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Abstract. This study presents the development of an interactive web-based mapping system
for monitoring the ecological condition of the Lower Amu Darya State Biosphere Reserve using the
Google Earth Engine (GEE) platform. The research utilizes high-resolution Sentinel-2 satellite
imagery to analyze spatial and temporal changes in vegetation cover, water bodies, and land surface
conditions. Spectral indices, including the Normalized Difference Vegetation Index (NDVI) and the
Normalized Difference Water Index (NDWI), were calculated to evaluate vegetation health, moisture
distribution, and seasonal ecological dynamics across the reserve. The methodological framework
involves cloud-based processing of remote sensing data, statistical analysis of spectral indices, and
visualization of results through an interactive web map interface. The developed web application
enables users to examine monthly ecological changes, classify index values, and assess spatial
distributions of vegetation and water resources. The results demonstrate that integrating remote
sensing technologies with cloud-based geospatial platforms significantly improves environmental
monitoring, supports sustainable ecosystem management, and enhances decision-making processes
in protected natural areas.

Keywords: Google Earth Engine, web map, remote sensing, Sentinel-2, environmental
monitoring, biosphere reserve.

Introduction.

In recent years, the intensification of environmental problems on a global scale, in particular
climate change, depletion of water resources, increased desertification processes and reduction of
biodiversity, creates the need for continuous and systematic monitoring of protected natural areas. In
particular, biosphere reserves located in river deltas and semi-arid regions are considered the most
vulnerable ecosystems in terms of ecology, and assessing their condition based on modern scientific
approaches is one of the urgent tasks.

Traditional field observations and monitoring methods based on statistical data are limited in
their ability to cover large areas, continuously monitor over time, and determine the dynamics of
ecological processes. Therefore, innovative approaches based on remote sensing and geoinformation
technologies are widely used in ecological research. These technologies allow obtaining high-
precision, regularly updated and spatially rich information about the state of the earth's surface.

In this process, the Google Earth Engine has emerged as one of the largest and most advanced
geoinformation tools at the global scale. By integrating a multi-year archive of satellite imagery,
powerful cloud-based computational resources, and code-driven analytical capabilities, the platform
has elevated environmental monitoring to a new level. Google Earth Engine enables the rapid analysis
and visualization of large volumes of spatial data without local technical limitations.
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Among remote sensing datasets, Sentinel-2 satellite imagery holds particular significance for
environmental monitoring. Its high spatial resolution, broad spectral range, and short revisit period
provide a reliable basis for detecting changes in vegetation cover, water bodies, and land cover.
Spectral indices derived from these data allow for the quantitative assessment of ecological processes.

The primary objective of this study is to assess the ecological condition of the Lower Amu
Darya State Biosphere Reserve using the Google Earth Engine platform and Sentinel-2 satellite data,
to identify key ecological processes through spectral indices, and to present the results in the form of
an interactive web map. This approach contributes to the development of a sustainable ecological
monitoring framework for biosphere reserves, provides a scientific basis for environmental protection
measures, and supports evidence-based territorial management and decision-making processes.

Materials and method:

Study area. This study was conducted within the Lower Amu Darya State Biosphere Reserve,
located in the northwestern part of the Republic of Uzbekistan, within the Republic of
Karakalpakstan, and encompassing the lower reaches of the Amu Darya River. The reserve represents
one of the most significant river—delta ecosystems in Central Asia and is distinguished by its unique
natural conditions and rich biodiversity.

The territory of the Lower Amu Darya State Biosphere Reserve is predominantly
characterized by lowland landscapes, with absolute elevations ranging on average between 70 and 90
meters above sea level. From a geomorphological perspective, the area is defined by deltaic
formations and alluvial plains. As a result of the long-term fluvial activity of the Amu Darya River,
the landscape includes numerous abandoned river channels, wetlands, and extensive alluvial deposits.

Figure 1. Lower Amu Darya State Biosphere Reserve.

The territory is characterized by a sharply continental climate, with extremely hot and arid
summers and relatively cold winters. Annual precipitation is low and occurs predominantly during
the winter and spring months. Elevated air temperatures combined with high evapotranspiration rates
adversely affect the regional moisture regime, thereby accelerating processes of desertification and
soil salinization [7]. These climatic conditions constitute one of the principal limiting factors for
maintaining the ecological stability of the Lower Amu Darya State Biosphere Reserve.

The hydrological regime of the Lower Amu Darya State Biosphere Reserve is entirely
dependent on the discharge of the Amu Darya River. In recent decades, intensive water withdrawal
in the upstream reaches, the expansion of irrigation networks, and the impacts of climate change have
led to a marked reduction in water inflow to the downstream areas. This decline has resulted in the
contraction of wetland ecosystems, degradation of tugai forests, and a progressive loss of biodiversity

[11].
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Within the reserve, tugai forests constitute the dominant vegetation cover. These floodplain
forests are characteristic of the Amu Darya delta and represent highly water-dependent and
ecologically sensitive ecosystems. A decline in water availability has led to the desiccation of tugai
stands, shifts in species composition, and the transformation of certain areas into open and bare lands.
In addition to tugai forests, extensive reed beds, aquatic vegetation, and semi-desert landscapes are
widely distributed across the territory. Given the vast spatial extent of the Lower Amu Darya State
Biosphere Reserve, comprehensive assessment of its ecological condition through conventional field-
based observations alone remains limited. In this context, satellite remote sensing data provide an
effective and scalable solution. In particular, high-resolution imagery from Sentinel-2 plays a crucial
role in detecting and analyzing spatial and temporal dynamics of vegetation cover, surface water
bodies, and land cover changes [8].

Methodology. In this study, open-access and reliable remote sensing datasets available within
the Google Earth Engine (GEE) platform were utilized. To ensure a comprehensive assessment of the
ecological condition of the study area, satellite imagery operating in the optical spectral range was
selected as the primary source of information.

Imagery acquired by the Sentinel-2 mission served as the principal dataset. With a spatial
resolution of 10-20 meters and a revisit cycle of approximately five days, Sentinel-2 enables
continuous monitoring of vegetation dynamics, surface water bodies, and land cover changes in
complex ecosystems such as the Lower Amu Darya State Biosphere Reserve [3].

For the purposes of this research, imagery corresponding to the 2024 vegetation period was
selected, allowing for the analysis of both seasonal and intra-annual variations. Only scenes with
cloud cover below 10% were retained, thereby improving the accuracy and reliability of the results.

The administrative boundaries of the Lower Amu Darya State Biosphere Reserve were
adopted as the study area. The boundaries were defined in vector (polygon) format and imported into
the GEE environment. Accurate delineation of the study area is essential for the proper calculation of
spectral indices and for ensuring the statistical validity of spatial analyses [2].

After defining the ROI (Region of Interest), all satellite images were clipped strictly to the
boundaries of the study area. This procedure reduced redundant data volume and significantly
improved computational efficiency during subsequent processing steps.

Satellite imagery was retrieved from the Google Earth Engine archive, specifically from the
Sentinel-2 COPERNICUS/S2 SR HARMONIZED  collection. This dataset consists of
atmospherically corrected surface reflectance products, providing physically consistent spectral
reflectance values from the Earth’s surface.

The imagery was filtered according to the following criteria:

Spatial filtering based on the study area boundaries;

Temporal filtering covering the period from March to October 2024;

Cloud cover constraint (CLOUDY PIXEL PERCENTAGE < 10%).

This stage ensured high data quality and minimized potential errors in the calculation of
spectral indices.

To assess the ecological condition of the territory, key spectral indices characterizing
vegetation and surface water were computed. Among them, the Normalized Difference Vegetation
Index (NDVI) is widely applied for evaluating vegetation density and health status.

It was calculated using the following formula:

(NIR — RED)

NDVI = (NIR + RED)

where:

NIR refers to the near-infrared band (Sentinel-2: BS);

RED refers to the red spectral band (Sentinel-2: B4).

Higher NDVI values indicate dense and healthy vegetation, whereas low or negative values
correspond to bare land, water surfaces, or degraded areas.

The NDWI (Normalized Difference Water Index) was used to identify water bodies and

monitor moisture conditions. The index was calculated using the following formula:
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Green — NIR

NDW] = ————
Green + NIR

where:

GREEN - green spectral band (B3),

NIR — near-infrared band (BS8).

Positive NDWI values indicate the presence of water bodies, while negative values correspond
to dry areas.

The NDWI index enables the identification of open water bodies and the assessment of their
spatial distribution. Using this index, river channels, reservoirs, seasonal lakes, and wetlands can be
delineated, and their dynamic changes throughout the vegetation period can be analyzed. A decline
in NDWI values clearly reflects the reduction of water surfaces and highlights areas experiencing
increasing water scarcity [5].

Figure 2. Plot of NDWI indices by region, by month.

Spectral indices were calculated based on annual and seasonal mean values. This approach
allowed for the assessment of temporal dynamics of ecological processes. Using the statistical
functions of Google Earth Engine, the monthly minimum, maximum, and mean values of NDVI and
NDWTI across the study area were determined, enabling an evaluation of ecological change trends.

Results and discussion. Using Sentinel-2 satellite imagery processed within the Google Earth
Engine environment, the ecological condition of the Lower Amu Darya State Biosphere Reserve was
comprehensively assessed. The calculated spectral indices indicated a high degree of spatial variation
in ecological processes across the reserve.

The results of NDVI and NDWTI analyses revealed that ecological patterns are strongly
influenced by the hydrological regime, topographic features, and soil conditions. In particular,
vegetation cover in the low-lying areas along the Amu Darya River remained relatively stable, while
regions with limited water availability showed intensified processes of ecological degradation.
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Figure 3. Monthly changes in NDVI vegetation cover in 2024 (in the GEE platform window).

The seasonal dynamics of the NDVTI index throughout 2024 were clearly observed. In March,
vegetation was not yet fully developed, resulting in low NDVI values. During April and May, the
spring growth phase commenced, and NDVI values increased rapidly. From June to July, vegetation
reached its peak development stage, with the index attaining its highest values. Starting in August,
reduced moisture availability led to a slight decline in NDVI. In September and October, vegetation
weakened, and NDVI values fell to moderate and low levels.

Overall, the NDVI dynamics were found to be directly linked to the seasonal climatic
conditions and the hydrological regime of the region [10].

Temporal variations in NDVI (time-series) provide valuable functional information on crop
productivity and can be used to identify and highlight anomalies in growth patterns. NDVI enables
the detection of areas with reduced productivity caused by disease, natural disasters, or other stress
factors during the vegetation season.

Since functional productivity data are based on field observations and measurements,
calibration and validation are required before applying them to other regions [11].
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Figure 4. Monthly changes in NDWI vegetation cover in 2024 (in the GEE platform window)

233



Ne2 (55) 2026

«Yessenov Science Journal»

70000
60000
50000
40000
30000
20000
10000

0
March

April

May

NDVI 2024

June

July

><_/__-—~—T‘:'—::-——-—\-_;

August September October

80000
78000
76000
74000
72000
70000
68000
66000
64000

NDWI 2024

=

—+—Water Surfaces (ha) —=—Very Sparse (ha) March April May June July August September October

=+=Dense (ha) Very Dense (ha)

Medium (ha)

—s—Very dry (ha) —s=Dry (ha) ‘Wetsoil (ha) —=—Water (ha)

Figure 5. Monthly changes in NDVI and NDWTI indices in 2024.

The 2024 data indicate a predominance of arid conditions across the study area. Throughout
the year, the majority of the territory fell under the “very dry” category, reflecting the region’s
climatic characteristics, including high summer temperatures and intensive evapotranspiration
processes.

During the spring months (March—April), soil moisture remained relatively stable; however,
starting in May, the proportion of very dry areas increased. In the summer months (June—August),
drought conditions persisted, with dry and very dry areas dominating the landscape. At the same time,
slight increases in moist soil were observed in certain locations around mid-summer, likely due to
irrigation or localized water accumulation.

At the beginning of autumn (September), a relative increase in moist soils was noted,
attributed to lower temperatures and reduced evaporation. Nevertheless, by October, dry conditions
once again prevailed.

Overall, while seasonal variations in soil moisture were observed in 2024, dry and very dry
lands consistently constituted the largest proportion of the territory. Water bodies remained limited
in extent throughout the entire year.

The analysis demonstrates that during the spring months, an increase in NDWI values
(indicating higher surface and soil moisture availability) leads to a corresponding rise in NDVI. This
pattern reflects the transition of vegetation into an active growth phase, characterized by intensified
photosynthetic activity and rapid biomass accumulation. Enhanced precipitation and improved soil
moisture conditions in spring create favorable environmental settings for vegetation development.
During the summer season, vegetation typically reaches its peak growth stage, and NDVI records its
highest values. In certain areas, NDWI remains relatively stable due to irrigation practices or the
persistence of moisture in the soil profile. In irrigated landscapes in particular, the positive correlation
between NDWI and NDVI becomes more pronounced, as artificial water supply sustains vegetation
vigor despite elevated temperatures and increased evapotranspiration rates. In autumn, declining
precipitation and intensified evapotranspiration processes result in reduced moisture availability,
reflected by decreasing NDWI values. Consequently, NDVI also declines, indicating a reduction in
vegetation density and biomass. This seasonal pattern corresponds to the phenological transition
toward the end of the growing period. Overall, NDWI represents one of the principal natural drivers
of vegetation dynamics and exhibits a positive correlation with NDVI. The observed relationship
between these two indices is of considerable scientific and practical significance for assessing
regional ecological conditions, analyzing moisture—vegetation system dynamics, and evaluating the
influence of climatic factors on ecosystem functioning.

Discussion of the results obtained based on the web map. The developed web map was
created using the Google Earth Engine (GEE) platform, where NDVI (Normalized Difference
Vegetation Index) and NDWI (Normalized Difference Water Index) were calculated and classified
on a monthly basis from March to October using Google Earth Engine and Sentinel-2 satellite
imagery [12].

The web application provides an interactive interface that enables users to visualize monthly
index values, examine their classification by thematic classes, and assess the spatial distribution of
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each class in terms of area (hectares). This functionality allows for dynamic analysis of vegetation
and moisture conditions throughout the growing season, facilitating both temporal comparison and
spatial assessment of environmental changes.

# Google EarthEngine o - ¥ Google EarthEngine o,
freeos T (T - W e e W) IR T e T (T =W~ e W) e
- IR | | o row oo e E—
o
G
R
< 4
S
]
e B NN
# GoogeEarthEngine  Q

T — T Y = W = = T = e T
MO+ N Mty Web M o [T

Figure 6. Interactive web map of the Lower Amu Darya State Biosphere Reserve.
(https://ee-alishernuratdinov.projects.earthengine.app/view/lower-amu-darya-state-biosphere-
reserve-web-maps)

This web application enables users to visualize monthly index values in a map format, analyze
these values according to classification, and conduct a statistical assessment of changes within the
territorial domain.

The NDVI index is categorized into five classes to evaluate the state of vegetation within the
reserve. This classification facilitates the identification of zones characterized by very low, low,
medium, high, and very high vegetation. In March 2024, NDVI values predominantly fall within the
low and medium categories, suggesting that plant development is not yet at its peak. Commencing in
April, there is observable increased plant activity, leading to an expansion of the area classified under
the higher categories. Throughout May, June, and July, NDVI values approach their maximum, with
the upper and very high classifications encompassing a significant portion of the reserve's territory.
Beginning in August, a decline in plant numbers is noted, accompanied by a reduction in the area
represented by the higher classes. In September and October, an increase in the proportion of lower
and medium classes is evident, indicating the conclusion of the growing season. The web map
computes the area of each class individually and illustrates the month-to-month dynamics of change.

The NDWI index was classified into four categories to assess the water and moisture regime
of the study area: very low moisture, low moisture, moderate moisture, and high moisture zones. In
March 2024, NDWI values were generally at a moderate level, with higher moisture conditions
observed in certain low-lying areas. In April and May, due to spring runoff and increased moisture
availability, the spatial extent of high-moisture classes expanded. Beginning in June, rising air
temperatures led to a reduction in moisture availability, and NDWI values exhibited a declining trend.
In July and August, the area covered by low-moisture classes increased, reflecting typical summer
arid conditions. In September and October, moisture conditions partially recovered, resulting in a
renewed expansion of moderate and high-moisture classes. The interactive web map provides a color-
coded visualization of the spatial distribution of NDVI and NDWI for each month, while area
statistics for each class are automatically calculated. This functionality enables precise analysis of
seasonal vegetation dynamics and water—moisture regime variations within the reserve, supports the
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assessment of ecological processes, and contributes to the effective organization of environmental
monitoring.

In general, the created web map allows:

remote ecological monitoring of the area,

rapid assessment of vegetation and moisture changes,

use as a visual analysis tool for scientific research and dissertation work,

creation of a database for making management decisions.

Thus, the developed NDVI-NDWI web map is an effective, modern and interactive
monitoring tool for displaying the seasonal ecological dynamics of the area.

Suggestions and recommendations. Based on the findings of this study, a series of
recommendations has been formulated to enhance environmental monitoring within the Lower
Amudarya State Biosphere Reserve, provide scientific justification for environmental protection
measures, and promote the integration of contemporary geoinformation technologies into practice.

First, it is essential to establish a continuous and systematic ecological monitoring framework
within the biosphere reserve. This system should be organized on the basis of Google Earth Engine
and supported by Sentinel-2 satellite imagery to ensure regular observation of vegetation cover, water
bodies, and land cover dynamics. Such an approach would enable the early detection of negative
ecological trends and facilitate timely management interventions.

Second, in assessing vegetation conditions and water regimes, it is recommended not to rely
solely on NDVI and NDWI, but also to incorporate additional spectral indices such as Soil-Adjusted
Vegetation Index (SAVI), Enhanced Vegetation Index (EVI), Normalized Difference Salinity Index
(NDSI), and Land Surface Temperature (LST). The integration of these indices would allow for a
more comprehensive evaluation of ecological processes related to soil salinity, moisture dynamics,
and thermal conditions.

Third, to improve the reliability of remote sensing results, systematic validation through field
observations and laboratory analyses is necessary. Comparing in situ measurements of soil salinity,
vegetation condition, and water quality with satellite-derived data would significantly enhance the
accuracy and credibility of monitoring outcomes.

Fourth, the developed interactive web map should be integrated into the operational activities
of organizations responsible for managing the biosphere reserve, as well as ecological inspection
authorities and research institutions. The application of this tool would facilitate the identification of
environmentally vulnerable areas, rapid assessment of monitoring results, and the scientific
substantiation of management decisions.

Fifth, for future studies, it is advisable to integrate artificial intelligence and machine learning
algorithms—such as Random Forest and change detection models—into the Google Earth Engine
environment to enable automated identification of ecological processes. This approach would reduce
human-induced errors in land cover change detection and improve the overall efficiency and
objectivity of environmental monitoring.

Conclusion. This study developed a modern web-cartographic approach for assessing and
monitoring the ecological condition of the Lower Amu Darya State Biosphere Reserve using the
capabilities of the Google Earth Engine platform. A complete technological workflow for remote
sensing data processing was implemented, covering all stages from delineation of the study area to
the calculation of spectral indices and the visualization of results in the form of an interactive web
map.

Sentinel-2 satellite imagery was selected as the primary data source. Its high spatial resolution
and regular revisit frequency enabled dynamic monitoring of ecological processes within the complex
ecosystem of the biosphere reserve. The spatial and temporal variability of the NDVI index, which
characterizes vegetation cover conditions, proved to be a significant indicator for identifying
degradation and regeneration processes in tugai forests. Furthermore, the NDWI results clearly
reflected reductions in water body extent and changes in the moisture regime.

The findings demonstrate that the web-cartographic approach functions not only as a scientific
analytical tool but also as an accessible and practical platform for organizations involved in
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environmental protection, regional administrative authorities, and ecological specialists. By
presenting ecological information in an interactive and comprehensible format, this approach
strengthens evidence-based decision-making and contributes to the establishment of a sustainable
management framework for biosphere reserves.
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AHHoTauusl. JlaHHOE UCClIeIOBaHHE IIOCBSILEHO pPa3pabOTKe HMHTEPAKTUBHON BeO-
KapTorpagpuueckon CUCTEMBI JUISL MOHUTOPHHTA 9KOJIOTMYECKOTO COCTOSIHUS
HuxHeaMyJapbMHCKOTO TOCYJapCTBEHHOTO OMOC(EpHOro 3aloBeHUKA C HCIOJb30BaHUEM
mnatdopmsl Google Earth Engine (GEE). B uccienoBanuu npuMeHsIOTCS CITyTHUKOBBIE CHUMKH
BBICOKOT'O MPOCTPAHCTBEHHOr0 pa3pelieHus Sentinel-2 a5 aHanu3a NpocTpaHCTBEHHO-BPEMEHHBIX
M3MEHEHUH pacTUTEILHOTO MOKPOBA, BOAHBIX OOBEKTOB U COCTOSHHUS 3€MHOW MOBEpXHOCTH. Jlis
OLIEHKU COCTOSIHMSI paCTUTEJIbHOCTH, PACIPEACICHHs BIark U CE30HHON JTUHAMUKU SKOJIOTHYECKUX
npoueccoB Obutd paccuuTansl criekrpanbHble HHAeKesl NDVI (Normalized Difference Vegetation
Index) 1 NDWI (Normalized Difference Water Index). MeTononorndueckuii moaxo/i BKIOYAET
o0nmayHyr0 00pabOTKy MJaHHBIX JAUCTAHIIMOHHOTO 30HJAMPOBAHUSA, CTATUCTUYCCKUN aHAIU3
CHEKTPAJIbHBIX HMHJEKCOB M BHU3YalU3alMI0 PE3yJbTAaTOB B BHUJIE WHTEPAKTUBHON BeO-KapThl.
Pa3paboranHoe BEO-MPUIIOKEHHWE IMO3BOJISIET I0JIB30BATENSIM  AHAJIU3HPOBATh  E€KEMECSUHBIE
HKOJIOTUYECKHE  M3MEHEHUs, Kilaccu(UUUpoBaTh  3HAUYEHUS  MHJEKCOB U OIICHMBATh
MIPOCTPAHCTBEHHOE  pACHpENeNIeHHe pPACTUTENBHOCTH M BOJHBIX pecypcoB. Pe3ynbTaThl
HCCIIEIOBAHMsI TMOKA3bIBAIOT, YTO MHTETpalys TEXHOJOTMH TUCTAHIIMOHHOI'O 30HIUPOBAHHS U
0o0JauHbIX TreoMH(OPMALMOHHBIX  IUIATGOPM  3HAYUTEIBHO  MOBBIMAET  AP(PEKTUBHOCTH
HKOJIOTUYECKOTO MOHMTOPHUHIA, CIOCOOCTBYET YCTOWYMBOMY YIIPAaBIEHUIO S3KOCHUCTEMaMH U
YITydIIaeT MPOIeCcC MPUHSITHS PEIICHUH Ha OXPAHSEMBIX TPUPOTHBIX TEPPUTOPHUSIX.

KawueBble ciaoBa: Google Earth Engine, BeG-kapra, JUCTaHIIMOHHOE 30HIUPOBAHHE,
Sentinel-2, 3K01I0TMYECKUNT MOHUTOPUHT, OMOC(EPHBII 3alI0BETHUK.

GOOGLE EARTH ENGINE IVIAT®OPMACBHI HET'T3IHJIE TOMEHI'1
AMYJAPUSA MEMJIEKETTIK BUOC®EPAJIBIK KOPBIFBIHBIH UHTEPAKTHUBTI
BEB-KAPTACBIH KYPY

A.Y. Hypataunos', IL.P. Peiimos!, P.H. Kakcri6aes', M.A. Kazak6aenaZ,

B.C. Akmbip3aeBa®, M.K. CyiimeHoBa?
9
'Kapaxanmak MemiexeTTik yausepcureti, Hykic, ©36excran
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Anparna. byn zeprrey Google Earth Engine (GEE) nmardopmaceiH naiiianana OTBIpHIIL,
Temenri Amypmapus MeEMIIEKETTIK Ouochepanblk pe3epBaThIHBIH —AKOJOTHSUIBIK JKaFIaiibIH
OaKpUIay IbIH HHTEPAKTUBTI BeO-KapTOrpadusyIbIK KYHECIH a3ipieyre apHanFad. 3epTTeyie oCiMIIK
JKaMBUIFBICBIHBIH, Cy OOBEKTUIEPIHIH J>KOHE >Kep OCTiHIH »KaFJalbIHbIH KEHICTIKTIK-YaKBITTHIK
e3repicTepin Tanpay ymiH Sentinel-2 oraphl KEHICTIKTIK a)KbIPaTbIMIBUIBIFBI Oap CIYTHUKTIK
CypeTTep KOJJaHbUIabl. OCIMIIKTEpAIH Kal-KYWiH, BUIFAIJBIH TapalyblH >KOHE SKOJIOTHSIIBIK
nporecTepIiH MayChIMABIK TUHAMUKAchiH Oaranay yirin NDVI (Normalized Difference Vegetation
Index) >xone NDWI (Normalized Difference Water Index) cmekTpiik HMHAEKCTEpl €CENTEi.
OpicTeMelNiK TOCUT KaIIbBIKTaH 30HATAY AEPeKTepiH OYITTHI OHAEYAl, CIEKTPIIK HHACKCTEpIi
CTATUCTHKAIBIK  TaJJayJbl  JKOHE  HOTWXKENEepJi  WHTCPAaKTUBTI  BeO-KapTa  TypiHIE
BU3YQIIM3aIUSUIAyIbl KAMTUJBL. O3IpJIIEHTeH BeO-KOCBIMINA MaiJajaHylIbUlapFa ail  CalbIHFBI
SKOJIOTHSUIBIK ©3TepICTEp/Il TalayFa, HHACKCTEPAIH MOHJIEPIH JKIKTEyre KOHE ©CIMIIKTEp MEH Cy
pecypcTapblHbIH KEHICTIKTIK TapalyblH Oaranayra MYMKIHAIK Oepexmi. 3epTrey HOTHXKeNepi
KAIIBIKTBIKTAH 30HITAY TEXHOJOTHSJIAphl MEH OYITTBI TI'e0aKNaparThlK —IUIaTdhopMaliapIbiH
WHTETPAIUSCHl  DKOJIOTHSUIBIK ~ MOHUTOPUHITIH ~ THIMAUICIH — alTapiIbIKTall  apTThIPATHIHBIH,
IKOXKYHenepAl TypakThl Oackapyra bIKMall €TeTiHIH KOHE KOpFajlaThlH TaOUFU ayMakKTap/a IIenrim
KaObL11ay MPOIIECiH KAKCAPTATHIHBIH KOPCETE 1.

Tyiiin ce3nep: Google Earth Engine, BeG-kapTa, KalIBIKTBIKTaH 30HATay, Sentinel-2,
9KOJIOTHSUIBIK MOHUTOPUHT, OMoC(epanblK KOPBIK.
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