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ACCURACY ASSESSMENT
OF DETERMINING THE AREAS OF SMALL LAKES
BASED ON REMOTE SENSING DATA

Small lakes are important elements of the ecosystem, especially under conditions of climate change
and active water use. Studying their condition is of key importance for understanding the water balance
and biodiversity of the region. This study compares remote sensing techniques for small lakes using
Landsat-8, Sentinel-2, Planet and unmanned aerial vehicle (UAV) data.

The aim of the work is to determine the most effective approach for monitoring lake conditions
by analyzing the accuracy of different methods and indices. The methods used include the analysis of
multispectral data such as NDWI, MNDWI and AWEI, which allow the distinction between aquatic and
non-aquatic objects. The scientific significance of the study lies in assessing the potential of modern
remote sensing technologies for detailed monitoring of ecosystem changes. Practical significance of the
work consists in providing recommendations for sustainable water resources management and develop-
ment of adaptation strategies.

The research methodology included processing satellite data of different resolutions, accuracy
verification using UAV reference data, and application of spectral indices for water surface mapping.
Results showed that high-resolution imagery (PlanetLab data) most closely matched field observations.
The spectral indices NDWI, MNDW!I and AWEI showed different accuracy depending on data char-
acteristics and lake features. The analysis confirms the effectiveness of an integrated approach using
high-resolution data and spectral indices for monitoring the condition of small lakes. The practical
value of the study lies in optimizing the monitoring of water bodies and maintaining their ecological
sustainability.

Key words: Remote sensing, small lakes, spectral indices, accuracy assessment.
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KK3 Aepektepi 60ibIHLLA LUAFbIH KOAAEPAIH,
AyAQHAAPbIH aHbIKTAy ADAAITH Gararay

Kiwi keaaep aKoXKyMeHiH MaHbI3Abl SIAEMEHTTepi 6OAbIN TabbiAaAbl, BCipece KAMMATTbIH, ©3re-
pyi )keHe cyabl 6eAceHAl nanaaaHy >karaaribiHAQ. OAapAbIH XKaFAdiblH 3epTTey ainMaKThiH Cy Oa-
AQHCbl MEH OMOBPTYPAIAITIH TYCiHYAIH KiATI 60AbIN TabbiAaabl. By 3epTTey Landsat-8, Sentinel-2,
Planet cnyTHMKTEpi MeH YLLIKbILICHI3 YWAaTbIH annapaTrapAaH (YLWKbILWCHI3 ylly annapaTtTapbiHaH)
aAbIHFaH AepeKkTepAi naraasaHa OTbIpbIM, WaFbiH KOAAEPAI KalbIKTbIKTaH 30HATAY 9AICTEpiH ca-
ABICTbIPAAbI.

JKYMBICTbIH, MaKcaTbl 8PTYPAI SAICTEP MEH KOPCETKILUTEPAIH ADAAITH TaAAQY apKbIAbl KOAAEPAIH,
SKaFAAnbIH GakbIAQYAbIH €H TUIMAT 9AICIH aHbIKTay 60AbIN Tabbirasbl. KoaaaHbiAaTbiH aaicTep NDWI,
MNDWI sxeHe AWEI cnakTbl Cy KaHe Cy eMeC HbICaHAQPAbI aXkblpaTa aAdTblH MYAbTUCMEKTPAIK Ae-
peKkTepAi TaAAQYAbl KAMTUADI.

3epTTeyAiH FbIAbIMM MaHbI3ABIAbIFbI KOXKYIE e3repicTepiH erken-TerkenAi 6akbiAay yLIiH Kasipri
3aMaHfbl KALbIKTbIKTaH 30HATAy TEXHOAOTMSIAAPbIHBIH MYMKIHAIKTEpIH Gararayaa »aTbip. JKyMbICTbIH
NPaKTUKAAbIK, MaHbI3AbIAbIFbI Cy PecypCTapbiH TypakTbl 6ackapy >keHe GerliMAeAy cTpaTervsiAapbit
a3ipAey 60MbIHLLA YCbIHbICTap 6epy GOAbIN TabbIAAAbI.
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3epTTey aaiCcTeMeCi 8p TYPAI aXKblpaTbIMABIAbIKTAFbl CIYTHUKTIK AepekTepAi eHaeyal, YYA-aAaH
AAbIHFaH aHbIKTaMaAbIK, AEPEKTEPAI MalAaAaHa OTbIPbIN, ADAAIKTI CbiHayAbl >K&He cy OeTiH KapTara
TYCIpY YLUiH CNEKTPAIK MHAEKCTEPAI KOAAAHYAbI KAMTbIAbI.

HaTukeAep xorFapbl aXKblpaTbIMAbIAbIKTaFbl KeckiHaepaiH (PlanetLab aepexTepi) Aaraabik, 6akbi-
AQyAapFa eH, >KakblH calkecTik ekeHiH kepceTTi. NDWI, MNDWI >xeHe AWEI cnekTpAik nHaekcTepi
AEpeKTep CUMATTaMaAaPbIHA XXOHE KOA epeKlleAikTepiHe GANAAHBbICTbl BPTYPAI ADAAIKTEPAI KOPCETTI.

Tansay laFbiH KOAAEPAIH >KaFAanblH OGaKblAQy YLIIH >KOFapbl aXXblPaTbIMADBIAbIKTaFbl AepeKTep
MEH CMEeKTPAIK MHAEKCTEPAI MalAaAaHa OTbIPbIMN, KeLeHA| TOCIAAIH TUIMAIAIFIH pacTaiAbl. 3epTTeyAiH,
MPaKTUKAABIK, KYHAbIAbIFbI CYy 0ObeKTiAepiHiH MOHUTOPUHIIH OHTAaNAAHAbBIPYAQ XKOHE OAAPAbIH, SKOAO-
FMUSABIK, TYPAKTBIABIFbIH CaKTayAa >KaTblp.

Ty#in ce3aep: KawbIKTbIKTaH 30HATAY, Killli KEAAEP, CMIEKTPAIK KepceTKiluTep, ADAAIK Garaay.
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A.A. AmaHaeaan?, AE. Aaamsposa’
THAO «Ka3axckuit HaLMOHAAbHbIN arpapHbIil MICCAEAOBATEAbCKMIA YHUBEPCUTET», I. AAMaThl, KaszaxcraH
2TOO «MHCTUTYT noHocpepbl», r. Aamatbl, KasaxcTtaH
*e-mail: igm.ionos@gmail.com
OueHKa TOYHOCTU onpeAeAeHUs NMAOLLLAAeln
MaAbIX 03ep no AaHHbIM A33

Manble 03epa SIBASIOTCS BaXKHbIMW 3AEMEHTAaMM 3KOCUCTEMbI, 0COOEHHO B YCAOBUSIX M3MEHEHMS
KAMMAaTa M aKTMBHOIO BOAOMOAb30BaHUS. M3yueHne nx COCTOSHUSI UMEEeT KAIOUEBOE 3HaUeHMe AAS
NMoHMMaHMs BOAHOroO 6aAaHca u 6rMopasHooOpasust permoHa. B AaHHOM MCCAEAOBaHMM MPoOBeAe-
HO CpaBHEHME METOAOB AMCTAHLMOHHOIO 30HAMPOBAHMS MAAbIX 03ep C UCMOAb30BAaHMEM AAHHbIX,
MOAYYEHHbIX CO CnyTHMKOB Landsat-8, Sentinel-2, Planet 1 6ecnMAOTHbBIX A€TaTeAbHbIX arnapaToB
(BITAA).

LleAbto paboTbl SBASIETCSI OnpeAeAeHre HanboAee 3DPEKTUBHOIO MOAXOAA AASI MOHUTOPKMHIA CO-
CTOSIHUSI 03€ep MyTeM aHaAM3a TOYHOCTM PA3AMYHbIX METOAOB UM MHAEKCOB. MCMoAb3yemble METOAbI
BKAIOYAIOT aHaAM3 MYAbTUCMEKTPAAbHbIX AaHHbIX, Takmx kKak NDWI, MNDWI n AWEI, koTopble no-
3BOASIOT Pa3AMYaTh BOAHbIE M HEBOAHbIE 0ObEKTbI. HayuHas 3HAUMMOCTb MCCAEAOBAHMS 3aKAIOUAETCS!
B OLIEHKE BO3MO>KHOCTEN COBPEMEHHbIX TEXHOAOTMIA AMCTAHUMOHHOIO 30HAMPOBAHNS AAS AETAAbHOTO
MOHMTOPUWHIa M3MEHEHMI 3KocucTeM. [pakTnyeckas 3HaYMMOCTb PaboTbl COCTOUT B MPEAOCTaBAEHNM
PEKOMEHAALMI AASl YCTOMUYMBOIO YMNPABAEHUSI BOAHbIMW pecypcamm M paspaboTkM apanTauMOHHbIX
cTparermmn.

MeToAOAOIUSt MCCAEAOBAHUS BKAIOYAAA 06pabOTKY CMYTHUMKOBbIX AQHHbIX PA3AMYHOrO paspeLlie-
HUSI, NMPOBEPKY TOUYHOCTU C UCMOAb30BAHMEM 3TAAOHHbBIX AQHHbIX, MOAYUYEHHbIX C MOMoLLbio BITAA, m
NpUMEHEeHMEe CreKTPaAbHbIX MHAEKCOB AAS KAPTUPOBAHMS BOAHOM MOBEPXHOCTU. Pe3yAbTaTbl nokasa-
AW, YTO CHMUMKM C BbICOKMM paspelleHnem (AaHHble PlanetlLab) Hanboaee 6AM3KM K AQHHBIM MOAEBbIX
HabAloAeHui. CniekTpaabHble nHaekcbl NDWI, MNDWI 1 AWEI npoAeMOHCTPUMPOBaAM PasAMUHYIO
TOYHOCTb B 3aBMCMMOCTM OT XapaKTepUCTUK AAHHbIX M 0COOGeHHOCTen o3ep. [MpoBEeAEHHbIN aHaAM3
noATBep>XKAeT 3(P(PEKTUBHOCTb KOMIMAEKCHOMO MOAXOAA C MCMOAb30BaHMEM AQHHbIX BbICOKOro pas-
pelleHust U CNeKTPaAbHbIX MHAEKCOB AASI MOHMTOPMHIA COCTOSIHUS MaAblx o3ep. [NpakTuueckas LeH-
HOCTb MCCAEAOBAHUS 3aKAIOUAETCS B OMTUMM3aLMM MOHUTOPMHIA BOAHBIX OOBEKTOB M MOAAEPIKAHMM
MX DKOAOTMYECKON YCTOMYMBOCTU.

KaroueBble caoBa: A33, MaAble 03epa, CrieKTpaAbHble MHAEKCbI, OLLEHKA TOYHOCTMU.

Introduction

Small lakes are an important object of water re-
sources research, especially under conditions of cli-
mate change and active water use. The lakes of the
Esil basin, located in the central part of the country,
represent a unique ecosystem that plays a significant
role in maintaining the biodiversity and water bal-
ance of the region.

Lakes play an important role in the hydrosphere
and ecosystem, so studying their condition through

remote sensing is of great importance for under-
standing changes in the environment. Small prairie
lakes, especially saline and drainless systems, are
very sensitive to climate change and human activi-
ties. These ecosystems face numerous threats includ-
ing water diversion, pollution, resource exploitation,
and invasive species (Beeton, 2002: 21-38; Jenny et
al., 2020: 686-702; Gross, 2017: 43-46). In Cen-
tral Asia, many endorheic lakes have experienced
significant water level declines over the past cen-
tury, with evaporation often exceeding precipitation

71



Accuracy assessment of determining the areas of small lakes based on Remote Sensing Data

(Yapiyev et al., 2017: 14). Many lakes, especially
those below 3,500 m above sea level, have shrunk,
while some high-altitude lakes have expanded due
to melting glaciers. (Huang et al., 2022). Human
activities, including agriculture and dam building,
have played a more significant role than climate
change in altering lake water supplies (Huang et
al., 2022; Li et al., 2011: 1216-1229). The future
of small steppe lakes remains uncertain, requiring
enhanced monitoring and analysis to develop appro-
priate adaptation and mitigation strategies. Various
methods and technologies are used to monitor and
study small lakes in the study region, including data
obtained from unmanned aerial vehicles (UAVs)
and optical satellites. UAVs provide the ability to
obtain high-resolution multispectral images, which
allows for detailed analysis of water bodies and the
surrounding area.

Comparison of data obtained using UAVs and
optical satellites allows us to evaluate the effec-
tiveness and applicability of different methods for
monitoring small lakes. Analysis of the set of infor-
mation obtained from various sources helps to more
accurately identify changes in the state of water re-
sources and makes it possible to make informed de-
cisions on their protection and management.

The purpose of this study is to compare two
methods of data collection — using UAVs and opti-
cal satellites, to assess the state of small lakes in the
Esil WMB and to identify possible differences in the
results obtained. Conducting data analysis will help
determine the most effective approach to monitor-
ing and studying water bodies in this region, which
in turn contributes to sustainable water management
and the preservation of the ecosystem of small lakes.

Materials and methods

Modern satellite observation technologies make
it possible to obtain high-quality data on lake sur-
face characteristics, including water cover parame-
ters, water temperature, phytoplankton content, and
other factors. Research shows that remote sensing of
lakes is actively used to monitor ecosystem changes,
identify pollution, and assess freshwater resources.

Satellite remote sensing is an effective method
for mapping and monitoring small lakes and wet-
lands, providing valuable data for climate studies
and water resources management. Remote sensing
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techniques have been widely used to monitor lake
areas and assess accuracy in various regions, in-
cluding steppe and permafrost. Various methods
using different satellite sensors have been used
to estimate lake area. Recent advances in satellite
technology, including Landsat 8 and the upcoming
Sentinel missions, are increasing the ability to as-
sess various water quality parameters over a wider
range of lake sizes (Olmanson et al., 2015: 111-
140). The integration of Landsat and MODIS data-
sets combined with water surface definition indices
like Normalized Difference Water Index (NDWI)
and Modified Normalized Difference Water Index
(MNDWI) has helped to improve the increased
accuracy of lake map visualization (Zhang et al.,
2017: 742-772; Buma et al., 2018: 1-24). Integrat-
ed multi-sensor methods combining optical and ra-
dar datasets have been developed to estimate lake
surface area and changes in water level and volume
(Chipman, 2019: 158). The accuracy of lake area
estimates is affected by spatial resolution, spectral
characteristics, and satellite data processing tech-
niques (Lyons et al., 2013:7887-7905). Recent ad-
vances in satellite technology and data availability
have increased the ability to monitor lakes world-
wide, especially in remote regions such as the Ti-
betan Plateau (Gao, 2015: 147-157; Jawak et al.,
2015: 196-213). Precision assessment methods, in-
cluding statistical experiments and systematic sam-
pling methods, have been developed to evaluate
area measurements and detect changes. (Sun et al.,
2004: 189-202). These methods provide valuable
information on the impacts of climate change and
water management. Modern advances in satellite
technology and data availability make it possible
to monitor lakes worldwide, even in the isolated
region of the Tibetan plateau (Gao, 2015:147-157;
Javak et al., 2015:196-213). Methods have been
developed to accurately estimate areas and their
variations using statistical experiments and sys-
tematic sampling (Sun et al., 2004:189-202). They
provide important information on climate change
impacts, consequences and water management un-
der such conditions.

Remote sensing techniques are an effective tool
for monitoring changes in lake area, providing im-
portant data on the impact of climate change. The
satellite families of Landsat, MODIS and SPOT/
VEGETATION and others have been applied to
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estimate lake area (Chipman, 2019; Zhang et al.,
2017; Xu et al., 2012; Ma et al., 2007). Various
calculated water indices, including NDWI, MND-
WI and AWEI, show high accuracy in distinguish-
ing between aquatic and nonaqueous environments
(Zhang et al., 2017; Buma et al., 2018). And the
combination of satellite imagery with altimetry
data can track changes in lake water volumes.
These approaches have been successfully applied
to lake monitoring in regions of Mexico, Egypt,
and China (Tapia-Silva et al., 2018; Chipman,
2019; Ma et al., 2007). Mapping accuracy depends
on the choice of data and methods, and results de-
pend on variables such as spatial resolution, tem-
poral coverage, and regional characteristics (Zhang
etal.,2017:742-772; Xu et al., 2012:792-796; Gao,
2015:147-157).

The Esil water management basin (WMB) is lo-
cated within the North Kazakhstan, northern part of
Akmola and a small part of Karaganda oblasts of
Kazakhstan. Its area is 237,226 km? and the main
water body is the Esil River, which is 2,450 km long
and has a catchment area of 177,000 km?. The main
tributaries of the river include the Kalkutan, Zhabai,
Terisakkan, Akkanburlyk and Imanburlyk. The river
flow is regulated through the Astana (Vyacheslav)
and Sergeevskoye reservoirs. The basin territory is
also characterized by a significant number of lakes,
among which there are both large water bodies and
small steppe lakes. Lakes play an important role in
maintaining the biodiversity and hydrological re-
gime of the region (Mukasheva, 2019: 50-54).

In this study, three lakes with different water
mirror area were selected for detailed study (Fig-
ure 1).

Lake  Zhamankol  (53°50°45.186° N,
68°34°41.823"’ E) is located to the west of Zagra-
dovka village in Yesil district of North Kazakhstan
region. In the south-western part of the reservoir
there are mountains. The lake has an open water
surface and its bottom is covered with silt. The
maximum depth is 2.9 meters, the water’s edge
mark is 152.7 meters above sea level. The water
surface area is 3.36 km?. The water body is drain-
less and is currently not used. In this study, 3 lakes
with different water mirror area were selected for
detailed study.

Lake Kumdykol (53°55°44.443> N,
66°13°37.705"" E) is located 22.5 km southwest of
the village of Kairankol in the Timiryazev District
of North Kazakhstan Oblast. Its maximum depth is
3.1 m, and the water’s edge mark is 163.3 m above
sea level. The water surface area is 7.37 km?. The
lake is drainless, belongs to flat water bodies and
is fed mainly by precipitation and melt water. The
reservoir is used for fishing.

Kishi Koskol Lake (53°17°26.766> N,
68°25°46.186"" E) is located to the south of An-
tonovka village in Ayirtau district of North Kazakh-
stan oblast. The lake basin has an oval shape, slight-
ly elongated from north to south. The catchment
area is about 124.9 km?, the water surface occupies
9.76 km?. The maximum depth of the lake reaches
3.5 meters, the average depth is 2.97 meters. The
water body belongs to the category of periodically
waterlogged. The shores are monotonous, mostly
low and gentle, with a sandy beach strip 10-15 m
wide. The bottom is flat, saucer-shaped, and much
of it is covered with silt. The lake is used for fishing
and watering cattle.

In this work, medium and high resolution ar-
chival data from Landsat-8, Sentinel-2 and Planet
satellites were used to update vector layers of the
map base of the study area. Landsat-8 presents
multispectral data in 11 spectral bands with reso-
lution from 15 m to 100 m. Sentinel-2, in its turn,
in 12 spectral bands with resolution from 10 m to
90 m.

However, for a more detailed study of mor-
phometric characteristics of individual objects,
higher resolution data are required. For this pur-
pose, Planet satellite images with 3m resolution
were used. Information about the used data is
given in Table 1.

The extensive coverage bandwidth and the
availability of a wide range of channels, in particu-
lar shortwave infrared channels, allow these satel-
lites to be useful data sources for lake studies using
different spectral indices. In previous studies by the
authors (Iskaliyeva et al, 2024:117-130), different
spectral indices for water surface determination
were considered. As a result, MNDWI and AWEI
indices were found to be the most accurate for water
surface mapping.
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Table 1 — Information on used aerospace data

Satellite Resolution Date Month Year Path/Row Cloud Cover Source
PlanetScope 3m 18 August 2021 242a, 2453, 2453 0% Planet Labs
Landsat-8 OLI/TIRS 15/30 m 20 August 2021 157/023 0.7% USGS
Sentinel-2A 10/20 m 18 August 2021 T42UVE 11.8% ESA
DIJI Phantom 4 pro 0.1m 18 August 2021 In-situ works
Khumdykol Kishi Khoskol Zhamankol

PlanetScope, Date:18-08-2021

LA TR T -

& ‘4 , A M\h e
Landsat-8 OLI/TIRS, Date:20-08-2021

Figure 1 — Display of selected lakes on different satellite images
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The modified normalized normalized difference
water index (MNDWI) effectively distinguishes be-
tween water and built-up areas in satellite images
(Xu, 2006: 3025-3033). This method utilizes the
visible green (GREEN) and shortwave infrared 1
(SWIRT1) spectral bands (Equation 1).

MNDWI = (GREEN —
— SWIR1)/(GREEN + SWIR1) (1)

The Automated Water Extraction Index (AWEI)
aims to improve the accuracy of land cover classi-
fication into water and non-water binary under dif-
ferent environmental conditions. This is achieved
by using multiple spectral bands (blue, green, NIR,
SWIR1 and SWIR2) and stabilizing the 0 threshold
used to distinguish between water and non-water
pixels by forcing non-water pixels below 0 and wa-
ter pixels above 0 (Feyisa et al, 2014: 23-35). The
lower index “sh” in the equation is introduced to ef-
fectively eliminate non-water pixels, including dark
surfaces in urban areas, resulting in improved accu-
racy by removing shadow pixels (Equation 2).

AWEIsh = BLUE + 2.5 x GREEN —
— 1.5 x (NIR + SWIRI) - 0.25 x SWIR2  (2)

However, due to the fact that the lakes in ques-
tion have swampy shorelines, a threshold of 0 may
not always lead to the best waterbody extraction re-
sults (Xu, 2006: 3025-3033; Feyisa et al, 2014: 23-

Table 2 — Surface water area from each water index

35; Guo et al, 2017: 5430-5445). Therefore, addi-
tional verification using reference information was
carried out.

As areference information were used the data of
“Institute of Geography and Water Security” LLP
from field observations obtained using DJI Phantom
4 UAVs. UAV allows to obtain data with resolution
of 2-4 cm in different spectral ranges and provided
quantitative and qualitative data on the lake surface.

Results and discussion

In this paper, the lakes of the Esil WMB were
analyzed using satellite data with different resolu-
tions. The used spectral indices also differ in their
applicability depending on the characteristics of sat-
ellite data. Thus, due to the lack of short-wave infra-
red channel, only one of the three indices — NDWI
— was applied to Planet satellite images. However,
due to the high resolution, the results of Planet im-
ages processing were closest to the reference data
from field observations (Table 2, Figure 2).

For Lake Zhamankol, the greatest discrepancy
from the benchmarks is observed in Sentinel-2A
data using MNDWI and AWEInsh indices (error
19.3%), which may be due to the low spatial resolu-
tion or peculiarities of the index itself.

For the study of Lake Khumdykol, NDWI shows
the least discrepancy with field data (errors 0.41%),
which may indicate its better adaptation for analyz-
ing water bodies in this region.

Lakes Index | 1 situ works NDWI MNDWI AWEI
Source ns
Total Surface Area (km?)
DIJI Phantom 4 pro 3.36 - -
PlanetScope - 3.86 -
Zhamankol
Sentinel-2A - 3.88 4.01 4.01
Landsat 8 - 3.77 3.89 4.00
DJI Phantom 4 pro 7.37 - -
PlanetScope - 7.38 -
Khumdykol
Sentinel-2A - 7.34 7.94 7.89
Landsat 8 - 7.22 7.48 7.88
DJI Phantom 4 pro 9.70 - -
PlanetScope - 8.95 -
Kishi Khoskol
Sentinel-2A - 8.91 10.01 9.80
Landsat 8 - 8.83 9.07 9.75
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For Kishi Khoskol, Landsat 8 shows the lowest
areas (8.83 km?), which is probably due to insuffi-
cient resolution (error 8.14%). The largest areas are
shown by MNDWI from Sentinel-2A (10.01 km?),

which is also due to the characteristics of the index,
which is more sensitive to turbid water (error 3.2%),
the most accurate result was shown by the AWEInsh
index applied to Sentinel-2 data (error 1.03%).

s 18
L L

[

Khumdykol

Kishi Khoskol

Zhamankol

Figure 2 — Calculation of different water surface definition indices

Although MNDWI and AWElInsh indices were
considered to be the most favorable indices for wa-
ter body selection in earlier studies, in this paper
they showed the best result only on the largest lake.
This may be due to wetland and dense vegetation,
hydrochemical indices of water bodies. In addition,
increasing the areas and sizes of the study objects
decreases the influence of spatial resolution of satel-
lite data.

Remote sensing techniques have proven effec-
tive for mapping and monitoring small lakes and
wetlands, offering valuable information on their
dynamics and ecological importance. Studies have
evaluated various methods for estimating lake area
using satellite imagery, including density slices, clas-
sification trees, and feature extraction (Roach et al.,
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2012: 51). Landsat and MODIS data have been used
extensively, with October identified as the optimal
month for mapping lake area on the Tibetan Plateau
(Zhang et al., 2017: 742-772). The combination of
satellite altimetry and high-resolution imagery has
shown promise in monitoring changes in lake vol-
ume (Baup et al., 2014: 2007-2020). For small water
bodies, Sentinel-2 imagery has proven suitable for
lakes larger than 350 m? (Freitas et al., 2019: 1-15).
However, challenges remain in accurately measur-
ing lake parameters, including boundary tortuosity
and seasonal variation (Shahid et al., 2019: 1-6). De-
spite these challenges, remote sensing remains cru-
cial for mapping and monitoring wetlands and small
lakes, especially in poorly studied regions (Lyons et
al., 2013: 7887-7905).
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Various methods such as NDWI thresholding,
ISODATA classification and K-means clustering
combined with flood filling (KCFFM) have been
applied (Ji et al., 2015: 327-334; Xu et al., 2021:
127180). KCFFM has shown high accuracy and sta-
bility, especially during ice periods (Xu et al., 2021:
127180). Studies have found significant correlations
between lake characteristics and meteorological pa-
rameters, emphasizing the influence of climate on
lake dynamics (Vakhnina et al., 20119: 178-182; Psh-
enichnikov, 2018: 45-53). Remote sensing has also
been used to assess water balance and volume chang-
es of steppe lakes (Magsar et al., 2021: 2051-2059).

Conclusion

This scientific paper is devoted to the study of
lakes located in the Esil WHB using satellite data
with different resolutions and spectral indices,
namely NDWI, MNDWI and AweinSh. Remote
sensing related methodologies have shown to be
highly effective in delineating and identifying water
bodies, especially when using high-resolution data-
sets comprising UAV data and Planet satellite im-
agery. These approaches ensured minimal variation
from the reference data in the form of field obser-
vations of small lakes, allowing for more accurate
delineation of shorelines and water surfaces.

The study confirmed that the choice of spectral

index and input data with optimal spatial resolution
has a significant impact on the accuracy of the re-
sults. The MNDWI and AWeinsh indices gave ex-
cellent results in regions with turbid water or wetland
vegetation, while the NDWI index showed the high-
est level of accuracy for lakes with stable hydrologi-
cal conditions. In addition, high-resolution satellite
data were found to be more effective for small and
medium-sized lakes, while medium-resolution data
were more applicable to large water bodies.

The results obtained have significant potential
for monitoring the dynamics and state of water bod-
ies, as well as for improving water management
systems. Prospects for further research include the
development of more accurate algorithms based on
machine learning methods, integration of satellite
altimetry data for comprehensive analysis, and the
study of relationships between climate change and
water system dynamics.
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