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Abstract: The article is devoted to analyzing the dynamics of spatio-
temporal changes in water bodies within the Semipalatinsk Test Site using
remote sensing data based on the Google Earth Engine platform, with the
aim of developing a map of surface water and irrigation systems to support
landscape planning of the area. Landsat and Sentinel-2 satellite imagery,
ERAB5-Land climatic data, and the SRTM digital elevation model were
used as the primary input datasets. Water surfaces were extracted using
the Modified Normalized Difference Water Index (MNDWI) method. The
results revealed that the largest extents of water surfaces were observed in
years characterized by cold and snowy winters (2000 and 2010), whereas
the smallest extents occurred during warm and low-snow periods (1996,
2012, and 2024). The proportion of temporary water bodies exceeds 60%,
reflecting the instability of the hydrological regime and its strong
dependence on climatic variability. The use of modern platforms such as
Google Earth Engine for identifying spatio-temporal changes in water
bodies has proven to be effective and demonstrates great potential for
water resource management and dynamic assessment. The obtained
results can be applied for environmental monitoring and landscape
planning in the development of the former test site areas for agricultural
purposes.

Keywords: water bodies; Google Earth Engine; remote sensing data; the
Semipalatinsk test site (STS)
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Remote sensing is a key tool for monitoring and assessing surface water bodies. The advantages
of high temporal resolution and repeated observations provided by optical satellite imagery make it
widely used for the mapping and monitoring of water resources (Hossain et al., 2023).

The analysis of spatio-temporal changes in water bodies using the Google Earth Engine (GEE)
platform represents a significant advancement in the field of environmental monitoring and water
resource management (Ngamile et al., 2025; Zhang et al., 2022). It enables comprehensive analysis
of spatio-temporal datasets and provides a cloud-based solution for fast and scalable processing of
remote sensing data (Li et al., 2022; Zhao & Bang, 2024).

This approach employs advanced methodologies, including time series of remote sensing data
and machine learning—based classification methods, to assess the dynamics of surface water. Google
Earth Engine (GEE) has proven its effectiveness in visualizing water presence and analyzing the
factors influencing changes in water bodies (Zhao & Bang, 2024; Alzurgani et al., 2024; Sherjah et
al, 2023). However, the use of GEE for water body analysis is associated with several challenges.
The availability and quality of data remain significant constraints. Methodological limitations, such
as the potential misclassification of adjacent vegetation types, may also affect the reliability of the
results. Moreover, the integration of community-sourced data presents both opportunities and
challenges for the validation of satellite observations, highlighting the need for collaborative efforts
in data collection and analysis (Alzurgani et al., 2024; Sherjah et al, 2023).

The aim of this study is to identify the spatio-temporal changes of surface water within the
Semipalatinsk Test Site using satellite data and the analytical capabilities of the Google Earth Engine
platform.

2. Materials and methods
2.1. Study Area

The Semipalatinsk Test Site (STS) is located in the eastern part of Kazakhstan, at the junction
of the Abai, Pavlodar, and Karaganda regions, covering an area of approximately 18300 km? (Figure
1).
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Figure 1. Study area
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The territory of the test site extends from the Irtysh River valley southwestward for
approximately 180 km and lies within the eastern part of the Kazakh Uplands, which are characterized
by an arid, sharply continental climate. The mean annual air temperature ranges from +0.6°C to +5°C,
and the annual precipitation amounts to 250-300 mm.

The hydrographic network is represented by the Shagan River with its tributary Ashchysu, as
well as by small streams and lakes that become active during the spring flood period. In summer,
most of the water bodies dry up, forming saline depressions. The primary source of water supply is
snowmelt, which accounts for up to 95% of the annual runoff.

A distinctive feature of the study area is the complex combination of natural and anthropogenic
factors resulting from the long-term use of the site for nuclear weapons testing during 1949-1989.
This analyzes the spatio-temporal dynamics of water bodies crucial for assessing the current state and
transformation of the region’s aquatic ecosystems (Nazarbayev et al., 2016; Batyrbekov et al., 2021).

2.2. Data Sources

This study utilized all available surface imagery from Landsat (TM, ETM+, and OLI) and
Sentinel-2 MSI covering the territory of the Semipalatinsk Test Site for the period 1996-2024. The
analysis was performed on the Google Earth Engine (GEE) platform, followed by visualization and
map composition in ArcGIS Pro.

For each image, a cloud, shadow, and snow masking function was applied to ensure high-
quality scenes suitable for analyzing the dynamics of water bodies within the test site. Only images
acquired during the vegetation period (May—September) were used in the analysis, which made it
possible to minimize seasonal and atmospheric distortions.

A total of 90 scenes were used in the study, including 30 Landsat scenes (6 years x 5 scenes
per year) and 60 Sentinel-2 scenes (2 years x 2 coverages x 15 scenes per year). In addition, the
SRTM digital elevation model with a spatial resolution of 30 m was used to refine watershed
boundaries and to analyze the influence of orography on the distribution of water bodies.

For the analysis of climatic factors, ERA5 reanalysis data (precipitation and air temperature)
for the period 19962024 were used. These data made it possible to establish the relationship between
changes in the extent of water bodies and the climatic conditions of the region (Gorelick et al., 2017;
Drusch et al., 2012; Hersbach et al., 2020; Farr et al., 2007).

2.3. Processing Methods

The methodology applied for analyzing the spatio-temporal changes in water bodies using the
Google Earth Engine (GEE) platform included several key components, such as data collection,
classification methods, and accuracy assessment (Mutanga & Kumar, 2019). The workflow is
illustrated in Figure 2, which shows the sequence of analysis stages. The approach is based on the
integration of multitemporal satellite data from Landsat and Sentinel-2, climatic indicators from
ERAS5-Land, and the SRTM digital elevation model (Hansen & Loveland, 2012; Kaplan & Avdan,
2017; Yilmaz, 2023; Rodriguez et al., 2006). The use of the cloud-based GEE platform ensured
consistent data processing, automation of calculations, and reproducibility of the results.
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Figure 2. Workflow of the methodology for analyzing water bodies using GEE

The study covers six representative temporal snapshots — 1996, 2000, 2010, 2012, 2020, and
2024. This selection was determined both by the availability of high-quality satellite data and by the
need to reflect key stages in the hydrological evolution of the region. Each of these periods
characterizes a typical state of the water systems under different climatic and anthropogenic
conditions. To minimize seasonal and atmospheric distortions, only images acquired during the
vegetation period (May—September) were used, when water surfaces are most distinctly expressed in
satellite imagery. Such a discrete observation structure made it possible to capture the stage-by-stage
changes in the configuration and area of water bodies over nearly three decades and to ensure
comparability between temporal intervals (Pekel et al., 2016; Xu, 2006).

Preprocessing of the data included spatial clipping to the boundaries of the test site and
atmospheric noise removal using the tools available in Google Earth Engine (GEE). After masking,
the reflectance values of the images were normalized to ensure the comparability of data obtained
from different sensors.

Water surface extraction was performed using the Modified Normalized Difference Water
Index (MNDWI) (Gorelick et al., 2017):

pGreen- pSWIR1
pGreentpSWIR1
MNDW!I=pGreen+pSWIR1pGreen—pSWIR1 1)

MNDWI=

where pGreen and pSWIR1 are the reflectance values in the green (0.52-0.60 pum) and shortwave
infrared (1.55-1.75 pum) bands, respectively.

For the historical composites (2000 and 2010), an MNDW!I threshold of > 0.30 was applied,
whereas for the multiyear analysis and Sentinel-2 data, a more sensitive threshold of > 0.0 was used
(Xu, 2006; Ji et al., 2009). This approach made it possible to account for both permanent and shallow
or temporary water bodies.
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The water frequency (WF) was calculated based on binary water masks, representing the
proportion of observations in which a pixel was classified as a water surface:

WF: ZNWater
ZNvalid
WF=} Nuvalid) Nwaterx100% 2

x100%

where N, . IS the number of observations in which the pixel was classified as water, and N,,4;;4 iS
the total number of valid observations for the pixel.

Pixels with fewer than 20 valid observations were excluded from the analysis (Pekel et al.,
2016; Donchyts et al., 2016). Based on the WF values, categories of water body persistence were
identified: temporary (WF < 40%), semi-permanent (40-70%), and stable (> 70%) water bodies
(Pekel et al., 2016).

To analyze the climatic influence, ERA5-Land data (European Centre for Medium-Range
Weather Forecasts [ECMWF], 2021) were used, including mean winter air temperature (°C) and total
snowfall (mm) for the period from November to March. These parameters were averaged within the
boundaries of the Semipalatinsk Test Site and compared with the time series of water body areas.
Changes in surface water extent were quantified using the dynamic coefficient K (Pekel et al., 2016):

S-S, 1
~ ¥ 100°
S, xTx 00%

K=((St—Sa)/Sa)x (1/T1)x100% (3)

where S,and S,are the surface water areas at the beginning and end of the period, respectively, and T
is the duration of the interval (in years).

To verify the classification accuracy, a quantitative assessment was conducted using reference
samples from Sentinel-2 and Google Earth imagery based on a standard confusion matrix. Validation
was performed using 150 randomly selected control points located within the study area. The year
2010, characterized by the maximum floodwater extent (14993.96 ha), was used as the reference
period, allowing for the evaluation of the model’s performance under extreme hydrological
conditions.

Comparison of the “water” and “land” classes derived from MNDWI with visual interpretation
of high-resolution imagery showed a high degree of consistency. The calculated accuracy metrics
were as follows: overall accuracy (OA) — 94.0%, producer’s accuracy (PA) for the “water” class —
75.0%, and user’s accuracy (UA) — 85.7%. The obtained results confirm the reliability and
reproducibility of the classification, providing a robust basis for further analysis of the spatial
dynamics of water bodies and their climatic relationships (Gorelick et al., 2017; U.S. Geological
Survey [USGS], 2022).

Thus, the proposed methodology integrates automated processing of multitemporal satellite
data and statistical analysis of climatic factors, providing a comprehensive understanding of the
spatio-temporal dynamics of water systems within the Semipalatinsk Test Site.

3. Results
3.1. Spatial distribution and long-term dynamics of water bodies

The Landsat and Sentinel-2 satellite composites (Figure 3) clearly reveal the spatial and
temporal variations of water bodies within the Semipalatinsk Test Site over the period 1996-2024.
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Figure 3. Spatial distribution of water bodies within the Semipalatinsk Test Site: (a) 1996; (b) 2000;
(c) 2010; (d) 2012; (e) 2020; (f) 2024.

The water surfaces are mainly confined to the valleys of the Shagan and Ashchysu rivers, as
well as to the closed depressions in the eastern and southeastern parts of the test site. In the early
imagery (1996), water bodies were limited to small depressions, whereas by 2000 and 2010, a
significant expansion of the water surface area was observed, particularly along the Shagan River
channel and within the central lowlands. After 2010, a gradual reduction in the extent of water bodies
was recorded, which is confirmed both visually and quantitatively.

According to Table 1, the total area of water surfaces varied from 4512.9 ha in 1996 to 14993.9
ha in 2010, accounting for 0.24% to 0.81% of the total area of the test site. The minimum values were
recorded in 1996 and 2012, which corresponded to low-snow winters, while the maximum values
occurred in 2000 and 2010. Thus, the amplitude of area fluctuations reached nearly a threefold
difference, reflecting the extreme sensitivity of the hydrological regime to climatic variations during
the winter—spring period.
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Table 1. Water body areas within the Semipalatinsk Test Site area (1996-2024)

Year Area of water bodies, ha Share of territory, %
1996 4512.92 0.24
2000 7654.16 0.41
2010 14993.96 0.81
2012 4456.66 0.24
2020 6428.99 0.34
2024 5685.82 0.30

3.2. Spatial Structure Based on the MNDWI Index
The cartographic data derived from the MNDWI index (Figures 4 and 5) made it possible to
visually assess the spatial changes in water surfaces within the test site and using Lake Ashchysu as

an example.
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Figure 4. Spatial distribution of water bodies based on the MNDW!I index: (a) 1996; (b) 2000; (c)

2010; (d) 2012; (e) 2020; (f) 2024
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Figure 5. Dynamics of Lake Ashchysu surface area based on satellite data: (a) 1996; (b) 2000; (c)
2010; (d) 2012; () 2020; (f) 2024
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On the MNDWI maps, zones of permanent and temporary water bodies are clearly
distinguishable. The highest positive index values (above 0.3) are associated with the Shagan River
valley, the depressions in the southeastern part of the test site, and the water area of Lake Ashchysu,
where water persists throughout the entire vegetation period.

In the central part of the test site and in the interfluve areas, regions with moderate or negative
MNDWI values are observed, corresponding to seasonal water bodies that fill during the spring flood
and dry up in summer.

In 2000 and 2010, the most extensive distribution of water bodies was observed, particularly in
the area of Lake Ashchysu, whereas in 2020-2024, the water surfaces became more fragmented and
localized. This indicates a gradual reduction of temporary water bodies and an overall decline in the
water availability of the territory over recent decades.

3.3. Interannual and Seasonal Variability

The graphs of interannual and seasonal dynamics (Figure 6) show that the area of water surfaces
within the test site varies greatly from year to year. In spring, water bodies consistently occupy a
significantly larger area than in summer or autumn, which is associated with the inflow of meltwater.
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Figure 6. Changes in the surface water area within the Semipalatinsk Test Site: (a) interannual
variability; (b) seasonal variability

According to Table 2, in the spring of 2010, the area of water bodies reached 17,826 ha,
decreasing to 10774 ha in summer and 6202 ha in autumn. This indicates a typical spring maximum
followed by a gradual reduction of water surface area throughout the summer. In dry years (1996 and
2012), the spring water area did not exceed 2-5 thousand hectares, reflecting weak floods and low
snow accumulation during the winter.

In recent years (2020-2024), a trend toward faster drying of water bodies has been observed,
with their areas starting to decrease as early as mid-summer. This is associated with an increase in
mean air temperature and warmer winters, which cause earlier snowmelt and faster evaporation.

Since 2020, the region has shown a tendency toward an earlier peak in water availability and
accelerated drying of temporary lakes by mid-summer. This corresponds to an increase in mean air
temperature by 1.5-2 °C above the climatic norm, enhancing evaporation and shortening the duration
of the water phase in small ponds and lakes. Such changes are particularly evident in the central part
of the test site, where previously stable water bodies have gradually acquired a seasonal character.
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Table 2. Seasonal dynamics of surface water area

Year Spring, ha Summer, ha Autumn, ha
1996 2106.16 3605.7 2947.36
2000 10371.52 5813.7 4515.5
2002 4205.9 4020.11 949.8
2010 17826.13 10774.09 6202.42
2012 4810.16 3701.59 2582.64
2020 13072.35 5654.45 5966.43

3.4. Stability of Water Surfaces

The analysis of water surface stability (Figure 7) shows that temporary and seasonal water
bodies prevail within the territory of the test site. Their share exceeds 60%, whereas permanent water
bodies occupy about 30-35% of the total area (Table 3).

Table 3. Distribution of the water surface area by stability categories (1996-2024)

Category Area, km? Area, ha Share of Total Share of
(Class) Water, % territory, %
Permanent water 44.05 4405 31.91 0.24
Seasonal water 94.10 9410 68.09 0.51

The “River Network™ layer data were taken from a previous study conducted by the authors.
There are four large river basins located on the territory of the Semipalatinsk Test Site. These are the
Saryozen river from south to north, Aschyozek and Karabulak from the center to the north, and
Shagan from the south to the northeast. They are all left tributaries of the Irtysh River (Valeyev et al.,
2025).

The total length of the talwegs of the rivers in the study area is 13874 km, with sixth-order
watercourses accounting for about 361 km or 2% of the total length of temporary and permanent
watercourses. The main length of 95% of the talwegs, considering the factors of arid climate and
steppe landscapes, falls on temporary watercourses. In summer, they form a dry gully-beam network
or inconspicuous depressions. They are formed mainly during floods due to meltwater flows, as well
as during precipitation in the warm season (Valeyev et al., 2025).

Permanent water bodies are located in the valleys of the Shagan and Ashchysu rivers, as well
as in the southeastern depressions where water persists for longer periods. Temporary and seasonal
water bodies occur in the central and western parts of the test site and appear only in years with heavy
snowfall. This distribution indicates that the region’s hydrological system is highly dependent on
weather conditions and exhibits an unstable character.
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Figure 7. Surface water within the territory of the Semipalatinsk Test Site

3.5. Influence of Climatic Factors

Comparison of satellite data with ERA5-Land climatic indicators (Table 4) shows that
interannual variations in the area of water bodies within the Semipalatinsk Test Site are directly
related to winter season conditions - primarily to the amount of snowfall and air temperature.

In years with colder winters and higher snowfall, an expansion of water surfaces is observed,
whereas warm and low-snow winters lead to a reduction in water area. For instance, in 1996, a
moderately cold winter (-11 °C, 57 mm of precipitation) resulted in limited flooding and a minimum
water surface area of about 4.5 thousand ha. In 2000, an increase in snow accumulation to 96 mm
contributed to an expansion of the water area to 7.6 thousand ha.

The most pronounced hydrological anomaly was recorded in 2010, when the combination of
the lowest air temperature (-13 °C) and record snowfall (106 mm) resulted in the maximum
development of water surfaces-nearly 15 thousand ha. This situation highlights the role of the winter
season as a key factor in shaping spring runoff and floodwater recharge of water bodies.
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Table 4. Water Area Dynamics and Climatic Control (1996-2024)

Year Area (_)f water Share of Mean Winter T, S_nowfall,
bodies, ha territory, % Nov—Mar, °C Winter, mm
1996 4512.92 0.24 -11 57.0
2000 7654.16 0.41 -10 96.0
2010 14993.96 0.81 -13 106.0
2012 4456.66 0.24 -13 65.0
2020 6428.99 0.34 -7 83.0
2024 5685.82 0.30 -6 52.0

In 2012, despite similarly low air temperatures (-13 °C), a decrease in snowfall to 65 mm led
to a reduction in the water surface area to about 4.5 thousand ha. In recent years (2020 and 2024),
with warmer winters (-7 °C and -6 °C) and precipitation deficits (83 mm and 52 mm), earlier
snowmelt and increased evaporation have been observed, limiting the water surface area to 6.4
thousand ha and 5.7 thousand ha, respectively.

4. Discussion

The results of the analysis confirm that the hydrological regime of the region is determined by
winter climatic conditions rather than by the amount of summer precipitation. The volume and
persistence of water bodies depend on the accumulation and preservation of the snow cover, which
forms the main spring runoff. The peak water surface areas recorded in 2000 and 2010 correspond to
periods of lower air temperatures and heavy snowfall, confirming the key role of winter moisture
accumulation in shaping spring flow. In contrast, years with warm and low-snow winters (1996, 2012,
2024) are characterized by a sharp reduction in the extent of water bodies, reflecting the high
sensitivity of local ecosystems to climatic fluctuations. Thus, long-term variations in temperature and
snow reserves act as the primary drivers of the spatio-temporal variability of water systems within
the Semipalatinsk Test Site.

Comparison of satellite observations with ERA5-Land reanalysis data revealed a clear negative
correlation between mean winter air temperature and the area of water surfaces. At the same time, the
amount of summer precipitation has a much weaker influence on the dynamics of water bodies, which
is consistent with the sharply continental climate of the region. In this climate, the main recharge of
water systems is formed by snowmelt, and the stability of water bodies is primarily determined by
the snow balance of the winter season.

In addition to climatic factors, anthropogenic and technogenic impacts also play an important
role. The territory of the Semipalatinsk Test Site, which was subjected to long-term nuclear and
engineering activities, is characterized by a disturbed structure of soil-hydrological systems, altered
permeability, and redistribution of surface runoff. This partly explains the spatial fragmentation of
water surfaces, particularly in the central and western parts of the test site, where the highest
instability of temporary water bodies is observed. Furthermore, the degradation of irrigation systems
previously used for agricultural purposes has weakened the connection between surface and
groundwater, reinforcing the seasonal nature of water bodies.

Comparison of the obtained data with the results of similar studies (Pekel et al., 2016; Ji et al.,
2009) shows that the identified trends of decreasing water surface area and increasing seasonality
correspond to global climatic patterns observed in the arid regions of Central Asia. However, the
uniqueness of the Semipalatinsk Test Site lies in the combination of natural and technogenic factors,
which makes this territory a model area for assessing the consequences of climatic and anthropogenic
changes.

5. Conclusion
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The analysis of spatio-temporal changes in water bodies within the Semipalatinsk Test Site for
the period 1996-2024 revealed a pronounced climatic dependence of the region’s hydrological
regime. The main factors determining the extent and persistence of water bodies are winter conditions
— air temperature and snowfall amount. The largest surface water areas were observed in years with
cold and snowy winters (2000 and 2010), whereas the smallest areas occurred during warm and low-
snow periods (1996, 2012, and 2024).

Spatial analysis showed that permanent water bodies are concentrated in the valleys of the
Shagan and Ashchysu rivers, while temporary and seasonal ones are mainly distributed in the central
and western parts of the test site. The share of temporary water bodies exceeds 60%, reflecting the
instability of the hydrological regime and its high dependence on climatic fluctuations.

The use of the Google Earth Engine platform and the MNDWI index made it possible to
effectively assess spatio-temporal changes, classify water body types, and establish their relationship
with climatic parameters. The methodology demonstrated high reliability with an overall accuracy of
94% and can be applied for the monitoring of similar arid territories in Kazakhstan and Central Asia.

The obtained results have practical value for environmental monitoring, landscape planning,
and the assessment of climate change impacts on the degraded lands of the former test site. Future
research should focus on the integration of optical and radar sensor data, the application of machine
learning models for automated classification, and the development of predictive models of water
resource dynamics under global warming conditions.
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CeMel MOJIMIOHBI AyMarbIHAAFbI 2Kep 0eTi CyJIapbIHbIH KEeHICTIKTIK-YaKbITTBIK
e3repicrepin Google Earth Engine miiardopmacsl Herisinge tajaaay

Ha3sbeim KenicoBa, Omipkan Toykebae, Kammar Temip0aeBa, Aifxkan Acblii0exoBa
AngaTna. Makanaga Cemeil ChIHAaK TOJUTOHBI AyMaFbIHIAFbl CY HBICAHIAPBIHBIH KEHICTIKTIK JKOHE

YVaKbITTBIK ©3TepICTEPiHIH JMHAMHKACH TajJaHFaH. 3epTTey OapbIChIHAA KEPHl KAIIbIKTHIKTaH
3oHATay nepekrepi Herizinge Google Earth Engine mmatdopmackl KOMAaHBUIBI, JAHAMAPTTHIK
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JKocTapiiay Ke3iH/e >KepYCTi cylap MEH UPPUTANMSIIBIK KYHelep KapTachlH KYpacThIpy Makcar
eringi. bacrankel gepektep peringe Landsat »xone Sentinel-2 rapsithik cyperrepi, ERAS5-Land
KIMMATTHIK jaepekTepi xoHe SRTM canapik Oemep mopmeni maiganansuinel. Cy alabpIHAApBIH
aHBIKTAy YIIIH Moau(UKanusUIaHFaH HopMmananfaH cy umHaekci (MNDWI) omici KoggaHBUIIBI.
Hormxenepre coiikec, cy OSTiHIH €H YJIKEH ayIaHIaphl CYBIK opi Kapibl Keictapaa (2000, 2010 xoxk.)
Oalikaspl, ajl €H a3 KOpCeTKIIITep XKbUIbI dpi Kap a3 TyckeH kezeHaepzae (1996, 2012, 2024 xoxk.)
TipKenai. YakpITIIa Cy alablHIApBIHBIH yieci 60%-maH acanbl, OYJI THAPOIOTHSUIBIK PEKUMHIH
TYPAKCHI3JBIFBIH KOHE KIMMATTBIK aybITKyJIapFa JKOFaphl Toyenaiunirin kepceremi. Google Earth
Engine cuskThl 3aMaHayu 1uiaTdopmanap/sl naiigagany ¢y HbICAHIAPbIHBIH KeHICTIKTIK-yaKbITTBIK
©3repiCTepiH aHBIKTay/a THUIMIUIITIH JKOHE Cy pecypcTapblH OacKapyla 30p QJICYETIH KOPCETTi.
ATBIHFaH HOTIIKENEP DKOJIOTHUSIIBIK MOHUTOPUHT TEH JaHAMAQTTHIK KOcmapiay KYMBICTapbIH/A,
COHJIaii-aK OYPBIHFBI TIOJMIOH ayMaKTapblH aybll IapyallbUIBIFEIHA UTEPY Ke3iHe Mai aJaHbuTybl
MYMKIH.

Tyiiin ce3nep: cy usicanmapsl; Google Earth Engine; XXK3 nepexrepi; Cemeli ChIHAK MMOJUTOHBI
(CCII).

AHaJIN3 NPOCTPAHCTBEHHO-BPEMEHHbIX H3MEHEHHiHl NOBEPXHOCTHBIX BOJA B
npenenax CeMUNATATHHCKOIO MOJMIOHA Ha OCHOBe miaTgopmsbl Google Earth
Engine

Ha3sbim KenuncoBa, Omup:kan TaykedaeB, Kammar Temup0aeBa, AifkaH Acbli10exkoBa

AnHoranusi: CtaThs MOCBSIICHA aHAIN3Y AUHAMUKH MPOCTPAHCTBEHHO-BPEMEHHBIX W3MEHEHUH
BOJHBIX OOBEKTOB Ha TeppuTopuu (CeMHUIIaJaTMHCKOTO TOJWITOHA C MPUMEHEHHEM JaHHBIX
JUCTAaHIIMOHHOTO 30HIMpoBaHus 3emyin Ha ocHoBe muaTgopmel Google Earth Engine s
JANbHEHIIEr0 COCTABJIEHUS KApThl TMOBEPXHOCTHBIX BOJ M HPPUTAIIMOHHBIX CHUCTEM IpHU
JaHAIa@THOM TUTAHUPOBAHUM TeppuTopuil. B  KauecTBe HCXOMHBIX [aHHBIX MPUMEHSUIHCH
cnyTHUKOBBIE cHUMKH Landsat u Sentinel-2 u xknumarnyeckue nanasie ERAS-Land u uudposoit
mozenun penseda SRTM. Brinenenne BOJHBIX MOBEPXHOCTEH OCYLIECTBIISIIOCh C IMPUMEHEHUEM
MeToJa MOIU(UIIMPOBAHHOTO HOpPMalIM30BaHHOTO BoaHoro wuHaekca (MNDWI). PesynbraTs
MOKa3aJIk, YTO HAauOOJIBIINE TUIOIIAX BOJHBIX TOBEPXHOCTEH HAOIIIOIATUCH B TOBI C XOJIOHBIMHU U
caexubiMu 3umamu (2000, 2010 rr.), a MUHUMAJIbHBIE — B TEIUIBIE M MAJIOCHEKHBIC TTepro/Ibl (1996,
2012, 2024 rr.), 1 10y BpeMEHHBIX BOJOEMOB mpeBbimaeT 60%, 9To oTpaxkaeT HECTaOMIHLHOCTH
TUAPOJIOTUYECKOTO PEKMMA U BHICOKYIO 3aBUCUMOCTD OT KIIMMAaTUYECKUX Koliebanuii. [Ipumenenue
coBpeMeHHbIX Tuardpopm, kak Google Earth Engine nns omnpeneneHus mnpocTpaHCTBEHHO-
BPEMEHHBIX M3MEHEHUI BOJHBIX 00BEKTOB TOKa3al CBOIO 3(PPEKTUBHOCTh M OTPOMHBIN MOTEHITHAT
B YIIPaBJIEHUU BOJHBIMH pECypcaMy MpPH OICHKE WX NWHAMHUKHU. [loydeHHBIE pe3ynbTaThl MOTYT
MCTIOJIE30BATHCS ISl IKOJIOTUYECKOTO MOHUTOPUHTA U JTaHIITAPTHOTO TNIAHUPOBAHUS IPU OCBOCHUU
TEPPUTOPHUI OBIBIIETO MOJIUTOHA JUIsI BEACHUS CEIBCKOTO X035 HCTBA.

KawueBble ciioBa: Boaubic 00bekThl; Google Earth Engine; manusie J133; CUIL.
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