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Abstract. The Forest covers 8 percent of the land in Mongolia. In the last 20 years, 1.2 million ha area has been lost
due to forest fires, pests damages, and illegal cutting. There are many ways to determine the state of forests in Mongo-
lia, but there is an urgent need to introduce new technical and technological achievements that have appeared in recent
years. This study focuses on assessing the potential of Sentinel-2 satellite images and the Random Forest (RF) classifier
for mapping forest cover in part of the Bayan Davaa forest in Mongolia.
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Introduction

Remote sensing satellite images are considered one
of the most important data sources for land use/cover
mapping [1] due to their extensive geographical coverage
at an efficient cost while providing irreplaceable information
on the earth’s surface [2]. Land use/cover maps are usually
produced based on remote sensing image classification
approaches [3], [4], [5]. In the visible spectrum (VIS,
approximately 400—700 nm) leaves are mainly absorb-
ing light due to the presence of foliar photosynthetic chloro-
phyll a and b and carotenoids [2], [3]. Leaf morphology
affects how photons are scattered within the mesophyll
and result in high reflectance in the near-infrared spec-
trum (NIR, approximately 700-1400 nm) [4]. Water is
driving the chemical absorption at 970 nm and 1,200 nm,
resulting in a drop in reflectance in these wavelengths [4].
Leaves contain cellulose-, nitrogen- and lignin molecules

that reflect strongly in the short-wave infrared spectrum
(SWIR, approximately 1400—3000 nm), but the spectral
absorption of water overshadows this in vital leaves;
cellulose-, nitrogen- and lignin molecules in dry leaves
reflect more since water is absent[5].

Sentinel-2 offers 13 spectral bands, including three
visible and one near infrared band at a 10 m spatial resolution,
four bands in red-edge and two bands in the shortwave
infrared (SWIR) spectrum at a 20 m spatial resolution,
and three bands at 60 m dedicated to atmosphere and
clouds. The probability of getting a cloud-free image is
higher due to the launching of the twin Sentinel-2 A and
B satellites increasing the revisit time to 5 days. Another
advantage of this mission is the width swath of 290 km,
which makes it an ideal sensor for forest analyses over
a large area at the region a land national scales [6]. A
few studies have focused on the use of the Sentinel-2
data for the classification of forest cover and forest type
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in tropical zones. Noi and Kappas [7] compared three
classification methods—REF, k-Nearest Neighbor (kNN),
and SVM—for mapping six land cover classes—resi-
dential, impervious surface, agriculture, bare land, forest
and water—using a single Sentinel-2 image over a small
part of Vietnam. The authors achieved a high overall ac-
curacy ranging from 90% to 95% for three classification
methods.

Recently, there has been an increase in research pub-
lications focused on the use of the Sentinel-2 data and
Random Forest classifier. Magnus et al. [8] classified tree
species using Multi-Temporal Sentinel-2 Data (Kappa =
0.84), Adam et al. [9] assessment of Sentinel-2 images
rainforest mapping (Kappa = 0.92). The main aim of this
study is to estimate the potential of Sentinel-2 data for
forest cover in part of Bayan Davaa in the province of
Tuv in Mongolia. Eight percent of Mongolia’s territory
is covered by forests 18.5 million. In order to evaluate
the condition of the forest on the northwest slopes be-
hind Bayan Davaa in Erdene Soum, Central Province,
we experimented with the “RF” method of processing
the Sentinel-2 data. The work was assessed using the Kap-
pa value (Kappa=0.95), which combination of satellite
images as input to the RF classifier performed relatively
well in classifying four fields.

Materials
Study Area

The study was conducted in Bayan Davaa, Erdene
Soum, Central Province (47.780067° N, 107.660850° E)
(Fig. 1). The study included a forest with Siberian larch
(Larix sibirica) that has maintained its original natural
appearance. The forest is located in the Southern Mountain
Forest, East Khentii, and Tuul-Barkh region, according to
the forest vegetation region of Mongolia [10]. Addi-
tionally, the vegetation of the mountain steppe surrounds
the new forest, giving the area a distinctive mix of forest
and mountain steppe.

This 4.3-hectare forest, which is located on the western
slopes of Bayan Davaa, contains trees with an average
age of 69 years, a height of 14 meters, and a diameter of
22 cm [11]. The diameter of the trees in that forest grows
at different rates; for example, in 2015-2016, there was
good growth, but in 2017-2018, there was a huge
decrease [12].

Field Data

An additional approach was included to supplement
the field data: dead standing tree, trees (not damaged by
pest), pest damaged trees, less dense trees were comple-
mented with field plots during a one-day inventory in 19
Aug/fall 2022, by locating areas in the forest covered by
the target trees and recording coordinates with a hand-
held GPS. In total, 235 plots were in the Bayan Davaa.

Satellite Data

The satellites carry a multispectral imagery (MSI),
which covers 13 spectral bands with ground resolutions
of 10, 20 and 60 m. Satellite images can be freely down-
loaded from the ESA data-sharing website [13].

To evaluate the effect of combining satellite images
from August, a subset of imagery of 2022 in tile 48TXT
was included. Satellite images from 7 August were used.
The quality criteria for the images were no or minimal
cloud/haze covering the study area. Satellite images
use is often determined availability of cloud-free images;
although Sentinel-2 has a high temporal frequency,
there can still be many cloud-contaminated images that
cannot be used. Images with processing Level 1C were
readily available (Top of Atmosphere), which entails
that the data have been corrected for radiometric and
geometric discrepancies but not for atmospheric [2].

Table 1. Thematic bands of Sentinel-2

Central

Band Resolution Wavelength Description
Bl 60 m 443 nm Ultra-Blue (Coastal and
Aerosol)
B2 10 m 490 nm Blue
B3 10 m 560 nm Green
B4 10 m 665 nm Red
Visible and Near Infrared
B5 20 m 705 nm (VNIR)
Visible and Near Infrared
B6 20 m 740 nm (VNIR)
Visible and Near Infrared
B7 20 m 783 nm (VNIR)
Visible and Near Infrared
B8a 20 m 865 nm (VNIR)
Short Wave Infrared
BI11 20 m 1610 nm (SWIR)
Short Wave Infrared
B12 20 m 2190 nm (SWIR)
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Legends
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A Pest damaged trees
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I [ Forest area

Fig. 1. A) Locations of the reference samples for type colored

by the forest field classes, B) Forest condition at the time of

Images pre-processed through Sen2Cor algorithm (ver-
sion 2.10.1) was used to perform the atmospheric correc-
tion, which transforms Level 1C Sentinel-2 imagery to
Level 2A Bottom of Atmosphere (BoA) reflectance [14].
After the corrections, all 10 remaining bands in each of
the four scenes were imported to ArcMap (version 10.8).
The 20 m bands were resampled to 10 m spatial reso-
lution with Nearest Neighbor resampling and clipped
into a single raster dataset per date. Data processing was
further carried out in the statistical environment R (ver-
sion 4.2.1) [15]. The satellite images were imported as
RasterStacks and the satellite images were later stacked
study area.

Methods
Multi-Temporal Imagery

The shapefile containing the plots of the 4 information
classes (dead standing trees, trees, pest damaged trees
and less dense trees) was imported to R [24]. A weighted
average of the spectral values, which corresponded to

sampling.

the area-weighted fraction of each raster cell covered
by the 10 m radius plot, extracted for each individual
plot and satellite image and stored in data set. Since rela-
tively homogenous plots have been used in this study,
an area-weighted approach was seen as a reasonable as-
sumption. The data set with spectral information from
all bands was merged with the associated field data (e.g.,
information class name) to form the reference data for
the RF classifications. Multi-temporal Sentinel-2 imagery
introduces a lot of data which benefits from using a clas-
sification method that can deal with multi-dimensional
data sets. For this reason, the RF classifier [16] was used
to classify the information classes from the satellite data.
The RF classifier produces consistently good results as
compared to other classification algorithms, is robust,
and easy to parameterize [17]. The RF classifier is built
by training an ensemble of decision trees (ntree) with
samples—drawn with replacement—from the original
dataset (i.e., bagging). In each tree, the feature space
is stratified into regions by applying splitting rules on
the samples at each node—based on a random sample
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of predictors (mtry). The measure of the purest split for
each predictor at each internal node is the Gini coeffi-
cient, which is a measure of variance. At each node, the
algorithm chooses the predictor which results in highest
Gini value (most homogenous split). Each split results
in two daughter-nodes which are subjected to the same
process with a new random sample of predictors [18].
The caret R-package (version 6.0-93) [19] was used to
perform the classifications. An in-depth description of
the caret package can be found in Kuhn et al. [20].

Data exploration and band importance

It is desirable to produce a model which would exclude
correlated variables (i.e., bands) as well as the least
predictive bands and furthermore provide a better under-
standing of variables that would contribute to high accu-
racy. The method described above was used to choose
the most crucial band for the classification.

Accuracy Assessment

With this method we have one data set which we divide
randomly into 10 parts. We use 9 of those parts for training
and reserve one tenth for testing. We iterate this procedure
10 times each time reserving a different tenth for testing.
This was iterated 10 times with random selection and the
results were averaged in the confusion matrix. The training
and evaluation of the model was carried out with the caret
R-package (version 6.0-93) [19].

Results and Discussion

Combination satellite images as input to the RF clas-
sifier performed relatively well in classifying four fields
with accuracy (96%) (Table 2) (Fig. 2). The “RF” on
the Sentinel-2 satellite data (Kappa = 0.94) was used
to process the new forest area behind Bayan Davaa in
Erdene Soum region of Central Province (Fig. 2). There
was a difference in this area depending on whether the
trees were alive, dead, or damaged by pests. Simultaneously, a
unique group is formed by regions with few trees growing in
isolated locations with low density or “unforested area.”
Each of these datasets contained variable values that
were statistically (P < 0.001) different from one another.

In this study B11, BI2(SWIR), B3(Green), and
B8a(VNIR) were also ranked high (Fig. 3) [8],[21]. In

Table 2. Confusion matrix and Statistics

Points Points Points Points
- of dead of pest  ofless
Prediction .
standing damaged dense
trees
trees trees trees
Points of dead 38 0 0 1

standing trees
Points of trees 0 22 0 1

Points of pest

damaged trees 0 0 14 0

Points of less
dense trees

Accuracy: 0.9643, P-value < 0.001, Kappa: 0.9473

0 0 0 7

Table 3. Summary of the reference data used in the classification

and field size from RF classification.

Field class name Field inventory Field size/ha
Dead standing trees 106 1.03
Less dense trees 23 0.93
Trees 72 1.51
Pest damaged trees 34 1.16
Sum 235 4.9

Legends
[] Forestarea
[ Dead standing trees
B Trees
0 25 50 75m [ Pest damaged trees
[ I Less dense trees

Fig. 2. The map of the RF classification model.
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particular, the Siberian larch plots were the only ones
where the differences in tree growth could be clearly
identified using the RF method used in this study, and
this result was supported by the highest value of the
“Gini” coefficient.

The figure above depicts the damaged trees, which
covered a total area of 1.16 ha (Table 3). Traces of an
increase in Jacobson’s spanworm (Erannis jacobsoni
Djakonov) were seen during research in the area this
year (Fig. 1B). Additionally, there are rumors that the
larch forest near Bayan Davaa has more than douglas
fir cone moth (Zeiraphera diniana) before. The Siberian
moth (Dendrolimus sibiricus Tschetverikov) population
increased in the study area in 2018, and all of the forest’s
trees were being influenced by this species and in dan-
ger of drying out [11]. The growth of the diameter of
the trees in the forest reportedly shrank significantly be-
tween 2017 and 2018 according to the forest monitoring
study [12]. A specific area of the forest was continuously
damaged by pest insects and was unable to recover. The
data from the Sentinel-2 satellite clearly separates this
area into one group. 1.03 hectares of space were occupied
(Table 3).

Although dead standing trees made up the majority
of this 1.03 hectare site, there were many standing dead
trees present. In view of this circumstance, it will be pos-
sible to spot larch trees that have dried up as a result
of the same pest in the area. The Normalized Difference
Vegetation Index (NDVI) was used to compare the areas
with trees and the areas with damaged forest areas clas-
sified by the grouping method. The statistical differences
between the two sites (F|, (o = 535.81; P<0.001) Regarding
this indicator, NDVI for damaged trees had an average
value of 0.472 and the index of trees had an average value
of 0.415. This outcome validated the viability of using
Sentinel-2 satellite band data for forest state assessment.
Additionally, a recent experiment using the RF and data
from the Sentinel-2 satellite was successful in identifying
forest trees down to the species level [8].

Conclusion
The “RF” can be used to evaluate the condition of

the forest using Sentinel-2 satellite data. The larch forest
area behind Bayan Davaa in Central Province contains

B12 o
B11 o

B8a <
B2 o

Bands
[ws}
-]

[a]

B6 2
B1 o

B5 @

0 5 10 15 20 25 30

MeanDecreaseGini

Fig. 3. Bands importance in terms of mean decrease in Gini in

RF classification

1.03 ha of dead trees, 1.51 ha of trees, and 1.16 ha of
trees damaged by pest. The area with a sparse tree oc-
cupied 0.93 ha of this forested area. Using data from the
Sentinel-2 satellite, the processing of the observed tree
differentiation in this larch forest reveals a high accuracy
(96%) in differentiating between trees and dead standing
trees. As a result, it is possible to conduct a monitoring
survey using Sentinel-2 data that covers a large area in
a short amount of time in order to study the distribution
and harm of forest insects, which is one of the main is-
sues the forests of Mongolia face.

The “RF” is advantageous for processing the Sentinel-2
Multi Temporal images because it makes it possible to
work with a variety of dimensional data sets and is useful
for identifying large amounts of data. You can assess data
and resources that are crucial for research from them,
which will help you categorize things more accurately.
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Opuna

3aifHaac TaHAAH CyIJIaX TOXOOPOMKESC MITIITIIK
Oy# 3ypryyl Hb Mall epreH yyAaM HyTar A3BCTIPHHT
XaMapcaH Ta3pblH OYPXAIMUT TOJOPXOMJICOH CyYpb
3ypar [1] GOJOXBIH 33pATIR? IIIXUAH Tagapra I33pX
MOIPAJUIMAT XaMTHHMH yp allMITail 3apAnaap oK aBax
qyxaJl 39X YYCBAp oM [2]. XuiiMai Aaryyiaac UiarasricoH
apraj,  TyIryypiaH
raJaprblH OypXaBUMitH 3ypruiir rapran asaar [3], [4], [5].

3ypamaibl  aHTHIax ra3spbIH
dotocHHTE3MIHH HUHIAMKKI SBYYJIaxX XJI0OPOQHIUIHIAH a
6050H 6 MexJer, MeH KapOTHHOH] aryyJacaH ypramMiblH
HaBy o#pommooroop 400-700 HM Oyoy y39rasx
CHEeKTpUIH Xyp33HA TDIpauir muHrm’HEd [2], [3].
XapuH rpiauiiH GOTOHYyA HaBYHBI X3I03p33C XaMaapd
Me30( M SCHitH TaBxapraja XapwilaH aJiiryi Tapxax

X3T ylaaH rpiauiiH Tysa (oipomniooroop 700-1400 um)

opuMMJ Tycran yycrasd [4]. XapuH nemmonos, asor,
JIUTHUHUA MOJIEKYJYyABIT aryyjijar HaBYHBI XYBbJ
OOTHMHO ONTHOHEI XAT yllaaH Tysa OyI0y ofpoIIooroop
1,400-3,000 HM ypTTail MOATHOH surapyyiaax 0oJoBY
YCHBI CIEKTp IMIMHIIX YaHap Hb Ar33P aMb]l HABYCHIT
Oyarapyymax 0a Xyypail HABYHMH JaXb LEJUIIONO03, a30T,
JUTHUHUHA MOJIEKYITyY[ YCTYH OalX yen Wiyy uX OWiT
erger [5]. CancapsiH “CentuHen-2” naryyn 10 metpuiin
HapUHBWIANTA OPOH 3ail Y33IA3X TAPIMHH 3, XOT
yJaaH r3pai1 OpIMBIH 1, HUHT 13 monrnoHs! cyBar OyxXui
M35, XapuH 20 MeTpHiiH HapuiBWIanTail OpoH
3aii]] yraaH TyslaHbI 3aX OpUUMJ Oaifpiax 4 cyBar, 00THHO
JIOJITHOHBI ylTaaH TIpIMHH OMponoo 2 cysar, yaMmaap
60 MeTpuiiH HapuiiBuiana Oon araap maHzaan OOJOH
YYJTHHI HOJIOOIJUTHIAT 3aJIpyyiiaxaj] 30pHyJaracas 3 cyBar
Oyxuit MamUmMir raprajgar. Cyyng A 6omon B racsn
xoc CeHTHHEN-2 XUHMAII JaryysbIT allurIax aXKUTIanT
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JIaBTaH XMHX Xyramaar 5 XOHOT OOJT0XX HAMATIYYJICOH
Hb YYJTYH yen 3yparsiai aBax OOJOM)KHIT ©CTeXK 6ICOH.
OHAXYY TOXOOPOMKUIH XaMpax XYpa3Huil epreH 290
KM 0eree[| 5H3 Hb sIMapBaa HATdH YJIC TYPHUH XOMKIIH]T
TOMOOXOH OyC HYTTHHT 333JICOH OWH CyJasiraar XHixom
TOXHPOX XaMTHIH CaifH M3APATY OOJDK "ajaar [6].

XanyyH OpHBI OWH Xd3B HIMHX OOJOH OWHroop
OypxoracoH Tanbair aHrwian suraxgaa CeHTHHeN-2
XUHAMDJ JaryyinblH eTreTUIMHT alluriacaH LeeH X3I3H
cynanraa ouit. Hot, Kanmac [7] nap CeHTrHen-2 XuiMan
JaryynblH ererayeep Ta3pblH OYPX3BUMIH 3yparial
XUHAXI?3 CyypuH Tasap, Xaryy Xy4WITTal Tamapryy,
X006 ax axyHH 31am0dp rasap, HYUIDH raszap, o
6010H ycaap OYpXdIZACIH Ta3ap I'3COH 3ypraaH TOPen
XyBaax, OymanH surax apra (RF), xamruiis oiipsia “k*
topes (kKNN) GonoH BekTop MamuHbl cypraiat (SVM)
I3C3H 3 eep aHTmian 3YHH aprbil’ Xapbllyynax 3amaap
BbeTHaMBIH HyTar OPBCIIpHUIH 3apUM Ta3pbIH 3yprUiT
XUHUCOH. DAradp Cymraauu]] TyXailH TypBaH aHTHIIal
3Y#iH apreH XyBbI 90-95% Xx00poHI X31031133X 6HAep
HapuiBuIaNTall XUHK T'YHIITIICOH.

Cyynuitn yeuitn cynanraana CeHTUHEN-2 XUHMOAI
JaryyaslH erernenl 0ojoH “OymnmH siurax” (Random
Forest) apra 3yiix epreH ammmiarajar airopUTMBIH
XOPOMIACOH  OYTINYyA ©CeH HAIMIIACIp OaifHa.
Marnyc [8] cymnaaunsaxaa xaMT CeHTHHEN-2 XUHAMAI
JaryyinblH TOTTMOJ YEWIdITOH ererien amuriaH
MOZBIT 3YWIMIH TyBHIMHA aHruicaH (kamma = 0.84)
6on Anam Hap [9] CeHTmHen-2 XuHMAI Aaryysaac
WIITI3TICOH 3yparT OONOBCPYYIANT XUIDK XallyyH OPHBI
OifH 3yparian rapracan Oaiimar (kamma = 0.92). Bun
SHAXYY cymairaaraap TeB aWMIuiH OpIdHD? CyMBIH
HyTar JI3BCr3pT opmmx basH naBaaHbl apelH OapyyH
XOWJ Hallyy/l OpIIMX OHH TeJIeB OailJUIbIr YHAIIXIDD
Centuren-2 (Sentinel-2) XuitmMdI1 Jaryynaac WiIr33racoH
ererae1 00JOBCPYYIANT XUIX “OYIIIIAH srax’’ aprbir
TypiuB. Too100/1100C rapcaH yp AYHTUIH XyBbCaryibIH
XOOPOHJIOX XaMmaaplibIH HaWaBapTail OalJIbIT YHIIIX
Kappa ytraap axxiaa yaancaH (karmma=0.95).

Marepuanu
Cynanaraansl Tan0aii

¥Yr cymanraar TeB aliMruiiH OpA’H? CyMBIH
HyTar J3BcrapT opmux basH maBaa (47.780067° N,

107.660850° E) xaMa33x raszapt xuibk ryduatras (1-p
3ypar). Cynanraana Cubups mmH3c (Larix sibirica) Oyxwid
OaliraiiH yHaraH TOPXee XaJrajiCaH OUTl XaMpyyJIcaH
Gereesn yr oii MoOHron OpHBI O - ypramMaKWJITBIH
MyXinajgaap OMHeI eBep OalraJuitH XOTTOp YYJbIH
OlH ypraMajuKWITBIH MYX, 3YYH XOHTUHH XOLIYY,
Tyyn-bapx Toliport xamaaparnana [10]. TyyHWIdH 5H?
IIMHAC3H O 3aXaapaa YyJblH X33pUKHH ypraMabkuiaTai
XmupX Oereex NaHAMA(PTHH XyBhA OH 0a YYIBIH
X29PHUHH IICOH OBOPMOL] OYPIAITIN.

Ha3px 3ypart aypciasracaH basH naBaaHbl apblH
0apyyH XOHI HaIXyym OpIIMX 3HAXYY o 4.3 ra ra3peir
Oypxax Oeree[1 yr oiH MOJUIBIH AyHAaX HAC 69, TyHIaK
eHIOp 14 M, XapuH ITUaMeTpHiH XyBBA 22 cM Oaiican
Oaitna [11]. TyxaiiH OffH MOIIBIH ITHAMETPHITH ©COJT
XapwilnaH ajuiryd, tyxaindan, 2015-2016 ong ecenr
caitd, xapuH 2017-2018 onx spc OyypcaH y3YY/IITTIH
Oaibxao [12].

X33puiiH cynajiaraa

OitH TemeB OAIIBIT YHAIAXAY MOAIBIH yPTradThIH
UI3BXUIT Xaprama3aH 3pyyJ, XarcaH, OHH XeHeeusT
MIaBKHUI WASTACOH TIIC3H YHACOH 3 Tepeia aHTHIaH
JIP%K aBCaH. XapHH 6TTOPOITUIH XyBb]] HATTpaI OaraTaii
Oyly “TUT3M HHUWIIATYH~ anciarjcaH Oaiprantaid
ypracaH MOIIBIH OalpUIUIyyIBIT HOPeB 13X Tepel
OonroH 1Pk aBcaH. TyxaifH OWH 3yparian OoJOH
oifH TeneB Oaimibir CeHTHHEN-2 XUHMAJ JaryysblH
erernei YHASCISH YHAIIXUHH Ty OYJIAIIIH aHTHIaX
apra 3YHI epreH ammriariaiar alfOPUTMBIH X3PITIRIH]T
TOXUPYYJaH OWH OTTrepei, YypraiTblH HIIBX, XOHOOIT
IIABKUWH HOJIeeJNIeJ[] OPCOH IIX 33pAT IIHHXKYYAUNT
Xapraji3aH OMH suIraatail Xacryyasi3c HUHWT 235 13raH
Mo nyrnyyncad. Cynanraar 2022 onsl 8 myraap
capbiH 19 HBI 616D XHIK TYHIPTTICHH.

XuiiM3J1 JaryyJabIH M3/133

XuliMd1  fmaryymaac JaMKyylDK Oy maxwiraaH
COpOH30H JOJNTHOHBI 3yparian Hb 10 M, 20 M 6omoH 60
METpPUIH OpPOH 3aliH HapuiBwWIaN Oyxuil 13 MONTHOHBI
cyBar aryyiacad OaifHa. Darssp 3ypamiaisir EBporbH
cancap cymnansiH areHmiar (ESA) onmoH HuiTHIH
X3PATIPIH 30pUYJIaH HITTIH HUMTANnCH Gaaar [13].

bun cymanraansixaa xypasan 48TXT xaBran m33px
2022 oHBI 3ypruiiH A3 OaribIl alUIIaH 8 qyraap capblH
3ypryyabIr TYYB3PJISH TyXailH capblH 7-HBI ©10p 3ypruiir
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TaHux TamMa3r

+ XarcaH 60coo Moaoa
® Mogon
A WaBXna ASFACH MOJOA
@ Cuiipar Moaoa
[ Oitn Tan6ait

COHTOH aBu OonoBcpyynant xuicoH. Cypanraann
allUIargax 3ypruiir COHrOXJI00 AXKHUINIANT XHHTIIX
Tanbair yyi/MaHaH Oypxdd3ryi, 3cBam Oara OypXcoH
0aiiX HOXIUIMHUT manryyp 00iarocoH. XuiMaI1 1aryyibsiH
3yprufir ammumiaxjgaa Yyiaryd Oaix yewiH 3ypruir
cornromor. Xomuiiradp CeHTHHeN-2 [ar XyramaaHbl
XyBbJl ABTAMK MXTIH 3yparian Xxuix OoJoBY YYII33p
XaJXJaracaH 4YaHapryil Oyroy ammmiax OoJOMKIyH
3ypar OJIOH TOXHOJNJAOT. Araap MaHAJIBIH A3 X3COIT
xuiirncon  Oyroy 1C  TyBmHMI  OonoBcpyynantTai
3ypryyabIl almriax OOJOMXKTOW 0OJ0BY 3HD Hb araap
MaH/JIBIH OrerUIMHT OyC XapHH paguoMeTpUiiH OOJIOH
TEOMETPUMH 36pYYT3H acyyMIbll 3acax 3ajpyyicaH
Oaiigar [2]. XapuH araap MaHIIbIH X3¢OTT CeHTHHEN-2
—piH 1C TYBIIHUI 3ypruiir araap MaHIIBIH JOOPX
2A tyBmHHM# Tycran Oonron xysuprazar “Sen2Cor”
anropuT™MeIr (XyBwibap 2.10.1) ammmian 3anpyyara
XUAX 3aMaap yppadmiaH OoxoBcpyyncad [14]. YyHwmid
Jlapaa JIepBeH TepeJl OOJITOH LyITyyJIcaH ereraenyynd,
caHcpbiH 10 cyBruitH MamdumiH (1-p XycHIrT) Xamt

1-p 3ypar. A) OiiH TeneB Oai[UIBIr Xapraji3aH J9%K aBCaH

aryya. b) sk aBax yeuiiH oifH TeseB Oaiinan.

1-p xycwart. Cymanraang ammriacan CeHTHHEN-2 XUHMOAI

JaryyaslH Jamkyyinax 10 cyBruiH A3nrapaHryi MaIasmai.

OpoH 3aiiH Ton
Cysar HapuifBaan JIONTHOHBI Tonopxoitnont
ypT
B1 60 M 443 um Xt meuxp ([Janaitn
9par 6onoH ManaH)
B2 10 m 490 umMm Xex
B3 10 m 560 HM Horoon
B4 10 m 665 HM Vnaan
Y33ra9x 600 X9T yaaaHn
B5 20m 705 am rpauiiH opuum (VNIR)
Y3araax 60m0H X9T ynaaH
B6 20m 740 rm rapauiiH opuum (VNIR)
Y3araox 60m0H XOT ynaaH
B7 20m 783 nM rapimitH opunM (VNIR)
Y33rm3x 6050H XIT ynaaH
Bga 20 M 865 i rapiuite opunm (VNIR)
XO3T ynaaH rapiauiiH
Bll 20m 1,610 mma 6oruno nonruoH (SWIR)
B12 20 M 2,190 uu XO3T ynaaH rapiauiiH

6oruno nonruoH (SWIR)
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ArcMap (xyBunbap 10.8) mporpamz opyyicas. Y yHHIA
nmapaa 20 M -uiH CYBTHIH M3II3JUIMAT XaMTHITH OHpPBIH
xepumitH TyyBpuitH (Nearest neighbor) Tycnamkraiiraap
10 MetpuitH OpoH 3aifH HapuiiBwianTaiiraap JaxWH
3arBapumiDK, CyBar OYpPHHI OHH Xypa33I33p Tacak
aBcaH. Jlapaa Hp erermemmiir “R” (xyBmnbap 4.2.1)
CTaTHCTUKMHH TIporpaM amuniaH  OoJOBCPYYJANT
xuicoH [15]. XuiiMan maryynbiH 3ypryyasir XoJOomT
XMHX 3aMaap HAITI3K Cydaliraar TYHIPTIICOH TanbaiH

Yp AYHTUIH 3ypruiir raprax aBcas.

Apra 3y

[ar xyramaaHel XyBbJ OJOH AaBTAJTAT 3ypariaj
(Multi-Temporal Imagery)

Cynanraanz xampariacaH OWH MOAIBIT yprajiThiH
TeneB Oaiiinaap Hb 3PYYd MOJ, YXCOH MOJ, XOHEeT
LIaBKUA WASTACOH MOJA, XapuUH OTrepesIMiH XyBbI
HATTpa Oararail Oyroy “THUT3M HHUIUIIATYH™ alciaracan
Gaiipmanrtaii ypracaH MOAIBIH Tra3ap 3YHH OalpHUIBIH
M3I33T LyDIyydaH I93pX [IepBeH aHTWIaN] XyBaax
3yprad Qaiin yycracaH erermnmiir “R” mporpam [24]
aIIUIIaH CTATUCTUK OONOBCPYYNIANT XUHB. YT 3ypariai
10 MeTpHiiH TOMPOIT Xamparnax TaloaiHyynaa XyBaax
TOPJIOT YYCT3C3H Oaiix 0Oereen 53Ar33p TOPIOTHIH
HYZ Tyc OYpT OHOIZIOX X3CTMHH JIOJTHOH YHJIATICOH
JOyHJ@X yTrarail 0a yyHHHT Tanbaii Tyc Oypasp raprax
CaHCapbIH 3yparial YYCT3H eTer[UINiH caH OypAyYJICAH.
VYr cynmanraaHj XapbLUaHTydl HITOH TOPIUHH TaynOair
XaMpyyJcaH Tyl OpPOH 3allH YHOISIACOH JyHIaX
yTIraap TOOIOO0JOX apra YHAACIANT Oyxwil TaaMariang
XYpracaH. TyyHWISH OYX CyBTHIH JOJTHOHBI M3
aryyjicaH erer[UIMiiH caH TyXalH OWH Tan0aiH
TeleB OalANbIH aHTWIANTall XapbllyyldaH XHUIIMTADK
“OyJPIIdH surax apra” 3yWH aHTWIaN) amnniarnax
Cyyph erermmir OypayyiacaH. CEeHTHHEN-2 XHAMOAI
JaryynblH IIar XyTranaaHbl XyBbJ] OJIOH [aBTalTTal
aBcaH 3ypariai A33p “OyJdIIsH surax apra’ aluriaH
OOJIOBCPYYJIaNT XUWXMHH JaByy Tan OON Mail OJIOH
Orer[UIMHT TaHUyJaX ad XOJIOOTIOITONH 33P3rid?d Mall
OJIOH X3MJXKI3CT OreIIMHH Oaruraid akuiiaax 00JIoMK
onrogor. MitMa XuilMan maryymnblH M3A33T TOAOPXOH
Oynryyasn aHrmiaxjgaa “OyJidIdH  sirax apra’-bIr
ammmiagar [16]. OH> apra 3ydr anrmiman xuix Oycan
ANTOPUTMYYATAH SKUIIMXK Y39X3A HXIHX TOXHOJJIOI

2-p XYCHIIT. 3arBapwiajblH 3ypTHUAT YHYX KOHQIONIIH

marpui (Confusion matrix)

YXCoH  Bpyyn  Xemeenr Cuiipor
MOAOA  MOAOA  LIaBXKM] MoAox,
Oyxmii ~ Oyxuit  wmmdrACOH  Gyxwid
TanGaji Tambail  Tanbail  rapGaii
Y
XeoH Mozton 13 0 0 |
Oyxuii Tanbait
OPYY MOZOA 0 2 0 1
Oyxuii Tanbait
XeHeeont IIIaB)KI/Iv,Z[ 0 0 14 0
HIATICOH Tanbai
Cuiipar MOAOATOM
Y IO/ 0 0 0 7

Tanbait
Hapuitsunan: 0.9643, P-ytra < 0.001, karma: 0.9473

N

TaHux Tamasr
1 OitH Tan6ai

[ YxcaH mogon 6yxuit Tan6ait

I 3pyyn Moo Byxuit Tanbait

[ XeHeenT wWwasxua UASrACIH Tanbait
I Cuitpar mopoaToi Tan6ait

0 25 50 meTp
[

2-p 3ypar. TeB aiiMruifH DpAdHD CyMBIH HyTarT opmux basH

JlaBaaHbl apbIH NIMH3COH OH aHTHITAJl XUUTICOH 3arBapbIH 3ypar

JIaByy Yp AYH erd OaifcHBI 39parua3 ammmiaxaji xsuoap
Oaiican [17]. DHd “OyJIdIISH sutrax apra’” 00J1 ererIIHiH
caHTaac rapax yrra OONOH TYYHI Xapramsax Oycan
YITYYABIH XOOPOHIBIH YsuUIIaa XoJ00or cxeM (MOIHBI
3arBap) Oaiiayaap WIDPXHUIIIKII

CyypuinaH Trapu

nupcaH. Togopxoil HAr OpOH 3aliH ©BOPMOI] OHIUIOTUNT
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Xapraja3aH CaHaMcapryil TYYBIPJIIT XUIDK 3K aBax
0a YYHMI Yp AYHI TyXailH OpYMH TOAOPXOH OYNTyyIsn
XyBaarjaHa. YpbIuuiiaH TaaMariiax Oafican Oyiryynuir
anrmnaxnaaa “XKunau” xodpounnentuiir (mean decrease
Gini) ammrnax 6ereen 5H® Hb OYJNTYYAWHH sUIraarai
OaiiuibiH  WwpxuimHd [18]. TyyHWIdH erermmuiir
anrmiaxaaa “R” mporpam gaxs caret (xyBuibap 6.0-93)
Oarupir ammriacad [19]. DHAXyy OarubiH I3ITrIpIHTYH
TAaHWIIYyATa 3apuM OYTI3JI[ TONOPXOW TyCrarjcaH

Oaiinar [20].

CyBruii a4 xoJ00IJIBIT YHIIIX

“R”mporpambrd “caret” 6ar [ 19] ub au xombormonryit
CyBryyn OOJOH 3acBap oOpyylcaH XyBHIOapyyaaa
(KumP> Hb, 3apuUM HII' CyBar) XacaxX 3arBapuiiaxaj
ToxupoMkTo. IlaanmuiaH eHaep  HapuiiBunanTaf
TOOIIOOJION XHUIX XyBHJIOApYYIBIT WYY CallH OWITOX
60510M>X OJITOHO. J[33pX aprbIr alUIIaH SH3 TOOLIOOJION ]
XaMTHMH d9yXajd YYpaIrTail CyBIMHI TOJOPXOHIOXZ00

amuriacaH.

Toomoeon1bIT YHAIIX

Jaxkuita naBranteir HOMATIYYIRX (Cross-Validation)
apra 3y#WH Jaryy erermiee caHamcapryi Oaimmaap 10
XJCOIT XyBaacaH. YYHI3C 9-mir OosoBCpyyianTaHi,
XapHH YIIACIH HITUHT Hb XsSHANTAH alliuriacad. bun yr
yiuumir 10 ymaa maBTax, ZaBTanT OOITOHIOO XSHAIT
XHMHX 02 Yp OYHT MaraJylajiblH XYCHATT J39P33C TyHIAXK
yIraap TOOIIOOJIHO. ODHD 3arBapblH OOJOBCPYYIAITHIT
“R” mporpamberH “caret” (xyBmmoap 6.0-93) Oarmpir
aluIad ryHusTracaH [19].

2-p xycHdrT. CeHTHHEN-2 XUHMAI [aryyislH ereraieep

aHTHJIAT/ICaH TaNOaiH Tepe

Cynanraassl TanoaiH o Tanbatin
Hp3xuiH T00

aHTUIIAI, TOPeI XOMK39, Ta

YxcoH mojton Gyxwii 106 1.03

Tanbaii

Opyyst Mozt Gyxuit 23 0.93

Tanbait

XoHoonT IaBKH 72 1.51

WJISTICOH Tanbai

Cpmpavr MOATOH 34 1.16

Tanbai

Huiit nyn 235 4.9

Yp ayH, X3/3JyyJnr

Tes ailMruilH OpadH? CyMbIH HyTarT opimux basH
JaBaaHbl apbIH IMIUHACOH OWH Tajbair CeHTHHENT-2
XUAMAII JaryyaslH ereraeN A33p “OYdIIdH aHTHiIax
apra”-pIr’ alUIIad OOJOBCPYYNANT XUitxan 4 suraarait
Oynruir yycras (kanmna = 0.94) (2-p 3ypar, 2-p XYCHIIT).
YyHA 3pyynl MOA, YXCOH MOJA, XOHEeNT IaBXUIH
HONIOOH]I OPTCOH MOmo[ OyXui Tambail TOmOpXOW
suIrapai YYCracaH. Y YHHUH 33p3rip3 eTrepesivilH XyBb
HATTpaJ Oararail Oyroy “THUTIM HUIIIATYH™ alciarjcan
Oaiipmantaii ypracaH L@eH TOOHBI MOATOW Tanbai
Tycrait Har OyJar yycra»k OaiiHa. DArasp aHTuian Tyc
OYpT HOOTIOX erermIHiH Oariyya Aaxb XyBbCAardMHH
YITYYIl XOOPOHAOO CTaTHCTHUKMHH XyBba (P < 0.001)
suIraatai 6aiB (2-p XYCHAIT).

CenTnHen-2  XHHAMDI  JaryyjiablH  CYBTyyZaac
CyJaliraas]] XaMparjacaH OiH TeseB OalUIbIT YHIIIXI
B11, B12 (SWIR), B3 (Green), B8a (VNIR) cysryyn
XaMTHHH dYyXal Heneer Y3yy/nk Oaitra [8], [21].
Tonpyynban, sHAXYY Cygajaraaj aluriacaH OyJIdIISH
suIrax apra Hb 36BXxeH CHOMpPBH IIMHAC ypracaH TayOaii
Jaxb MOMIBIH YPraaThlH sUITaar Mall TOAOPXOH
aHruicaH 0ereeJl yr yp IYHT “KHHH KO3((HIMEHTHIH
y3yymutyya 6aramk Oaiis (3-p 3ypar).

IP3px  3yparT JYPCISIACIH XOHeeNT IaBKHI
UA3TACOH Mojox HUWT 1.16 ra tanbair xamapu OaiiB
(2-p xycHarT). ¥Yr Tanbaiin cynanraa XWX sBI@J TYC
OHJT AIKOOCOHBI TOONYYP 3pBI3XdU (Erannis jacobsoni
Djakonov) ommmpcon yn mep axwumiaracaH (1b-p

3ypar). TyyHwidH basH maBaa opuMBIH IIUHICOH OW

B12 o
B11 o

B3 =

B8a =

B2 o

Cyear

B7 °
B6 o

B1 o

B4 o

B5 o

T T T T T T T
0 5 10 15 20 25 30
HHu koadbcpuumeHT (Mean decrease Gini)

3-p 3ypar. 3arBapwiagblH 3yparT dyxal Hellee OyXuii

cyBryynan wipax JKunu ko3 duiuent.
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LIMHACHUH IHMJIMYYC XyHJard OJNIIMPCOH MOI33 OHid.
Bunnwmii cynanraann xamparaca tanbait 133p 2018 oxz
Cubupuiina xyp 3pBa3x3it (Dendrolimus sibiricus Tschet-
verikov) onmmpy yr oifH MO0 OYX3JII33 3HD 3YHIHITH
HOIIOOH]I OpP)K XaTaxX aloynj eprex Oaix33 [11]. 2017-
2018 oHJ XMMIICIH OMH MOHUTOPUHIUIH cyfairaaraap
yI ONH MOIJIBIH JUAMETPHIH ©cenT 3pc OyypcaH
Y3YYI2ITTaM rapcan Oaiinar [12]. TyxaiiH oifH TOTOpXOi
X3COT XOHOONT IIABKHIH HOJIOOH] yraa Japaa epTex
COPI3H yprax 4aasapryii Oojcon Oatican. JH3 Tanbaiir
CeHTHHEN-2 XUIMOAIT AaryyJIblH ©rerues Mall TOI0PXOH
SIraH HAT Oynar OoiroH anrwicad. Yr tambait 1.03 ra
ra3phIr 339K 0aliB (2-p XYCHIIT).

Omdxyy 1.03 ra raszapr yXCdH MOAOA 30HXHIK
OaiicaH Xonuil 9 yr Tanbai HIIDHXYHA3 00CO0 XarcaH
Momonroi Oaiican. Ilaammg 5HY TenmeB OaabIT
Xapraj3aH TyXalH OyC HyTarT OpILINX FDKHJI TOPIUIH
OlJi XOHOONT UIABKUIH HOIOOH] OpTeXK XaTak
XyypauIlcaH MIMHAC MO0 OyXWil Talbair MIpyyssx
OonoMxTOH OaitHa. bua OyJIdPIIdH srax apra 3yHrasp
AHTHJIATIICAH OMH X3CTYYA93C XOHOOIIT MABKHU]L UIIICOH
X3CAr OOJIOH 3PYYIT MO0 OYXWil TabaiiH ypraMaKUITHIH
HopMwiorncoH uHAeke (NDVI)-uiir ammmrian Xxappiyynant
XHIDK Y39X9I TyXailH X0€p Tanbail yr y3yyJIdaraspid
Lossy 035815 P<0.001)
OaiicaH Ooreel XOHOONIT MIABKWA HADIICOH MOIILIH

CTAaTUCTUKHUIH XyBBb/ sraarait (F (

YpraMaDKIIITBIH HOPMWIOTACOH WHICKCHIH TyHIaX
ytra 0.472, 3pyya MOJIbIH XyBbJl YT HHIEKCUNHH TyHIaX
yrra 0.415 6aiiB. D> yp ayH CeHTHHEN-2 XUAMAI
JAryyIIbIH CYBTYYIBIH 6TOTIeN allluIIaH OYIATIIRH sUIrax
apra 3yHrasp oifH TeJeB 0aWUIBIT YHAIIX OOJIOMKTOMT
Oarancan. TyyHWIdH cyyauiH xuiyyadn CeHTuHen-2
XUAMAII JIaryyjnaac WITISTACIH Oreraens OyJIdmH
suIrax  apra 3yWr amuriaH OWH MOAIBIT 3YHIHMHH
TYBIIMHJ XYPTAJ TOJOPXOHICOH TYPIIMJIT aMKHITTaH
XUHUTICOH OaitHa [8].

Jyraaar

CeHTHHET-2 XHIM3II 1aTyyJIbIH erer/uieep “OyIsrimH
sIrax apra’ 3y# ammriaH OfH TeJeB OalmIbIr YHAIIX
6omomkTol Oaitna. TeB aliMruitH DpAdHA CyMBIH HYTarT
opuinx basiH 1aBaaHbl apbIH IIMHACOH OWH TanmbaiH 1.03
ra Tanbair 6ocoo xarcan Mozaox, 1.51 ra ranbaiia spyyr
MOJIO/I, XapUH XOHOONT MIaBXKHI HISLACOH X3car 1.16

ra tanbair 33n3k OaifHa. Yr o Oyxuii Tanbaiin neeH
TOOHBI MOJ| ypracan opoH 3aii 0.93 ra ra3peir 333K
0ailiB. DHAXYY IIUHICOH OHJ aXuriarnax OyH MOIIBIH
surapanbir cancapblH CeHTHHEN-2 XUUMOJ JaryysiblH
erermeiyl ammriIaH OOJOBCPyylaxad 3pyYd MOJOATOM
00110H 60CO0 XaTCaH MOJOATOM Tanbaiiraac OifH XOHOONT
IIABKHU UJIITACOH TaTOaNUT OHIep HapHiBUIANTANHTaap
(96%) mam oHOBYTOH sraH mypcunk Oaitma. Mitmn
MOHTOJI OPHBI OHH CaH[ TyIraMmIax Oyi TONl acyyUIbIH
HAT 00JI0X OH XOHOOJNT MIABKHUITH TapXaJIT, XOHOOIUIT
cynnax axwin cancapslH CeHTHHEN-2 XUIMAJI 1aTryyIIbIH
OTOTIUIMUT amuriaH “OyJdIIPH sUrax apra 3yl -T
HABTPYYJDK OOTHHO XyTallaaH]| UX OpPOH 3aiir xamapcaH
TaHZANT Cyfajraar Xuix 6oiomx OaifHa.

CeHTuHEN-2 XWUHWMA JaryyiblH Lar XyramaaHbl
XyBBJI OJIOH JIABTANTTal aBCaH 3yparial 133p “OyJIdmIdH
sIrax apra’ amuWrIaH OOJIOBCPYYNAlT XUHXUHH NaByy
Ta]x 00Nl OJIOH eTeTIUIHHT TaHWYJIAaX ad XOJOOTIONTOHH
33POTIRI  OJIOH  XOMIKIICT  OreryIMiH  Oariraii
axmwuiax 6omoMx onromor. THaranpasc cymanraaHy ad
XOIIOOTIONTON erermeil, CYBTYYABIT YHAIDK aHTHIIAnaa

WYY caibkpyysax 00JOMIKTOM.

Tamapxan

DHAXYY Cyaalraar XMk TYHIRTIHOX3I Tyciaiiaa
y3yysicon Ilumkimdx yxaaHel akajeMuiiH buomoruiin
xypa3muruite LlyByy, marx cymuiansH JabopaTopuitH
SPIAM IIUHKUITSHUN aXuntad b. AHyIapsT Tamapxan
WIdpXUilibe.
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