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During the scientific investigation, woody species of forest vegetation were identified
and a map of forest vegetation in the Kostanay region was produced using various data
sources: field materials, Earth remote sensing data, and ArcGIS10.9 software. An algorithm
was developed to detect tree species based on Landsat 9 satellite imagery, characterized by
high spatial resolution. Recognition of dominant tree species was performed using various
combinations of spectral bands from Landsat 9 imagery, analysis of vegetation indices
(NDVI, EVI) across different seasons, and supervised local adaptive classification. The
obtained data were validated against field research materials (August-September 2023) and
forest management records. The chosen algorithm implements contemporary approaches
to acquiring and processing necessary data from satellite remote sensing imagery.
Further differentiation and creation of the forest vegetation map of the Kostanay region
were based on the established map of tree species, digital elevation model, geological-
geomorphological features, field research, thematic maps, and physical geography of the
region. As a result of the conducted research, six classes of forest stands were delineated
in the Kostanay region, including light-coniferous and deciduous tree species such as pine,
birch, aspen, larch, shrubbery, and meadow vegetation. These research findings and the
algorithm developed can be applied to other study areas and hold practical significance.
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INTRODUCTION

Remote sensing data is the main and
essential means and mechanism for assessing
the state of forest resources. The development
of the field of space monitoring of the natural
environment in the modern world helps address
many important scientific tasks related to the
conservation and restoration of natural resources.

Modern space technologies are capable
of providing data through Earth remote sensing
in visible and infrared channels of spectral
visibility. Remote sensing methods serve as an
indispensable tool that allows obtaining timely
information about the areas, quality status
of forest resources, and forest-forming tree
species. The reliability of information obtained
from aerial and satellite images depends on the
accuracy of photogrammetric data processing

and their decoding. The intensity and visibility
of pixels in different spectral ranges depend
on the specific reflective characteristics of the
territory object by electromagnetic waves in a
particular range. It should be noted that a zonal
image is capable of depicting the characteristics
of landscape elements, which is utilized in
interpreting land surface classes and monitoring
the natural environment. For decoding and
representing forest vegetation and tree species,
the optimal solution would be the application
of red, infrared, or green spectral channels.

It should be noted that data from
Landsat 9 A - B satellites exhibit the
best combination of spatial, spectral, and
temporal  characteristics among  open-
access Earth remote sensing satellite data.

Currently, one of the modern processing
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methods involves transforming
images  using  vegetation indices  and
subsequently creating index images.

The decoding and mapping of tree
species in forests are important applications
of space imagery data. Low-resolution
satellite images (Terra/Aqua MODIS, SPOT-
Vegetation) and medium-resolution images
(Landsat) provide the opportunity to create
cartographic materials that assist in identifying
tree species (Shikhov A.N. et al, 2020).

The analysis of literature in the
field of space monitoring of the natural
environment, including forests, has revealed a
vast body of work dedicated to the application
of remote sensing data (development of
methodological approaches to decoding forest-
forming tree species) in the study of forests.

The issues of conducting various types of
forest monitoring and methods of decoding forest
cover are described in the works of Lupyana E. A. et
al.(2011), Bartalev S. A., Egorov V. A. et al. (2016,
2007). Marchukova V. S. et al. (2012), Zharko V.
O.etal. (2014), Zhirina V. M. (2014), Isaeva A. S.
et al.(2014), Rouse J.W. et al. (1973). Czaplewski
R. (1994). Epting, J. et al. (2005) and so on.

In the studied region, two large forest
provinces can be identified — the Trans-Urals-
Obagan Forests and the Turgai Belted Pine
Forests, which are located within the boundaries
of the forest-steppe and steppe natural zones.

The area of the state forest fund in the
Kostanay Region is 1 million 146 thousand
hectares. The regional akimat manages 457
thousand hectares of forest resources, with the
majority of the forest resource fund falling under
the Republican administration. Out of the land
designated for the regional management’s forest
fund, the projected forest cover constitutes about
240 thousand hectares. The remaining portion of
the fund consists of agricultural lands (arable land,
hayfields, pastures), transportation routes, etc.

The forest cover of the Kostanay Region
is predominantly composed of birch, aspen-
birch forests, and pine groves. White poplar,
weeping willow, bird cherry, wild apple, and
larch are also found. Deciduous forests form
large continuous expanses in the central part
between the Tobol and Obagan rivers, aspen
groves thrive in moist depressions to the west,
and birch groves occupy drier terrain depressions.

raw

The region of ancient pine forest belts
of the ancient Tobolsk depression occupies the
northern part of the steppe zone in the Kostanay
Region. Pine forests here grow on the tops of
high sandy ridges and the upper parts of their
slopes. Birch and aspen forests are associated
with the lower parts of the slopes of sandy ridges
and often adjoin the shores of saline lakes.

It should be noted that the forests of
the Kostanay Region include unique relict
pine groves interspersed with birch and aspen
clusters, such as the Arakaragai forest massif,
the Kazanbasy and Amankaragai groves,
and the groves of the Naurzum State Nature
Reserve (the small protected strip forest Tersyk-
Karagai and the pine grove Naurzum-Karagai)
(Pugachev P.G., 1994, Vilesov E.N. et al., 2009).

The goal of this study 1is an
experimental assessment of the possibilities
for recognizing tree species in the forests of
the Kostanay Region based on the analysis of
seasonal changes in their spectral reflectance
characteristics using Landsat 9 satellite data.

MATERIALS AND  METHODS

To determine the tree species in the
forest vegetation of the studied region, we
systematically carried out the following tasks:

— The existing possibilities of using Earth
remote sensing data have been investigated
as the primary foundational information
for modern monitoring and the creation of
cartographic representations of forest vegetation;

— An action algorithm has been
developed for identifying tree species in
forests based on Landsat 9 satellite imagery
characterized by high spatial resolution;

— The use of vegetation indices NDVI
(Normalized Difference Vegetation Index),
EVI (Enhanced vegetation index) has been
investigated, and their values have been
analyzed to determine tree species in the
forest vegetation of the researched region;

- The data for identifying tree species
in the Kostanay Region have been verified
using field research and forestry materials.

The Kostanay Region was chosen
as the study area to investigate the potential
use of spectral channels for identifying tree
species in forest vegetation based on Landsat
9 A-B satellite data. According to field

134



Hydrometeorology and ecology Nel 2024

research  data  (August-September  2023)
and an analysis of specialized literature on
the studied region, it was identified that the
Kostanay Region is mainly characterized by

coniferous (light-coniferous) and deciduous
(small-leaved) forests, with dominant
tree species being pine, birch, and aspen.

The main tree-forming species in the forest
zone of the Kostanay Region (dark-coniferous,
light-coniferous, and small-leaved) are sufficiently
distinguishable in the spectra on medium and
high-spatial resolution satellite images, especially
in the presence of near-and mid-infrared channels.

The existence of differences in the
phenological dynamics of tree species allows us to
hypothesize the possibility of detecting variations
in the dynamics of their spectral reflectance
characteristics based on regular satellite imagery
acquired with sufficiently high frequency.

The success of decoding satellite
imagery also largely depends on the seasonal
acquisition period. With the appropriate selection
of satellite images from different seasons, it is
possible to identify forest-forming tree species.

RESULTS AND DISCUSSION
During the experiment, the changes in
spectral reflectance characteristics for different
tree species were investigated (Figure 1).
Overall, the coefficients of spectral brightness

for different types of forests vary differently
across different parts of the electromagnetic
spectrum  depending on  the  season.

Figure 1 displays various combinations
of Landsat 9 image channels. During the
experiment, a visual assessment was conducted
to determine the most suitable combination
for distinguishing different tree species.

We analyzed the synthesis of Landsat 9
channels in the SWIRI1(Shortwave Infared 1)-
NIR (Near Infared) -RED range, where dark
coniferous and light coniferous forests appear
in dark green, while deciduous and small-
leaved forests take on a bright green color hue.

The mixed composition of forests can be
distinguishedby variouscolortransitions, primarily
depending on the percentage of coniferous
forests in the forest-forming tree species, as well
as the age-related characteristics of the trees.

The synthesis of spectral channels in
the NIR-RED-GREEN range takes on a reddish
color tone. In summer season images, light-
coniferous and dark-coniferous forests stand out
with dark-red hues, deciduous forests primarily
with a bright red color, and mixed forests acquire
transitional colors (from red to bright red).
Combining SWIR-NIR-RED channels allows
for the differentiation of pine tree species, which
exhibit a distinctive reddish tone, enabling their
distinction from deciduous tree species (Figure 1).

a b

c

Fig.1. Composite images from combinations of spectral channels: a) SWIR1-NIR-RED; b) Composite image from
combinations of spectral channels NIR-RED-GREEN;, ¢) Composite image from combinations of spectral channels

SWIR?2 (Shortwave 2)-SWIR 1 (Shortwave 1)-NIR

A distinctive feature of pine forests is
often a higher brightness in the mid-infrared range
of the spectrum, as well as in the visible channels.

Pine forests mainly grow on sandy soils,
and the ground cover there is relatively sparse.
Areas devoid of vegetation often affect spectral
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visibility and imagery, resulting in pronounced
brightnessinthemid-infrared channelandtoalesser
extent in the red channel of the visible spectrum.

Thus, when using a combination
of channels involving infrared, red, and
green channels, coniferous forests in July
images appear red, as they are the only
ones containing chlorophyll in their leaves.

The combination of spectral channels
SWIRI-NIR-SWIR2 does not include any
channel from the visible range, and coniferous
forests appear blue. This combination most
distinctly  highlights coniferous vegetation.

For reliable decoding of tree species in
forests from satellite images during the summer
period, data from the near-infrared channel is
sufficiently reliable. In this channel, the crowns of
leaves from small-leaved trees are visible in the
images and have a higher reflectance coefficient
compared to, for example, dark-coniferous and
light-coniferoustrees. Itisalso worthnoting thatthe
Red Edge spectral channel (transitional between
red and near-infrared) (Shikhov A.N. et al., 2020).

Thus, during the summer months,
there is a general sharp increase in the near-
infrared channel for all tree species, but
the difference between species remains.

It should be noted that in the visible
spectrum, the  differences in  spectral
brightness between different tree species
in images during the autumn period are
more informative than in the summer.

The study of vegetation indices has shown
that they also effectively reflect the stages of
phenological development. However, for the
most effective recognition, it is necessary to use
the vegetation index not as a static feature. A
characteristic feature, especially for deciduous
tree species, is not the vegetation index itself but
its temporal changes, which reflect the succession
of phenological phases. Since the difference in
the rate of phenological development between
different tree species can be about a week, it is
advisable to select May and October images
with a one-week interval, which is possible for
satellites like Landsat or, for example, Landsat 9.

Table 1

The changes in NDVI values characterize tree species in different months (Munzer Nur., 2021).

Apnil May Tune Tuby August  [September [October
Birch |0,223388 ]0,520894 0,70422 [0,599157 [0,505741 [0.51205  )0,310513
Elm |IZJ.18?91? 0,518508 10706061 |0.602858 10493664 10315241 10300569
Oak [0,21253 |0,514159 0,720115 [0,603434 [0,507393 [0,526989 [0,208002
Spruce |D.1'?93515 0,467238 10,650801 |0,527463 [0,446408 1048188  [0,343200
Willow |0,158225 J0.495745 [0,681883 [0,610151 [0.489762 [0,533074 [0.317474
Maple |D,133?§H5 0,495663 [0,712973 ]ﬂ,ﬁ]ﬁ?ﬁﬁ 0,344504 [0,317367 0, 282917
Linden |ﬂ.".'0391? 048000 [0,723287 |ﬂ,ﬁﬂ$ﬂ% 0, 500002 [0,517264 10,285788
Larch |0,19222  10,530846 0,691004 [0,589156 [0,487296 [0,506282 [0,280621
Alder ||::|,1i'9452 04714  [0,692859 |0,603093 |0,50622 051977 10324855
Aspen |0,210263 [0,497455 0,694743 [0,582202 [0,499274 [0,511341  [0,204668
Rowan ||3|,1'252215 04809  [0,61932 |0,600558 [0,519563 |0,561196 [0,371189
Pine |0,28086 [0.481667 |0.63969 [0,531283 |0,45109 [0.476954 0,369742
Aszh |D,1592?ﬁ 0,449726 [0,663223 ]{J,S?EEIE 0,466309 [0, 485688 |0, 257846

For the most effective recognition, it is
necessarytouseacombinationofdifferentvegetation
indices. More comprehensive information about
the on-site situation is provided by index images.
Among the numerous spectral indices, vegetation
indices are of the greatest interest for identifying
tree species in forest vegetation (Munzer Nur.,
2021). Based on the analysis of literary sources,
spectral index indicators (NDVI, EVI, SAVI,

NDMI) were calculated for differentiating the
species composition of forest vegetation, and
they differ in the complexity of computational
operations. In the process of analyzing the results
of mapping index calculations, it was found
that the most indicative indices for determining
tree species in forest vegetation at the level of
individual indicators, based on Landsat 9 A-B
data, are the normalized NDVI and EVI indices.
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We analyzed the NDVI (Normalized
Difference Vegetation Index), which is one of the
most common vegetation indices widely used in
remote sensing tasks. The advantage of using this
index lies in having spectral brightness coefficients
measured in each of the channels in both the
numerator and denominator, allowing a significant
reduction in the influence of the atmosphere
and observation geometry. This enables a more
accurate comparison of measurements taken
at different times. The seasonal dynamics
of chlorophyll content in tree leaves can be
visually represented through graphs showing the
seasonal dynamics of NDVI. Table 1 presents the
average NDVI values by month for tree species.

The change in average values of the
Normalized Difference Vegetation Index (NDVI)
allows for the classification of the forested area
into classes based on the values of this index.
This is because different tree species have distinct
periods of vegetation, leaf unfolding, and leaf fall,
which is well reflected in the NDVI vegetation
index and allows for the identification of certain
tree species. Based on the analysis of NDVI
map values, the following conclusions were

drawn for the territory of the Kostanay region.

These indices provide the ability to make
a detailed distinction between deciduous forests
against the dominance of coniferous tree species
and classify deciduous species into broad-leaved
(birch) and other broad-leaved. NDVI and
other spectral vegetation indices are not perfect
indicators of plant biomass, but with careful
analysis, they can be effective in differentiating the
species composition of forest vegetation (Figure 4).

The research revealed that during the
period of leaf unfolding and canopy establishment
from May to September, the NDVI values for
deciduous trees increase. The NDVI values for
deciduous trees range from 0.55 to 0.60, while
coniferous forests, such as pine, have values
ranging from 0.48 to 0.35 according to our
calculations. During the summer months, the
NDVI values for deciduous trees show an increase.

Clearly, during the period of leaf fall
and leaf unfolding from October to April,
coniferous vegetation will have the highest
NDVI values, allowing for the differentiation
of coniferous species from deciduous ones.

| WOV indicators
Bl o4z 033
| I 033 -0
| [ 0.0 - 000
| | 0,09 - 0,22

| 32 0.8

| 0,48 - 0,55

| I 0.35 - 081

Fig. 2. Indicators of the normalized vegetation index (NDVI) for the Kostanay region based on the
materials of the Landsat 9 satellite survey, July 2023
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Closer to October, a decline in the NDVI
values of deciduous trees is observed. When
analyzing the seasonal dynamics of NDVI, it
was found that the values of the index are higher
in the summer months (June-July) than in the
autumn months (September and October). This
can be explained by the seasonal dynamics of
the vegetation index, as plants go through all
stages of vegetation during the season. As the
phases of vegetative development change, the
composition and content of pigments in plant
leaves change, and the biomass increases, along
with the amount of chlorophyll in green leaves.

As  chlorophyll accumulates, the
brightness of plants decreases in the visible
part of the spectrum, increases in the red,
and especially in the infrared region. This
explains the increase in the value of the
normalized difference vegetation index (NDVI).

With the breakdown of chlorophyll
in the autumn months, the opposite picture is
observed — brightness increases in the red zone,
and decreases in the near-infrared, as seen in the
analysis of the October image. NDVI values in
October for deciduous forests are significantly
lower than in the summer months. The decrease in
index values is associated with vegetation drying
out and, consequently, low chlorophyll content.
This fact indicates the reliability of the applied
methods in analyzing vegetation conditions.

It is known that forests of different
species can demonstrate different dynamics
of phenological development. For example,
the appearance of leaves on birch trees
usually occurs earlier than on other trees. May
images generally confirm this fact, as birch,
willow, maple, and rowan have the highest
index values compared to other species.

The existence of differences in the
phenological dynamics of tree species allows
for the possibility of detecting differences
in the dynamics of their spectral reflectance
characteristics based on regular high-frequency
satellite  observations. This dynamic is
particularly evident in early May, September,
and early October images, as confirmed by
principal component images where vegetation
differentiation is maximal. It is also worth
noting that the most significant differences
in dynamics occur in these months, and the

difference in phenological development can be
about a week. This underscores the requirement
for timely imaging, which should coincide with
these periods. Open satellite data that meet such
timeliness requirements include images from
the Copernicus project’s Landsat 9 satellites.

Materials from high spatial resolution
satellite imagery provided the opportunity to
ensure the high accuracy of reference data.

They are an integral part of the stage
of performing a controlled (with training)
classification necessary for the further creation
of a map of woody species of forest vegetation
of the Kostanay region according to the
data of the Landsat 9 A-B satellite survey.

Image classification is an important part
of remote sensing, image analysis, and pattern
recognition. Among the possible options for
supervised classification, the Mahalanobis
distance method was chosen. The advantage
of this classification method lies in taking into
account multiple variables that are correlated
with each other. Based on the data of the
performed classification, a map of tree species
of forest vegetation in the Kostanay region was
compiled and prepared. Further differentiation
and grouping into forest cover classes in the
Kostanay region were carried out according
to the data of the digital elevation model, the
geological-geomorphological features of the
research region, field studies conducted in 2023,
thematic maps, and the physical geography of
the studied area (Pugachev P.G., 1994, Vilesov
E.N. et al. 2009, A.R. Medeu et al., 2010).

As a result of the conducted research,
we identified 6 classes of forest stands in the
Kostanay region, associated with specific
geological-geomorphological areas and
characterized by zonal features (Figure 3).

According to the geological-
geomorphological features, the forest stands in
the Kostanay region were differentiated into the
following classes: 1) Forests of residual, erosion-
denudation small watersheds (hilly watershed and
hilly-valley plains) (300...450 meters above sea
level); 2) Forests of abrasion-denudation layer-
pedestal plains (low-undulating and hollow-
basin with eluvial cover) (250...350 meters above
sea level); 3) Forests of accumulative-denudation
layer plains (200...300 meters above sea level);
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Fig. 3. Map of tree species of forest vegetation in the Kostanay region based on the materials of
the Landsat 9 satellite imagery as of July 15, 2023

4) Forests of acolian plains and convex watersheds
(150...200 meters above sea level); 5) Forests of
river alluvial plains (low river terraces), terraces,
and slope-valley locations (100...150 meters
above sea level); 6) Flat floodplain terraces
of low level (0...130 meters above sea level).

CONCLUSION

Analyzing the Forest Tree Species Map of
the Kostanay Region compiled during the study,
obtained through Landsat 9 satellite imagery,
it can be noted that areas with birch vegetation
have a higher vegetation index compared to
pine forest areas. Assessing the applicability of
this methodological approach, which involves
the use of an algorithm for forest mapping, it
is necessary to emphasize that the accuracy of
the generated maps depends on the quality and
quantity of the training dataset. In images with a
resolution of 10 meters, the spectral information

of one pixel is a complex combination of
radiation reflected from several trees, possibly
of different species, and the underlying surface.

The results obtained by us provide grounds
to conclude that by applying this methodological
approach to higher spatial resolution satellite
imagery, a more reliable classification of tree
species can be achieved.

Thus, the methods we employed for
identifying tree species in the forest vegetation
of the Kostanay Region allowed for the
differentiation of classes of forest-forming tree
species in the region through the processing and
analysis of remote sensing data, field research
data (July 2023), and specialized literature.
The synthesis method of simultaneous index
and multispectral images proposed in the study
enables the identification of tree species and their
qualitative condition.
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As a result of the conducted research in
the Kostanay Region, we identified coniferous
and deciduous forest-forming tree species in
the studied region, such as pine, birch, aspen,
larch, shrub thickets, and meadow vegetation.
Further differentiation of forest stands based
on physiogeographical features (landscape
characteristics) allowed us to categorize them
into 6 classes of forest stands and conduct their

mapping.

This study was undertaken as part of grant
funding for scientists awarded for scientific and (or)
scientific and technical projects from 2023 to 2025
by the Ministry of Science and Higher Education of
the Republic of Kazakhstan (IRN Ne AP19678305).
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Foutbimu 3eprrey Oapoichinga KocTtanaii 0ONBICHIHBIH OpMaH ©CIMIIKTEPiHIH aFall Typiepi
aHBIKTAJ/IBI ’KOHE OpPMaH OCIMAIKTEPiHIH KapTachl KYpacTBHIPBUIIBI 9p TYpAl AepeKTep O0oii-
BIHIINIA: JATANIBIK MaTepuaiaap, XKep/i KalmbIKTIKTaH 30H1Tay MaTiMeTTepi xkoHe ArcGIS10.9
OarmapraMaibIK KYpasblH Naiiagany apKbeUIbl )KOHE apHalbl o1e0MeTTep MaTepHaigaphl He-
rizigzae. JKorapbl KeHICTIKTIK aXKbIPaTbUIBIMIIBIKICH cunarTaibiHaThiH Landsat 9 cnyTHUKTIK
CypeTTepi HEeTi31H/Ie OPMaH arallITapbIHBIH TYPJEPiH aHBIKTAY OOMBIHIIIA OpPEKETTEp aNTOPUTMIi
xacanasl. OpMaH KypayIibl HEri3ri aram TypiiepiH aHblkTay Landsat 9 cmexrpmi kaHanna-
PBIHBIH KOMOMHAIMACHI HETI31H/E, KBUIIBIH 9PTYPIi MayCHIMBIHIAFbl ©CIMAIKTEPAiH WHACK-
crepin (NDVI, EVI) 3eprrey xoHe OakplIaHATHIH KEPTUTIKTI OeHiMIeTy KIaCCHU(pUKAIHICHI
HET131H/I€ JKY3€Te achIphULABI. AJBIHFAH JEpEeKTep AaNanblK 3eprreyaepaid (2023 KbUIFbl Ta-
MBI3-KBIPKYHEK) KOHE OpMaH MIapyallbUIBIFBIHBIH MaTepuainapsiMer Tekcepinal. Tapmanran
opekerTep anroputmi JKepsi KalIbIKTBIKTaH 30HATAy ApKbUIbI abIHFAH FAPBIIITHIK CYpeT-
TEpiHIH JAepEeKTEepPiHEH KAKETTI MaTepUaIbl ATy KoHE OHJEYIIH €H 63€KTi TOCUIIEPIH Ky3ere
aceIpanel. Kocranaili oOnbICEIHBIH OpMaH ©CIMIIKTEpPiHIH KapTachblH OaH dpi capajay >KoHe
KYpacThIpY OpMaH ©CIMAIKTEPiHIH aFall Typiepi KapTachl, TUGPIBIK penabed YIriCiHiH Jepek-
Tepi, 3epTTENETIH allMaKTBIH T'€OJIOTUSIIBIK JKOHE Te€OMOPQOIOTHIIBIK epPEeKIIeTIKTepl, KYp-
Ti3UITeH ajaliblK 3epTTEYNIep , TAKBIPBINTHIK KapTalapIblH MaTepUaIIaphl )KOHE 3€PTTENETIH
alMaKThIH (PU3HKAIBIK reorpadusachl HET131H/e Ky3ere achlpbUIIbL. 3epTTey HoTmxReciHae Ko-
CTaHail OOJBICHIHBIH ayMarbIH/1a OPMaH aJKaNTapbIHBIH 6 KJIAChIH aHBIKTAJIBIIT COHBIMEH KaTap
aliMaKTa aKUIBUIKBLUIKAHIBI, JKaIbIPAKThl OPMaH KYpaylIbl TYPIEpi aHBIKTAJbI, OHBIH 1IIIH]IE
Kaparai, KailblH, KOKTepeK, Kaparaii, OyTa >KoHe IIaJFbIHIBI eciMIikTep. by 3eprrey anro-
pUTMiH Oacka 3epTrey OOBEKTUIEpiHe KOolJaHyFa Oosajpl KOHE MPAKTHKAIBIK MaHbBI3bI 0ap.

TyiiiH ce3mep: opmaH ecimaikTepi, aram Typiepi, Koctanaii 00mbICH, CIEKTPIIIK apHaIap, Aemudpiey, reo-
aKnaparThbIK JKyinenep.

OIIPEJIEJIEHUE ITOPOJIHOT'O COCTABA JIECHOU PACTUTEJIbHOCTH
KOCTAHAMCKOM OBJACTH IO JJAHHBIM JUCTAHIIMOHHOI'O 30HINPOBAHMUSI
3EMJIN

7K.O. O3requnoBa' PhD, A.A. Kaunryxuna'* PhD, 2K.T. Mykaes? PhD, M.M. YabiknaHosa',
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E-mail: altyn8828@mail.ru

B mpouecce HaydyHOro wuccieqoBaHUs ObUIM ONpEAENCHBbl JPEBECHBIE MOPOJBI M CO3JaHa
KapTa JecHOM pactutenbHocTH KocTaHaiickoil 001acTh Ha OCHOBE Pa3IMYHbBIX JaHHBIX: I10-
JIEBBIX MaTEpUaJOB, JAHHBIX JUCTAHIIMOHHOIO 30HAMPOBAHUS 3€MJIM U C HCIOJIb30BAaHUEM
nporpamMmHoro cpenctsa ArcGIS10.9, marepuanos crennansHoOi nuteparypbl. Co3maH an-
TOPUTM JIEMCTBUM JUIS BBISBIEHUS APEBECHBIX IOPO JIECOB IO MarepHajiaM KOCMHUYECKUX
cauMkoB Landsat 9, XxapakTepu3yromuXcs BBICOKUM MPOCTPAHCTBEHHBIM pa3pelieHUEM.
Pacno3naBanue mnpeoOrafalonMX APEBECHBIX MOPOA JecO00pa3ylomuX IMOPOJ BBITOIHS-
JIOCh Ha OCHOBE PA3IMYHBIX KOMOWHAIIMK CHEKTPaJbHBIX KaHaioB cHUMKa Landsat 9, uccre-
noBaHMIO BeretamoHHbIX MHAEKCOB (NDVI, EVI) B pasnuunble ce30HBI T0J1a U KOHTPOJIU-
pyeMoi JIOKalIbHO-aJallTUBHOM Kiaccupukanun ¢ oOydeHueM. [lomydeHHble AaHHbBIE OBLIH
BepU(PUIIMPOBAHBl ¢ MaTepualaMU IOJIEBbIX HCCleAoBaHUM (aBryct-ceHTs0ps 2023) u je-
coycTpoiicTBa. BplOpaHHBIN anropuT™m JeicTBH peanu3yeT Hambosiee aKTyalbHbIE MOIXO-
JIbl K TIOJTyYeHHIO U 00paboTKe HEOOXOIMMOTO MaTepuaia U3 JaHHBIX KOCMUYECKUX CHUMKOB
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JUCTAHIIMOHHOTO 30HAMpoBaHus 3emin. JlanpHeimas auddepeHuranust 1 co3AaHue KapThl
necHoi pactutenbHocTH KocTanaiickol 001acTi OCyIIECTBISIIOCH HA OCHOBE CO3/IaHHOM Kap-
T€ JPEBECHBIX MOPOJI JIECHOW PACTUTEIBLHOCTH, JaHHBIM U(POBON MOJENH pesbeda, reono-
ro-reoMopoJIOTUYECKUM OCOOCHHOCTSIM PETHOHA HCCJIEeIOBaHUS, MPOBEACHHBIM TOJIEBBIM
UCCIIeIOBaHUSIM, MaTepuagaM TeMaTHUYeCKUX KapT U (u3nyeckoil reorpaduu uccieayeMoro
peruoHa. B pe3ynbraTe mpoBeeHHBIX Hccea0BaHuN Ha TeppuTopun KocTtaHaiickoi obnactu
OBLIO BBIIECNIEHO 6 KJIACCOB JIECHBIX MAacCCHUBOB M OBbLIN BbIIEJIEHBI CBETIIOXBOWHBIC, TUCTBEH-
HBIE JIeCO0Opa3yolue MOpoabl, TAKME KaK COCHBI, Oepe3bl, OCUHBI, JINCTBEHHHUIIA, KyCTapHU-
KOBBIE 3apPOCIIU U JIyTOBasi paCTUTENBHOCTD. JJaHHBIN alropuT™M MPOBEACHHBIX UCCIIETOBAHUMI
MOTYT OBITh IPUMEHEH Ha JAPYTUX 00bEKTaX UCCIEAOBAHUS U UMEET MPAKTUUECKOE 3HAUYCHUE.

KiroueBble cijioBa: ecHasi pacTUTEIBHOCTD, ApeBecHble opossl, KocTanalickas o0nacTb, crieKTpajIbHbIe
KaHaJIbl, e (ppUpOBaHHE, TeONH(DOPMALINOHHBIE CUCTEMBI.
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