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ABSTRACT. The use of remote sensing (RS) data is associated with many difficulties that lead to high
labor and computer resource costs. The use of cloud computing greatly simplifies this work. The aim of
this study was to demonstrate the possibilities of Google Earth Engine (GEE) for assessing the state of
Lake Baikal surface water. An overview of the datasets on the GEE platform was made. The available
data processing algorithms were reviewed. It was noted that, in addition to standard methods of sta-
tionary processing of satellite images, the GEE platform offers quite complex machine learning methods.
For example, Random Forest method significantly improves the accuracy of the results. In addition, the
possibilities of constructing a composite from Sentinel-2, Landsat-8, MODIS satellite images, calculating
spectral indices to determine the boundaries of water bodies, estimating surface temperature, chloro-
phyll-a concentration, Secchi disk transparency in selected areas of the water body are shown. It is nec-
essary to control the accuracy of the data and compare it with field research data. The results of RS data
processing can be used as additional material during monitoring the state of water bodies. Processing is
carried out in the cloud using the JavaScript programming language. It is possible to create applications
for interactive use. It is advisable to use GEE possibilities for operational monitoring and analysis of
changes in water bodies based on large data sets available on the platform.
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1. Introduction development of GEE (Sharnagat et al., 2025; Zhao et
. . al., 2021). Various regions are covered, but Africa,

Processing remote sensing(RS) data to assess Central Asia and Eastern Europe are underrepresented

the state of water bodies is a rather laborious and (Sharnagat et al., 2025). For the Lake Baikal region, the
resource-intensive process. The use of cloud comput- use of GEE possibilities is important in the context of
ing on the Google Earth Engine (GEE) platform will water resource management (Verkhozina et al., 2022,
significantly facilitate this work (Velastegui-Montoya Sukhodolov et al., 2020a; 2020b). Despite the interdis-
et al., 2023; Wang et al.,, 2018). This platform was ciplinary nature of GEE, the geospatial data available
launched back in 2010 (Zhao et al., 2021), five years on the platform may not have global coverage and the
after the appearance of Google Eart'h (GE). Unlike processing algorithms may not be universal. Therefore,
GE, the main purpose of GEE is not visualization, but when seeking solutions to various problems related to

the processing of large remote sensing (RS) data sets, the processing of remote sensing data, it is necessary
time series analysis, modeling and forecasting. For a to take this limitation into account. Another limitation
long time, the use Of_GEE was 11m1tedf but by 2020, may be the lack of verification of the accuracy of the
hundreds of pubhcat10n§ appeared with the results data obtained, which becomes a certain difficulty with
of research conducte.d using GEE (Z_hap et al., 2021). the appearance of an increasing number of ready-made
The GEE platform 1S an 1nterc.hsc1p1{nary FOOI that data sets in GEE. The platform provides access to satel-
allows solving problems in various fields, including lite images, such as Landsat, Sentinel, MODIS, as well as

land and water resource management. Representat%ves ready-made datasets (Velastegui-Montoya et al., 2023).
from the United States, China, India and the United The result can be interactive visualization, calculations

Kingdom have made significant contributions to the and numerical values, diagram construction and object
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classification based on standard technologies or using
machine learning (Mayer et al., 2021). It is possible to
create applications to access research results. To work
on the GEE platform, you need a Google account, some
knowledge of JavaScript programming (Gandhi, 2023)
and Internet access. The Code Editor Earth Engine is
the foundation of GEE. Currently, the GEE environment
offers the ability to develop applications. Applications
are implemented through a browser, so users do not
need to have programming skills. Within the applica-
tions users can form specific queries and visualize the
results.

2. Materials and Methods

The most commonly used multi-temporal data-
sets in GEE are Landsat-5, 7, 8 and 9 (Jin et al., 2023;
Nguyen et al., 2019; Sharnagat et al., 2025; Sreekanth
et al., 2021; Wang et al., 2018; Wang et al., 2019; Yue
et al., 2023). These are medium spatial resolution (30
m) images with global coverage and 8-day repeatability
(after the launch of Landsat-9). Less commonly used
are MODIS images, which have lower spatial resolution
(250-1000 m), but daily global coverage of the Earth.
Another popular dataset is Sentinel-2 with spatial res-
olution up to 10 m (Chen and Zhao, 2022; Kwong et
al., 2022).

In addition to satellite image sets there are sets of
pre-processed data, such as JRC Global Surface Water
Mapping (JRC GSWM) (Pekel et al., 2016). Based on
Landsat images from 1984 to 2021 pixels were clas-
sified as “land/non-land” and the frequency of water
presence and other parameters were determined. There
are also derivative datasets based on JRC GSWM with
monthly and annual average data. Some datasets may
be of interest for analyzing water bodies in Russia,
for example, the CHIRPS (InfraRed Precipitation with
Station data) system Climate Hazards Center (Funk et
al., 2015) with data on precipitation distribution from
1981 to the present. But this data covers the Earth’s
territory from 50 degrees south latitude to 50 degrees
north latitude. Practically all of Russia does not fall
within this zone.

The GEE platform allows you to implement var-
ious algorithms in addition to accessing datasets. All
methods of assessing water resources are divided into
determining quantitative characteristics (delineating
the boundaries of water bodies, assessing their area
and volume) and qualitative parameters (chlorophyll-a
concentration, turbidity, temperature, color). (Hasan
et al., 2024). The spectral indices NDWI, MNDWI, and
AWEI for determining the boundaries of water bod-
ies can be calculated in GEE (Sreekanth et al., 2021;
Nguyen et al., 2019; Wang et al., 2018; Kwong et al.,
2022). In addition to these standard calculations, GEE
has machine learning algorithms. The most popular
method is Random Forest, which provides more accu-
rate results according to many researchers (Gandhi,
2023; Sharnagat et al., 2025; Sreekanth et al., 2021,
Wang et al., 2018, Yue et al., 2023).

Analysis of spatio-temporal changes can be per-
formed using an index-pixel algorithm, which allows
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assessing the transformations of water bodies over sig-
nificant periods of time (Wang et al., 2019).

To organize operational monitoring of water
bodies, training samples based on data obtained in the
field are used. It is necessary to use various sources
and take into account seasonality (Yue et al., 2023).
This allows for greater accuracy of results compared to
using only spectral indices or ready-made datasets. In
situ data should be within one day of satellite imagery.
It is necessary to determine the buffer size for the sam-
pling point, ideally four pixels. The data obtained from
satellite imagery may contain noise (artifacts, shadows,
haze, glare), so it is recommended to evaluate the noise
and exclude it from the sample. This can be based on
the Tukey’s method (Kwong et al., 2022) or on cluster-
ing. In addition to training samples, test samples must
be selected to obtain accurate prediction results.

Imaging from space is carried out under various
atmospheric and lighting conditions, so the use of spec-
tral channel values directly is undesirable; data normal-
ization is necessary. Either two-channel or three-chan-
nel normalization is usually used for this purpose
(Kwong et al., 2022). The correlation of spectral chan-
nel values with the studied water parameters is assessed
before this. Usually, the optical characteristics of water
bodies are assessed, which is generally accepted and
widely applicable. However, attempts are being made
to identify relationships between the spectral channel
values of images and, for example, the concentration of
dissolved oxygen, silica, etc. It is possible that the good
results obtained regarding the strength of their rela-
tionship were explained by the combined influence of
several factors, both those with optical characteristics
and those without. The values of chlorophyll-a (Chl-a),
suspended solids (SS), and turbidity (NTU) or transpar-
ency (Hasan et al., 2024, Jin et al., 2023; Kwong et al.,
2022). Despite the recognized reliability of these water
parameters, a permissible error for estimation is deter-
mined. The most vulnerable indicator is chlorophyll-a
concentration, for which the error threshold is set at
35% for the open ocean (Kwong et al., 2022).

It is possible to include not only spectral channel
values in the dataset, but also spectral indices, as well as
digital elevation model (DEM) and terrain model (TM)
data to improve the accuracy of classification and fore-
casting in GEE. DTM data consists of the “first deriva-
tives” of elevation values: slopes and aspect. DEM can
change significantly as a result of natural phenomena
(floods, tsunamis, landslides, mudslides) and Sentinel-1
survey data, which is also available in GEE, is used to
track them (Chen and Zhao, 2022). The feasibility of
including additional data is assessed by the change in
the overall classification accuracy, the kappa coeffi-
cient. It is important not to overload the model, which
can lead to overfitting.

The Selenga River delta with the adjacent lake
area was selected for Lake Baikal to demonstrate the
possibility of assessing the state of surface waters. It
is possible to construct an image in GEE using satellite
images based on a composite of several images, which
is very important in cases of heavy cloud cover in the
region. An example of visualization using Landsat-8
and Sentinel-2 images is shown in Fig. 1.



Boldanova E.V. / Limnology and Freshwater Biology 2025 (4): 946-959

SI: “The VIII-th Vereshchagin Baikal Conference”

a) Sentinel-2 June 2025

b) Landsat-8 June 2025

Fig.1. Example of visualization using Sentinel-2 (a) and Landsat-8 (b) images.

The example shows roughly similar results (no
haze or cloud cover), but the composite based on
Sentinel-2 images has a higher spatial resolution.

An example of calculating the spectral index to
determine the boundaries of water bodies is shown in
Fig. 2. The results can be converted to vector format
and exported.

Accuracy assessment is important when deter-
mining the boundaries of water bodies. The error
matrix for calculating the accuracy coefficient is based
on a comparison of the calculated data with the refer-
ence area. The overall accuracy was about 80% and the
kappa coefficient was 0.6 for our example. The GEE
platform has a built-in algorithm for determining error-
Matrix and accuracy.

3. Results and Discussion

Sentinel-2 images have an average spatial resolu-
tion of 10 m and can be used to analyze both the entire
lake area and its individual sections. We can cite the
calculation of chlorophyll-a concentration and Secchi
disk transparency surface water based on models from
the study (Boldanova, 2022) as an example (Figs. 3 and
4).

Modern cloud services provide an excellent
opportunity to analyze the state of water bodies using
satellite images with global coverage, as well as ready-
made data sets. In this study, various datasets were

used to analyze the dynamics of the shoreline of the
sandbar separating Posolsky Sor Bay from Lake Baikal
using Google Earth Engine (GEE) and JavaScript
programming.

The sandbar separating Posolsky Sor Bay is
located in the southern part of the lake and consists of
two parts, northern and southern. The height of the bar
is small, and the coastline is subject to constant change
due to seasonal fluctuations in the water level in Lake
Baikal, storms, and currents. Of interest is the change
in the area of the bar and the direction of the changes.

We have at our disposal a set of processed
Landsat 5, 7, and 8 images for the period 1984-2021.
JRC Yearly Water Classification History (Pekel et al.,
2016), where each pixel was assessed as water/non-wa-
ter based on an expert system and a monthly history
was created. The area of interest and fluctuations in the
area of the bar are shown in Fig. 5.

Obviously, data from 1991 to 1998 should be
considered selectively as there were insufficient images
for this period. The area of the bar strongly depends
on the water level in the lake. The maximum area was
reached in 2015 during the low-water period. The mini-
mum area of the bar was observed in 2019-2021 during
a period of high water content. The JRC Monthly Water
History dataset allows for a comparison of the configu-
ration of the coastline in individual months. Periods of
low water content by year and season and periods of
maximum water content were selected (Fig. 6).

a) Sentinel-2 original composite June 2025

b) MNDWI

Fig.2. Example of calculating a spectral index to determine the boundaries of water bodies based on a composite (a) using

the MNDWI spectral index (b).

948



Boldanova E.V. / Limnology and Freshwater Biology 2025 (4): 946-959

SI: “The VIII-th Vereshchagin Baikal Conference”

Chlorophyll-a concentration, mg/|

Fig.4. Example of calculating Secchi disk transparency surface water for Lake Baikal (a) and a separate section (b).

The JRC Global Surface Water Mapping dataset
allows the frequency of water presence to be estimated
as a percentage. It is possible to visualize the stable
areas of the territory (Fig. 7a) and the maximum possi-
ble area of the bar (Fig. 7b) based on this dataset.

Landsat images can be used to estimate surface
temperature, as shown in Figure 8 (selected areas of
open water on Lake Baikal, the Selenga River delta and
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Cherkalovsky Sor Bay). Errors in temperature estima-
tion can occur when clouds or shadows from clouds
fall within the area of interest so it is recommended to
mask them. Clouds usually lead to an underestimation
of surface temperature, and negative temperatures may
appear in summer images. Shadows are also thought to
distort actual surface temperature values (Cook et al.,
2014).

Total Surface Not-Water Area

2000 2005 2010 2015 2020

Year

Fig.5. Area of interest and fluctuations in the area of the sand bar separating the Posolsky Sor Bay from the waters of Lake
Baikal.
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2000-05 2015-05 2021-06 2021-09

Fig.6. Comparison of the sand bar shoreline configuration by seasons.

It is evident that the surface temperature in open
Lake Baikal is lower than in the bay and delta. The dis-
crepancy between the actual surface temperature val-
ues and the data from spectral channel B10 does not
exceed one degree according to our estimates (Fig. 9).
The disadvantage of Landsat images is their low
repeatability with images taken once every 16 days.
This makes it difficult to use this dataset to assess phe-
nomena with shorter cycles. Therefore, other satellite
monitoring systems can be considered for surface tem-
perature analysis. In particular, the Terra and Aqua sat-
ellites with the MODIS spectroradiometric sensor allow
daily surface temperature data to be obtained (Wan et
al.,, 2021). However, due to the large coverage area,
the images have a low spatial resolution of 1000 m.
There are composites made from images taken over Fig.7. Stable areas of the territory (E-l) and the maximum
8 days excluding cloud cover. Using the example of possible area (b) of the sandba}r separating the Posolsky Sor
. . . Bay from the waters of Lake Baikal.
images from 2022, it is possible to observe tempera-
ture dynamics with the possible detection of upwellings
(Fig. 10). Upwellings in Lake Baikal are described in
Troitskaya et al., 2023.

Temperature over time in Baikal

- —e— Lake #— Selenga —®— Sor
Aeops L\l
= e 10 \. -
S —
g- °
L] 8
0
July 2021 12 19 August2021 9 16 23 30
a) Location of open water areas (blue, Lake), b) Dynamics of surface temperature in selected areas in July-August 2021

Selenga River delta (green, Selenga)
and Cherkalovskiy Sor Bay (brown, Sor)

Fig.8. Example of surface temperature estimation for three selected areas: a) location of selected areas; b) surface water
temperature dynamics by area.
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a) Histogram of the distribution of deviations of channel B10
values from the in situ temperature,
mean =-0.42, variance = 1.0
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b) Relationship between channel B10
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Fig.9. Assessment of discrepancies between actual in situ temperature values and Landsat 8 B10 channel values (T-B10).

The basis for composite images is the results of
imaging over 8 days after cloud removal and averaging
of each bit value. Of course, not all haze is removed.
There are many procedures for cloud removal, but none
are perfect.

In the future, for a more complete analysis with
the identification of uplifts, it may be necessary to con-
struct composite images more frequently with a sliding
smoothing period when constructing composites.

4. Conclusions

The GEE platform provides opportunities for pre-
liminary assessment before conducting field studies:
constructing a composite image from the latest images
with cloud and shadow exclusion, extracting water
body boundaries, and assessing the adjacent terrain.
After receiving field observation data, as well as using
continuous measurement data, it is possible to build
empirical models not only based on regression analy-
sis, but also on machine learning, in particular Random
Forest, whose algorithm is available for use on the GEE
platform. The resulting models can be used for opera-
tional monitoring across the entire Lake Baikal water
area.
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BO3MOXXHOCTH OLLEHKH COCTOAHMUA

NOBEepPXHOCTHbIX BOA 03.Bavkan ¢ FRESHWATER
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AHHOTAIL[US. Hcnosp30oBaHME [AaHHBIX JUCTAHIIMOHHOrO 30HAUpoBaHusA (J/[3) compsokeHO Cco
MHOXEeCTBOM TPYAHOCTEe, KOTOphble MPUBOAAT K BBICOKHMM 3aTpaTaM TpyAa U MallWHHBIX PECYpCOB.
Hcnosp3oBaHue 00JIaUHBIX BRIYMCIEHNE 3HAUYNTEJIBHO yIpoIaeT 3Ty paboTy. Llespio JaHHOTO Ucciedo-
BaHWA OBUIO TOKa3aTh BO3MOXHOCTH Google Earth Engine (GEE) a1 OIleHKY COCTOAHI IIOBEPXHOCTHBIX
Bof o3.baiikan. ChesiaH 0630p HabopoB AaHHBIX Ha Iardopme GEE, paccMoTpeHBl OCTYIHEIE ajiro-
pUTMEBI 00pabOTKU AaHHBIX. OTMeYeHO, YTO KpoMe CTaHAapTHBIX METOAOB CTalliOHApHON 006paboTKU
KOCMOCHMMKOB, Ha mi1at¢opMe GEE QOCTymHBEI JOCTATOYHO CJIOXHBIE METOABl MAalIMHHOTO OOy4eHNs,
HanpuMep, Random Forest, 4To B 3HaYMTEIPHON Mepe MOBHIIIAET TOYHOCTh Pe3yJIbTaTOB. B yacTHO-
CTH, TTOKA3aHbI BO3MOXHOCTU IMOCTPOEHMs KOMIIO3MTA U3 KOCMOCHUMKOB Sentinel-2, Landsat-8, MODIS,
pacdeTa CeKTpaJbHBIX MHJEKCOB AJiA ONpeeseHusA IPaHnll BOJOEMOB, a TaKKe OLIEHKU TeMIepaTyphl
IIOBEPXHOCTH, KOHLIEHTpanuu XJI0pohUIIa-a, MPO3pavHOCTU N0 ANCKy CeKKU Ha BEIOPAHHBIX yYacTKax
BojoeMa. Heob6xoqum KOHTPOJIb TOYHOCTH JAHHBIX, CONOCTaBJIE€HUE C JAHHBIMU IMOJIEBBIX HCCIIeAOBa-
Hull. Pesynbratel 06paboTku I3 MOTyT HCIOJIb30BaThCs B KauecTBe JOIOJHUTEJIBHOIO MaTepuasia
IIpY IPOBEIEHNY MOHUTOPUHIA COCTOSHUA BogoeMoB. OOpaboTka BefeTcs B 00J1a4HOM MIPOCTPAHCTBE
C UCIOJIb30BaHUEM fA3BIKAa MporpaMMupoBanus JavaScript. ECTh BO3MOXHOCTh CO3AaHUSA NPUIJIOKEHUN
JJIA UHTEPaKTUBHOTO NpuMeHeHUsA. BosmoxHocTy GEE Ijesiecoo0pa3HO UCMHOJIb30BaTh AJIA ONEpaTHB-
HOI'0O MOHMTOPHHIA U aHa/IM3a OUHAMUKA M3MEHEHHsA BOJAOEMOB Ha OCHOBe OOJIBIIMX MAacCHUBOB AaH-
HBIX, JOCTYIHBIX Ha Iu1aTdopMe.

Kimioueawie ciosa: Google Earth Engine, Landsat, Sentinel, MODIS, JavaScript, Bafikaj, mOBEpXHOCTHBIE BOJIbI

Jlna mutupoBanusa: BosijanoBa E.B. BO3MOXHOCTU OIIEHKU COCTOSHHA MOBEPXHOCTHBIX BOJ| 03.Baiikasy ¢ ncroJsib3oBaHUEM
Google Earth Engine // Limnology and Freshwater Biology. 2025. - No 4. - C. 946-959. DOI: 10.31951/2658-3518-2025-A-4-946

1. Beepenue I0TCA COTHU MyOJmKanuil ¢ pe3yjbTaTaMu UccjiefoBa-

HUI, MpoBeieHHbBIX ¢ moMotibio GEE (Zhao et al., 2021).
[Inatdpopma GEE sABisgerca MeXAUCHUILIMHAPHBIM
WHCTPYMEHTOM, IIO3BOJIAIIIMM pelaTh BONPOCH B pas-
JINYHBIX 00JIacTAX, B TOM 4HcCJie YIIpaBJIeHUU 3eMeJib-
HBIMU ¥ BOJHBIMH pecypcaMu. 3HaUUTeJIbHBIN BKJIaJ B
passutue ncnoJb3oBaHua GEE BHecsu npecTaBUTeNN
CLIA, Kurtas, Uuguu, Benmuko6purtanuu (Sharnagat et
al., 2025; Zhao et al.,, 2021). OxBaueHbl pa3IUYHBIE
pErvoHnl, HO HEAOCTAaTOYHO IpejcTaByieHbl Adpuka,
LentpanbHasa A3usa u Bocrounas Espomna (Sharnagat
et al., 2025). J{sia pernoHa o3.Baiikas ucmojb30BaHue
COCTOMT He B BU3yaqu3auuy, a B 06paGorke Gosbmux Bo3MoxHocTell GEE numeer BaxHoe 3Ha4eHUE B paMKax

MacCCUBOB [JaHHBIX JUCTAHLMOHHOIO 30HAWPOBAaHUA yIIpaBJieHns BOOHBIMH pecypcamu (BepxosuHa u fp.,
(1O3), aHaymm3e BpeMEHHBIX PSZIOB, MOAEJIMPOBAHUU U 2022, Cyxofo0J10B H ap., 2020a; 20206).
MpoTHO3upoBaHuU. J[osiroe BpeMs: ncnojb3oBanrie GEE

HOCWMJIO OrpaHUYeHHBIN XapakTep, Ho K 2020 r. nosaBJia-

O6paboTKka AaHHBIX AUCTAHIMOHHOTO 30HAUPO-
BaHUA [JIA OLIEHKU COCTOSAHUA BOJIOEMOB IIpe/ICTaB-
JileTcs JIOCTaTOYHO TPYAOEMKUM U PecypCcoeMKHM
npoueccoM. HMcnosib3oBaHMe OOJIaYHBIX BBIUMCJIEHUN
Ha mwiarpopme Google Earth Engine (GEE) mo3Bo-
JIUT CyIIecTBeHHO 06Jierduthb 3Ty paboty (Velastegui-
Montoya et al., 2023; Wang et al., 2018). dannas
mwiatdopma 6buta 3amymeHa emie B 2010 r. (Zhao et al.,
2021), uepe3 mATh JieT nocJie noseaeHus Google Earth
(GE). B otymmune or GE ocHoBHOe HasHaueHue GEE

HecMmoTpsa Ha MeXxAUCHUIUIMHAPHBIN XapakKTep
GEE, nmeromuecsa Ha miaaTgopMe reonpoCTpaHCTBEH-
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Hble JJaHHble MOIYT He HMeTh IJI00aJbHOTO OXBaTa,
aJTOpUTMBl 06paboTKU MOTYT OBITH He YHHUBEpPCAJIb-
HeIMH. IloaToMy ofpamasce 3a pelieHUEM TeX WU
UHBIX TIpo0JieM, CBsI3aHHBIX ¢ obpaborkon /13, HeoO-
XOQUMO NPYHUMATh BO BHUMAaHNe JaHHYI0 OrpaHuYeH-
HOCTb. JIpyroil orpaHUYeHHOCTBI0 MOXeT OBITh OTCYT-
CTBUE NPOBEPKU TOYHOCTU IOJIyYaeMBbIX JAHHBIX, YTO
CTAaHOBUTCS OIpeJleJIeHHOHN CJIOKHOCTBIO IPU TI0sBJIe-
HUU Bce GOJIbIIero KoJIMYecTBa roToBEIX HAbOpoB JaH-
HblX B GEE.

[lnatdopma  mpenocTaBiiAeT  BO3MOXHOCTh
JoCTyma K CHOYTHUKOBBIM CHHUMKAaM, HamlpuMmep,
Landsat, Sentinel, MODIS, a Takxe K yXe TOTOBBIM
Habopam gaHHBIX (Velastegui-Montoya et al., 2023).
PesysipTaToM MOXeT OBITh MHTEPAKTHUBHAS BU3yasIn3a-
I[UisA, IpOBeJleHre pPacyeToB U IOJIyYeHHe YHCJIEHHBIX
3HaUeHUi, MOCTpOeHHe [uarpaMM, KJjaccudukanus
06bEeKTOB Ha OCHOBE CTaHapPTHHIX TEXHOJIOTUI JI6O ¢
HCII0JIb30BaHNEeM MamuHHoro ooyuenus (Mayer et al.,
2021). EcTp BO3MOXHOCTb CO3aHUA NPUJIOKEHUHN AJ1A
JIOCTyIa K pe3yJibTaTaM HcciiefoBaHU. J[yia paGoThl
Ha mwiatdopme GEE Tpebyertcs yueTHas 3anuch Google,
HEeKOTOpOe 3HaHHe NporpaMMUpOBaHusA Ha JavaScript
(Gandhi, 2023) u goctyn B UHTepHeT. PejakTop Koma
Code Editor Earth Engine — aTo ocHoBa GEE. B HacTo-
smee BpeMsa B cpefle GEE mosBuiack BO3MOXHOCTb
paspaboTky npuioxeHui. [IpuioxeHNs peau3yoOTCA
yepe3 Opaysep, HO3TOMY I[I0JIb30BaTesIAM HeoOs3a-
TeJILHO METh HaBHIKM IPOrpaMMHpPOBaHUsA. B pamkax
MIPUJIOKEeHUH I0JIb30BaTe N MOTr'yT (POpMUPOBATH OIpe-
JleJIeHHbIe 3aIIpOCH U BU3yaINM3UPOBAaTh Pe3yIbTaTHL.

2. MaTepuanbl U MEeTOADI

Haubosiee ucnosb3yemMble HabOpHl MHOT'OBpe-
MeHHBIX JaHHBIX B GEE — st0o Landsat-5, 7, 8, 9 (Jin
et al., 2023; Nguyen et al., 2019; Sharnagat et al.,
2025; Sreekanth et al., 2021; Wang et al., 2018; Wang
et al., 2019; Yue et al., 2023). 3TO CHUMKU CpPeIHETO
MpOCTPAHCTBEHHOro paspemenHus (30 M), umero-
mMe rjiobajibHBIN OXBaT U MOBTOPSAEMOCTh Kax[ble 8
aHen (nmocuie 3amycka Landsat-9). Pexe UCIOJb3YIOTCA
cHuMku MODIS, nmeronye xy/liee IpOCTPaHCTBEHHOE
paspetiedue (250-1000 M), HO eXxeqHEBHBIN I106asTb-
HBIN oxBat 3emuin. [{pyruMm BocTpeOOBaHHBIM HabopoM
saBJigeTcsa Habop Sentinel-2 ¢ mpocTpaHCTBEHHBIM pas-
pemerueM Ao 10 m (Chen and Zhao, 2022; Kwong et
al., 2022).

Kpome HaboOpoB KOCMOCHMMKOB, WMEIOTCA
Habophl yxe oOpabOoTaHHBIX AaHHBIX, Hampumep, JRC
Global Surface Water Mapping (JRC GSWM) (Pekel et
al., 2016). Ha ocHoBe cHuMKOB Landsat 3a mepuopn ¢
1984 mo 2021 rr. mpoBefeHa kiaccuukanusa MUKce-
JIOB KaK «cCyllla/He cylla», OolpefejieHa YacToTa Ipu-
CyTCTBUA BOJABI U JIpyrue napamMmeTphl. Takxke cyle-
CTBYIOT IIpOM3BOAHbIe Habopsl Ha ocHoBe JRC GSWM
C exXeMeCAYHBIMM U CpPegHerofOBbBIMU JAaHHBIMU.
HexoToprie Habopbl MOIIM GBI MIPE/ICTaBJIATh UHTEPeC
AnA aHanu3a BogoeMoB Poccum, Hampumep, cucreMa
CHIRPS (InfraRed Precipitation with Station data)
LlenTpa kiIMMaTHuyeckux omacHocted (Funk et al.,
2015) c maHHBIMU O pacrpefejieHUH ocaAkoB ¢ 1981
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r. II0 HacTosIlee BpeMs, HO JaHHBIE OXBaTBHIBAIOT Tep-
putopuio 3emiu oT 50 rpaayca 10XHOH MUPOTH Ao 50
rpajyca ceBepHON WIMPOTHI, MpakTUiecku Bcs Poccus
He MonajiaeT B 3Ty 30HY.

Kpome mocryna k HabopaM [aHHBIM Ha ILIaT-
dopme GEE MmoryT OBITh peajn30BaHBl pa3jIMYHEIE
anropuTMbl. [l OLIEHKU BOJHBIX PECYpCcOB Bce
MEeTOJIbl pa3fie/IAITCA Ha omnpefesieHHe KOJIUYecTBeH-
HBIX XapaKTepUCTUK (U3BJledyeHHe IpaHul] BOJOEMOB,
OlleHKa X IIoImagei 1 00beMOB), a TaKKe KaueCTBeH-
HBIX TapaMeTpoB (KOHIleHTpaIus XJI0podussia-a, MyT-
HOCTb, TEMIIEpATypa, IiBeTHOCTh) (Hasan et al., 2024).
Huna ompeperneHusa rpa”ul, BogoemoB B GEE moryt
OBITb pacCUMTaHBl cleKTpajibHble HHAekcel NDWI,
MNDWI, AWEI (Sreekanth et al., 2021; Nguyen et al.,
2019; Wang et al., 2018; Kwong et al., 2022). Kpome
3TUX CTaHAApPTHHIX pacueToB B GEE ecTh anroputrmebi
MalIMHHOTO oOyYeHHUs, rfe Haubojiee BOCTpeOOBaH
MeTOJ «CJIydarHoro Jieca» (Random Forest), KoTOpHIii
10 MHEHUI0 MHOTUX UCcJiefoBaTesell qaeT 6ojiee TOU-
Hble pe3ysabTaThl (Gandhi, 2023; Sharnagat et al., 2025;
Sreekanth et al., 2021, Wang et al., 2018, Yue et al.,
2023).

AHanu3 MpocTpaHCTBEHHO-BPEMEHHBIX H3MeHe-
HUII MOXeT NPOBOAUTHCS HAa OCHOBE HHAEKCHO-IUK-
CeJIbHOTO aJIrTOPUTMa, TO3BOJIAIIIEro OlleHNUBaTh
mpoucxoAsmue npeodpa3oBaHus BOJOEMOB Ha MPOTs-
KEeHUU 3HAYNTEJIbHBIX TeproioB Bpemenu (Wang et al.,
2019).

J71a opraHusanuy ornepaTUBHOIO MOHUTOPUHIA
BOJIOEMOB MCHOJIB3YIOTCS OOyuarmlue BHIOOPKU Ha
OCHOBe [JaHHBIX, MOJIyYeHHBIX B IOJIEBBIX YCJIOBUSX.
[Ipy >TOM HeOOXOOUMO HCIIOJIb30BAaTh pa3JIMUHBIE
HMCTOYHUKH U YUUTHIBATh ce30HHOCTD (Yue et al., 2023).
OTO TO3BOJIAET IMOBBIIATh TOYHOCTH Pe3yJIbTAaTOB IO
CpPaBHEHMIO C KCIOJIb30BaHUEM TOJIBKO CIIEKTPAJIbHBIX
WHIEKCOB WJIK TOTOBBIX HAOOpOB JaHHHIX. J[aHHBIE in
Situ JOJDKHBI OBITH € JJOIYCKOM Pa3HULBI ¢ KOCMOCHUM-
KamMu B OfuH JieHb. HeoOXoauMO oIpelienATh pa3Mep
Oydepa nA TOUKU oTOOpa MpoO, B JIydlleM cJiydyae
YyeThlpe MUKCesJa. B mMoJiyueHHBIX JaHHBIX HAa OCHOBE
KOCMOCHMMKOB MOTYT NPUCYTCTBOBaTh HIyMEbl, (apTe-
(dakThl, TeHU, AbIMKa, OJIMKN), O3TOMY PeKOMEH.Y-
eTcsi OlleHUBaTh BEIOPOCH U UCKJTIOYATh UX U3 BBIOOPKU.
[Ipu 3TOM MOXHO OCHOBHIBaTbCA Ha Metoje Thioku
(Kwong et al., 2022) 160 Ha OCHOBE KJIaCTEPU3ALNH.
Kpome obyuatomux BEIOOPOK HEOOXOJUMO MpPedayCMOT-
peThb BbIJleJIeHUE TECTOBBIX BBIOOPOK MAJIA MOJTy4YeHUs
KOPPEKTHBIX pe3yJIbTaTOB IPOTHO3UPOBAHUA.

CheMKa 13 KocMoca MPOBOAUTCSA IPU Pa3IMYHbBIX
COCTOSAHUAX aTtMocdepsl U OCBENIeHHOCTU, TO3TOMY
HCIIOJIb30BaHUE 3HAaueHWN CIeKTpaJibHbIX KaHaJIoB
HalpsMYyI0 HexeJlaTeJIbHO, HeoOXOJUMO IpoBeeHUe
HOpMaJIM3aluu JaHHbBIX. J[JIs 3TOro 00bBIYHO UCIOJIb3Y-
ercs 1ub0 ABYXKaHaJIbHAasA, JIMOO TpexKaHajbHasA HOP-
manu3anus (Kwong et al., 2022). Ilepen 3TUM OLIEHU-
BaeTcs KoppeJsislNA 3HaueHUHN CIeKTpaJibHBIX KaHaJIoB
C u3yyaeMblMU napameTrpaMu BoAbl. OOBIYHO OIleHU-
BAlOTCsA ONTHUYECKHe XapaKTepHUCTUKU BOIOEMOB, 3TO
oblenpu3HaHoO U MIMPOKO IMpuMmeHuMo. Ho npeanpu-
HHMaIOTCs MOMBITKY BBIABUTH B3aMIMOCB3U MeX/y 3Ha-
YeHUsIMU CIIEKTPAJIbHBIX KaHaJI0B CHHMMKOB U, Hampu-



bondaHoea E.B. / Limnology and Freshwater Biology 2025 (4): 946-959

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

Mep, KOHIIeHTpallell pacTBOPEHHOI'O KHCJIOpOAa,
KpeMHe3eMa U T.[. BO3MOXHO, NoJlydeHHbBle Helsloxue
pe3yJIbTaThl O CUJIe UX CBA3U OOBACHAINCH COBMECT-
HBIM BJIMAHNEM HeCKOJIbKUX (aKTOpPOB, KaK MMEIOMNX
oNnTHYecKre XapaKTepUCTHKH, Tak U 6e3 Hux. HagexHo
onpefiesIATCA 3HaueHHsA KOHILeHTpaluu XJIOpoduiI-
na-a (Chl-a), B3BemeHHbIX yacTul (SS) MU MyTHOCTU
(NTU) wim mpo3pavHocTtu (Hasan et al., 2024; Jin et
al., 2023; Kwong et al., 2022). HecMoTps Ha NMpU3HaH-
HyI0 HaJeXXHOCTb IlepedyrCcJIeHHbIX lapaMeTpOB BOJBL,
onpeessfeTcs AOMyCTUMas IOrpellHOCTh AJIA OLeHKHU.
Haunbosiee yA3BUMBIM [IOKa3aTesieM fABJIAETCA KOHIIeH-
Tpauusa xJjopoduilia-a, Ajisg Hero Nopor NorpemHoCcTH
ompenesieH Ha ypoBHe 35% JJiA OTKPBITOTO OKeaHa
(Kwong et al., 2022).

J7iA moBBIIEHMA TOYHOCTH KJIaccuUKaLUU
U nporHosupoBaHus B GEE BO3MOXHO BKJIIOUEHUE B
Habop JaHHBIX He TOJIbKO 3HA4YeHHUI CIeKTpaJbHBIX
KaHaJIoB, HO U CIeKTPaJIbHBIX MHJIEKCOB, a TaKkKe JaH-
HbIX HudpoBoil Mofenu pesbeda (IIMP) u MecTHOCTU
(IMM). B xauectBe faHHbIx [[MP BBICTYNAIOT «IIepBhie
MPOU3BO/IHBIE» 3HAUYEHWUIl BBICOT: YKJIOHBI U 3KCIIO3U-
nua. IIMM MoXxeT 3HauUTeJIbHO U3MEHAThCA B PE3YJlb-
TaTe MNPUPOAHBIX sABJIeHUM (HAaBOOHEHU:A, LyHaMHU,
OIIOJI3HH, CeJIN), U [JIA UX OTCJIeXXUBaHNUA IPUMEHAIOTCA
JaHHBe cheMKH Sentinel-1, KOTOpBIE TakXe OOCTYIIHBI
B GEE (Chen and Zhao, 2022). LlenecooGpa3HOCTb
BKJII0UEeHMsA JOIOJHUTEJIbHBIX JaHHBIX OLIeHHBAETCs 110
W3MeHeHHI0 o0Iell TOYHOCTH Kjaccubukanuu, Kosd-
dunueHTy kanna. BaxxHo He neperpyxarb MOAeJb, 4YTO
MOXeT IIPUBeCTH K Ilepeo0y4yaeMOCTH.

Jl714 ieMOHCTpanyy BO3MOKHOCTH OLIEHKH COCTO-
SIHWSA TIOBEPXHOCTHBIX BoA 03.Baiikasn Ol BEIOpaH yua-
cTOK AesibThl p.CesieHra c Ipujeraromieil akBaTopuen
o3epa. Iloctpoenue nzobpaxenus B GEE c ucrnosb3o-
BaHUeM CITyTHHUKOBBIX CHHMMKOB BO3MOXHO Ha OCHOBe
KOMIIO3UTa K3 HEeCKOJIbBKMX CHHMKOB, 4YTO ObIBaeT
OYeHb BAXXHO B CJIyyae CHJIBHOU 00JIAYHOCTHU B peru-
oHe. [IpuMep BU3yaynn3alUy ¢ UCIOJIb30BaHUEM CHUM-
koB Landsat-8 u Sentinel-2 mpefcrapjeH Ha PucyHke 1.

[lpuBefeHHBINI NpuUMep AEMOHCTpPUpYeT Ipu-
MEpHO CXOAHBIe pe3yjbTaThl (ObIMKa U 00J1a4HOCTb
OTCYTCTBYIOT), HO AJ11 KOMIIO3UTa Ha OCHOBE CHHUMKOB
Sentinel-2 xapaxTepHo 60J1ee BEICOKOE IPOCTPAHCTBEH-
HOe paspellieHue.

a) Sentinel-2 nroHe 2025 1.

[Ilpumep mnpoBefeHUs pacyeTa CIEeKTPaJIbHOIO
HMHJAeKca [JiA olpejiesieHrs I'PaHUI] BOAOEMOB IpHBe-
AeH Ha PucyHke 2. Pe3ysibTaThel MOTyT OBITH IIpeoGpaso-
BaHBI B BEKTOPHBIN (JopMaT U 3KCIOPTUPOBAHHL.

BaxHbIM npyu ompepdesieHWM TpaHUI] BOJOEMOB
ABJIAETCA OLleHKa TOYHOCTHU. JJIA 3TOro NpOBOAUTCA
CpaBHeHHEe C DOJTaJIOHHBIM Y4YacTKOM U IOCTpPOeHHe
MaTpHIel OKUOOK ¢ pacyeToM KoddduIiieHTa TOYHO-
cty. Jly1A gaHHOrO pacyeTa obiiasg TOYHOCTb COCTaBUIa
nopagka 80% u koapdunuent kanma 0,6. Ha miat-
dopme GEE mmeeTca BCTPOEHHBI aJITOPUTM oOIpefe-
Jienus errorMatrix u accuracy.

3. Pe3yAabTathbl M 06Ccy)xpeHue

CaHuMKku Sentinel-2 uMewT cpefHee MPOCTpaH-
CTBeHHOe paspenieHre 10 M U MOTYyT HCIIOJIb30BaThCA
Kak JiJIg aHaJIu3a Bcell akBaTOpUM 03epa, TaKk U OTAeJIb-
HBIX €r0 y4acTKOB. B kauecTBe npuMepa MOXHO IpUBe-
CTU pacueT KOHLEHTpaluu xjiopoduisa-a u nmpo3pad-
HOCTHU IOBEPXHOCTHBIX BOJ 1O AKcKy CeKku Ha OCHOBe
mofenell u3 ucciaenosanus (boiganosa, 2022) (Puc. 3
u4).

CoBpeMeHHble OOJIayHbBle CEpPBUCH IIpeJOCTaB-
JIAIOT IpeKpacHyl0 BO3MOXHOCTb aHa/M3a COCTOSHUA
BOJOEMOB C HCIIOJIb30BaHHEM KOCMOCHMMKOB C IJIO-
OaJIbHBIM IOKPBHITHEM, a TakXe yXe IOTOBBIX HabOpoB
JaHHBIX. B maHHOM HccileoBaHMU OBUIM MCIOJIb30-
BaHBl pa3jiMyHble HaOOphl AJIA aHaJW3a AWHAMUKHU
OeperoBoil JIMHUM IecyaHoro 6apa, OT/esAIIero
[Tocosbckuii cop oT akBaTopum o3.Baiikasi, Ha miat-
dopme Google Earth Engine (GEE) ¢ ucnosib3oBanvem
nporpaMmupoBaHus JavaScript.

[Mecuansiii 6ap, otnensatomuii Iloconbekuii cop,
pacnosioxeH B I0XHOM 4acTH o3epa W IpefcTaBjAeT
co0oll [1Be 4yacTH, CeBEepHYyl0 U I0XHYyI0. BreicoTa 6apa
HeOoJiplIasA, Oeperosas JIMHUA NMOJABepXeHa IMOCTOSH-
HOMYy H3MeHeHHI0 OjiarofapsA Ce30HHBIM KoJie0aHUAM
ypOBHA BoAbl B batikase, felicTBUAM IITOPMOB U Teue-
HUN. MHTepec mnpencTaBiifdeT W3MeHeHMe IUIOLMaau
6apa u HallpaBJieHHe U3MeHeHU.

B nHamem pacnopspkeHHu nMmeerca Habop oOpa-
6oTaHHBIX cHUMKOB Landsat 5, 7 u 8 3a nepuop 1984-
2021 rr. JRC Yearly Water Classification History (Pekel
et al.,, 2016), roe Kaxmblil MUKCeJ OB OLIEHEH KakK

e 1

6) Landsat-8 nioHb 2025 1.

Puc.1. IIpuMep BU3yaIM3alUU C UCIIOJIb30BaHUEM CHUMKOB Sentinel-2 (a) u Landsat-8 (6).
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a) McxoaHein komnosnt Sentinel-2 nioHb 2025 1.

6) MNDWI

Puc.2. HPI/IMep MIpoOBEE€HNA pacuyeTa CIIEKTPpaJbHOIO MHAEKCA OJIA OIIpeAeJIEHUA I'paHUI] BOJOEMOB Ha OCHOBE KOMIIO3UTAa

(a) c ucnoJib30BaHUEM ClieKTpasbHOrO MHAeKca MNDWI (6).

BOJTHBIV/HEBOAHBIL HA OCHOBE DKCIIEPTHOU CHCTEMBI, U
co3/jaHa exeMecsYHas1 UCTOpUs. 30HA MHTepeca U KoJie-
O6aHusA wiomaau 6apa npeacrasiieHsl Ha PucyHke 5.

OueBuHO, 4TO AaHHBIE ¢ 1991 o 1998 rT. HyXHO
VYUTHIBATh BHIOOPOYHO, T.K. CHUMKOB 33 3TOT MEPUOJ
OpI0 HefgocTtaTouHO. IDnomanas 6apa CUJIBHO 3aBUCUT
OT YPOBHS BOJBL B 03epPe, U B MAJIOBOAHBIN MEPUO, UK
KoToporo npumescs Ha 2015 1., ObIJT JOCTUTHYT Mak-
CHUMYyM B pa3Mepax TeppuTopur. MUHUMYM ILTOMIAqU
6apa Habmonancsa B 2019-2021 r. B nmepuoji BBICOKOH
BOJIHOCTH.

KoHueHTpauums xnopodunna-a, Mr/n

M 5 v ceoiwe

Ha6op namaeix JRC Monthly Water History
MI03BOJIAET IIPOBECTU CpaBHeHUe KOoHpurypanuu Oepe-
rOBOM JIMHUHM B OTZeJIbHBIE MeCsALBl. BeUTM BHIOpAHBI
HEPUOBl MaJIOM BOAHOCTH IO TOJlaM U IO Ce30HaM
roja U MakCMMaJIbHO BBICOKOH BogHOCTHU (Puic. 6).

Ha6op mauueix JRC Global Surface Water
Mapping mo3BOJIET OIEHUTh B NPOIEHTaX YacCTOTY
IpUCyTCTBUA Boabl. Ha ocHOBe 3TOro Habopa MOXHO
HOJIyYUTh IPEJICTAaBJIeHHe O CTAOMJIBHBIX Yy4YacTKax
Tepputopun (Puc. 7a) U MaKCMMaJIbHO BO3MOXXHOM
Teppurtopuu 6apa (Puc. 706).

Puc.4. IIpumep pacueTa IIpo3pavyHOCTH TOBEPXHOCTHHIX BoJ 1o Aucky Cekku A akBaTopuu o3.batikai (a) u oTAesIbHOro
yuacTka (6).
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Puc.5. 3oHa nHTepeca u KoJsiebaHUA IUIOMAAY IecyaHoro 6apa, otaessawmero ITocosbekuil cop oT akBaTopuu o3.batikas.

2000-05

2015-05

2021-06
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Puc.6. CpaBHeHMe KOHMUTypaly GeperoBoil JIMHUY NecYaHoro 6apa 1o ce30HaM.

C momoupi0 CHUMKOB Landsat ecTb BO3MOX-
HOCTh OLIEHMBATh TeMIlepaTypy IIOBEpXHOCTH, IIpH-
Mep mpeicTaBjieH Ha PucyHke 8 (BeIOpaHBl y4yacTKU
OTKpBITON BoAbI 03.batikas, genbTel p.CesleHra, 3ajiBa
YepxanoBckuii cop). OmubKU Npu OlieHKe TeMIiepa-
TypBl MOT'YT BO3HUKAaTh NpU MONAJaHUU B 30HY HUHTe-
peca 00JIaKOB WJIM TeHel OT HUX, ITO3TOMY PeKOMeH-
AyeTcs MPOBOAUTh UX MackupoBaHue. Obyiaka 0OBIYHO
NIPMBOJAT K 3aHMXEHUIO TeMIlepaTyphl IIOBEPXHOCTH,
Ha JIeTHUX CHUMKAaX MOXeT IOSABUTHCA OTpUllaTesbHasA
TeMmnepaTrypa. TeHHU, ecTb IIpeAIoJIoXKeHne, ToXe IIPU-
BOJAT K MCKaXeHNUIo GpaKTHiecKux 3Ha4eHUl TeMIepa-
Typsl noBepxHocTu (Cook et al., 2014).

OueBUAHO, YTO TeMmIepaTypa IOBEpPXHOCTHU
B OTKpHITOM Dbalikajsie Huxe, 4eM B cope U AeJibTe.
PacxoxaeHue dakTuueckux 3Ha4YeHUI TeMIlepaTyphl
MOBEPXHOCTU C JAHHBIMU CIEKTpaJjibHOro kaHasa B10
He IpeBBHIIaeT OJHOIO rpajyca IO HallUM OlleHKaM
(Puc. 9).

HemocraTok cuuMmioB Landsat — HHM3Kas MOBTO-
pseMocTh CbheMKHU, pa3 B 16 AHeil. DTo 3aTpyOHsAeT
HCIOJIb30BaHNe JaHHOTO Habopa JJis Ol[eHKU SIBJIEHU,
UMelomux Oojiee KOPOTKUM LUKJ. Ilo3ToMy MOXHO
paccMoTpeTh Apyrue CUCTEeMBl CIYTHHUKOBOIO MOHHU-
TOpPUHra JJid aHa/u3a TeMIlepaTyphbl IOBEPXHOCTU. B

4aCTHOCTH, CITyTHUKU Terra u Aqua co crieKTpopaauno-
MeTpuueckuM aatyukom MODIS nmo3BosAwT nojydaTh
exe[HeBHble [aHHBIE O TeMIlepaType IIOBEepXHOCTHU
(Wan et al., 2021). Ho u3-3a 60JIpIIOTO OXBaTa TeppU-
TOPUY CHUMKHU I10JIy4al0TCs IIJIOXOTO MIPOCTPaHCTBEH-
Horo paspewieHrsa 1000 M. CyliecTBYIOT KOMIIO3UTEHL

Puc.7. CrabuspHble yyacTKU Tepputopuu (a) U Makcu-
MaJIbHO BO3MOXHas Teppurtopus (6) mecuaHoro 6apa, otne-
Jstiontero Ilocosbekuiil cop oT akBaTopuu o3.batikai.
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JMHaMKKa TeMnepaTypbl NOBepXHOCTH Ha Baiikane

—e— O3epo Peka —e— Cop
3 20
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Q .
m Sw e / T ]
= 5 —
g 810 e N
=] S5 — "
] T
g
=
S
R0
Wrons 2021 12 19 AsrycTt 2021 9 16 23 30

Werox

a) PacnonoxeHne y4yacTKoB OTKPLITON BOAbI
(cvHui, O3epo), aenbTbl p.Cenexra (3eneHbiv, Peka) n
3anusa Yepkanosckuin cop (kopudHesbiid, Cop)

6) OuHaMuka TemnepaTypbl NOBEPXHOCTH MO BbIGpaHHLIM y4acTkam B

none-asrycte 2021 r.

Puc.8. HpI/IMep OLICHKM TeMIIEpaTyphbl IIOBEPXHOCTU IO TPEM BbIﬁpaHHbIM y4dyacCTKaM: a) pacnoJioxeHne BbIﬁpaHHbIX yuacTt-
KOB; 6) AVHaAMUKa TEMIIEpaTypbl IOBEPXHOCTU BOABI 11O yYaCTKaM.

w—--0,420513, 0=1.01704

YactoTa

3 2 El [ 1 2

PacxoxzaeHve 3HauyeHuin Temnepatyp (T-B10)

a) MNcTorpamma pacnpeneneHust OTKIOHEHUI 3HaUYeHUIA kaHana
B10 ot Temnepatypel in situ, cpeaHee = - 0,42, aucnepcus = 1,0

12
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Temnepartypa in situ

6) Bsaumocessb 3HaueHuit kaHana B10
oT Temnepatypel in situ

Puc.9. OreHka pacxoxaeHUH (HakTUIeCKuX 3HAaUeHUE TeMIepaTypHl in situ u 3HaueHuil kaHasia B10 Landsat 8 (T-B10).

cocTaBJieHHble 13 CHMMKOB 3a 8 JIHel, HCKJIIoualoIie
obsayHocTh. Ha nmpumepe cHUMKOB 3a 2022 T. MOXHO
HabJogaTh OWHAMUKY TeMIepaTypbl C BO3MOXHBIM
BBIABJIeHHEM anBesutnHroB (Puc. 10). AmBesIsIMHIM Ha
batikasie onucaHsl B pabote Tpouikas u ap., 2023.

OcHOBa KOMIIO3UTHEIX CHHUMKOB — Pe€3yJIbTaThl
chbeMKH 3a 8 JHeH IocJjie MCKJII0YeHHs 00JJauHOCTU U
ycpeqHeHUA 3HaUeHUI Kaxgoro 6ura. KoHeuHo, He BcA
AbIMKa UckiiioyeHa. CymecTByeT MHOXECTBO IPOLEAYP
OJ1A yCTpaHeHUA 00JIayHOCTH, HO UAeaJIbHBIX HET.

B nmasnpHelinieM i 6oJiee IOJIHOrO aHaJIM3a C
BBIABJIEHMEM aNBeJUIMHIOB BO3MOXHO mNOTpebyeTrcs
0oJlee YacToe MOCTPOeHNEe KOMIIO3UTHBIX CHUMKOB CO
CKOJIB3AIMM [E€PUOAOM CrJIaXXUBaHWA IIPU IOCTpoe-
HUU KOMIIO3UTOB.

WioHb 22-30 Wione 22-30

4. BoiBOADI

C nomounipio matd@opmsel GEE mnossiswTca BO3-
MOXHOCTH AJIA IPOBefieHN A IIpeABapUTeIbHON OLIeHK!
nepej NpoBeJieHNeM II0JIEBBIX MCCIIeJOBAHUI: MOCTPO-
eHye KOMIIO3WUTa M300pakeHUs MO IOoCJIeJHUM CHUM-
KaM C UCKJII0YeHHeM 00JIaYHOCTH U TeHel, u3BJleueHue
rpaHuUL] BOJOEMOB, OLleHKa COCTOSAHUSA NOBEPXHOCTHBIX
BOJ U mpuieramomero penbeda Teppuropun. Ilocie
[IOJIy4yeHUs JAaHHBIX HaTypPHBIX HaOJIIOAEHUM, a Takke
IIPM MCIOJIb30BAHMU [JAHHBIX IIOCTOSHHBIX H3Mepe-
HUI BO3MOXHO IIOCTPOEHHEe 3MIMPUYECKUX Mopesiei
He TOJIbKO Ha OCHOBE PerpecCMOHHOro aHaju3a, HO U
MallMHHOTro oOyueHusA, B yacTHocTu Random Forest,
aJITOPUTM KOTOPOrO JOCTYIIEeH K HCIIOJIb30BaHHUI0 Ha

Agryct 22-30

CeHTs0pb 22-30

Puc.10. [JunaMmuka n3MeHeHUs TeMIlepaTyphl IOBepXHOCTHU akBaTopuu o3.batikas B 2022 r.
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mwiatdopme GEE. [TonydeHHbIe MOJeId MOTYT UCIOJIb-
30BaTbCA [JIA OIEpaTHBHOIO MOHWUTOpPHHTA IO Bcel
akBaropuu o3.baiika.
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