 43,37 S 76,16 | 9417
2000] 82,5 9776 | 96,74 X 36, 9555 | 9028 | 93, 7784 | 3223 ) 7117 | 53,39 T 59,05 | 76,16
2001| 83,8 9763 | 87,76 56, 74 93,26 .55 | 802 8484 | 7784 > 86,02 | 17 77,34 | 58,05
2002| 62,88 9629 | 9763 | 9776 | 8562 9233 | 93,26 | 9555 | 54,23 | 8484 | 77,84 | 5738 | 86,02 78,34 | 77,34
2003 97,58 88,76 96,29 87,63 95,09 87,47 92,33 93,26 84,17 54,23 84,94 9568 57,38 72,32 78,34
2004 95,64 96,81 98,76 | 96,29 | 8942 96,56 | 97,47 | 9233 | 79,83 | 9417 | 54,23 | 87,18 | 9568 98,51 72,32
__2005) 5,64 96,81 36, 8 7t 89,4 96,56 6,56 747 | 79, 79, 94,17 | 8718 718 97, 85
06| 65 9579 36, 96,8 87,7 96,11 | 96,56 96,56 | 63, T 79,83 | 8654 718 97, 7.7
07| 14 9471 A 96, 8- 85,6 93,55 36,11 96,56 | 86, 63, 79,83 | 8562 36,54 95, 7.7
08| .72 92,94 3 5,7¢ 82,6 | f . 3 X 91,29 ,55 36,11 35, 86, 63,12 | 5527 5,62 77, 5,3
2008 68,72 9294 | 9234 | 8471 82,61 8261 8569 | 7628 | 7628 | 80,48 | 8126 | 91,29 | 9355 | 3538 | 3539 | 8666 | 5527 | 5527 7487 | 7736
2010 68,72 92,84 92,84 92,84 82,61 82,81 82,61 76,28 78,28 76,28 81,28 91,29 81,28 35,38 35,39 35,38 5527 55,27 74,87 74,87
2011| 78,55 8939 | 9294 | 9294 | 59,05 | 8261 82,61 7858 | 7628 | 7628 | 9297 | 91,29 | 9129 | 79,29 | 3539 | 3539 | 8227 | 5527 74,97 | 7497
12] 7,16 9066 | 89,39 | 9294 1,17 | 5905 | 8261 | 9281 7858 | 76,28 | 9405 2,97 | 9129 | 80,29 | 7929 | 35/ 7347 | 8227 848 7497
13} 4,54 87,7 90,66 | 89,39 7,33 | 6117 | 59,05 | 66,94 | 9281 78,58 | 90,21 4,05 | 9297 | 83,32 | 60,29 | 79, 68 73,47 84,46 84,8
__2014] 6266 89,03 877 80,66 7,586 | 5733 | 61,17 | 6585 | 66,94 | 9281 88,83 0,21 8405 | 3844 | 6332 | 60, 4765 68 69,86 | 8446
15 5,46 80,71 89,03 87,7 1,01 5758 | 57,33 | 8462 | 6585 | 66,94 | 52982 8,83 | 8021 79,96 | 3844 | 63, 8517 | 4765 6574 | 6386
2015' 67,87 80,32 | 80,71 83,03 | 60,24 | 6101 5758 | 7252 | 8462 | 6585 | 9134 | 92,92 | 8883 | 3688 | 7396 | 3844 | 6119 | 8517 91,77 | 6574
2[|17| 88,23 92,11 90,32 90,71 84,86 | 60,24 | B1,01 86,16 7282 84,82 94,41 91,34 92,92 85,89 36,88 79,98 8496 | 8119 68,43 91,77
2018 73,50 9145 | 9211 90,32 | 61,58 | 6486 | 80,24 | 7094 | 8616 | 72,52 | 9111 94,41 91,34 | 66,15 | 8589 | 36,88 | 7811 84,96 9222 | 6843
73,74 & 91,45 | 921 .68 1,58 4, 73/ 70,94 ,16 | 92,74 il 4,41 48, 66, 8589 | 5635 | 7811 73,52 | 9222

88,77 05 | 89,48 | 914 ,83 3,68 1,/ 76, 73,29 94 | 90,82 74 1,11 44, 46, 66,15 | 7359 | 56,35 85,57 | 73,52

73,65 7. 8175 | 894 56,51 5,83 3 75, 76,12 .28 | 8075 82 274 | S5, 44 46, 61 73,59 70,74 | 8557

22| 82,58 B! 81,72 | 817 .04 36,51 5,4 88,96 7521 .12 | 88,63 .75 082 | 80/ 55, 44, 7848 618 85,55 70,74
2023| 86,21 1 88,85 | 81,72 732 64,04 | 66,51 8575 | 89,96 | 7521 93,8 88,63 | 80,75 | 8104 | 8069 | 5528 | 7607 | 7848 93,42 | 8555
2024 78,12 83,32 91 88,85 33.81 732 84,04 82 85,75 89,96 839 938 8883 | B528 91,04 80,69 7082 78,07 88,35 93,42

Fig. 4. Data for 40 years

Problem solving using artificial neural networks
Next, the question arises of calculating the change in the percentage of forest stands in the selected area.
This can be done in various ways. First, use regression analysis - apply a regression equation (linear, polynomial,
exponential, etc.) separately to the values of each square, as well as for the entire forestry. But, as shown in Fig. 5,
no single equation is suitable for predicting the percentage of deforestation in the entire forestry.
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Fig. 5. Forecasting with regression equations

Another way is to use the method of artificial neural networks [13]. As input factors for this method, we
can consider, firstly, the indicators of green color saturation in the studied area in the current year and for several
previous years (let this value be equal to two), and secondly, the same indicators of saturation of neighboring
squares from above, below and diagonally - the problem is formulated in [14—15]. Since we have values for 9
squares for three years, the number of factors will be equal to 27 - these are 26 inputs and 1 output, which contains
the values in the studied area:

X X, X

v = rlx ot X332 )

Oml> " 0m2° 11’

After processing the data according to formula (1), we obtain the result already shown in Fig. 4.

The R programming and data analysis language was used to perform the calculations [16]. A script was
created that performs calculations using the artificial neural network method and allows determining a more
attractive network architecture and a more effective network training method for the selected data set [17].

The calculation of the change in forest cover (i.e., green color saturation) in a separate plot is given in Table

1 (test sample). It can be seen that the average error is 4.7%.
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Table 1
Results of calculating the level of forest cover on a separate site

Pik Y Res error

1987 88.31 85.78 0.05896
1989 89.62 91.13 0.03524
1991 89.87 91.59 0.04016
1992 88.24 88.73 0.01147
1995 84.55 82.92 0.03804
1996 82.34 86.27 0.09184
2002 62.98 64.39 0.03301
2012 87.16 89.94 0.06492
2013 64.54 65.60 0.02486
2020 68.77 71.35 0.06024
2022 82.59 85.91 0.07742

After running the script for different parameters, it was found that the best result is provided by a
perceptron with an architecture containing two hidden layers with two neurons in each of them (Fig. 6). The
calculation results indicate high accuracy, the use of this perceptron for forecasting for the last year showed an error
of 2.3% (Table 2).

Table 2
Prediction results on the selected MLP square 26x2x2x1

N Y Res error

2024 76.12 75.62 0.02335
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Fig. 6. Neural network architecture MLP 26x2x2x1
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Conclusions

The calculation of the change in the level of forest cover was performed using the Landsat satellite service,
the TimeSync visualization tool, and the R programming and data analysis language. The method of artificial neural
networks was used to solve the forecasting problem. A script was created in the R language that not only performs
calculations, but also allows you to determine the best architecture of the neural network and more effective ways of
training it for a specific data set. It was found that for the available data, the best result is provided by a perceptron
with an architecture containing two hidden layers with two neurons in each of them when using the smallest
absolute gradient learning method. The dynamics of forest cover change in the selected area was calculated, the
forecast error for the last year was 2.3%.
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