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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© G.M. Iskaliyeva'*', N.K. Sydyk', A.K. Kalybayeva'®, M.S. Sagat'!, A. Samat*, 2024
!Institute of Ionosphere, Almaty, Kazakhstan;
“Kazakh National Agrarian University, Almaty, Kazakhstan;
3Al-Farabi Kazakh National University, Almaty, Kazakhstan;
“Xinjiang Institute of Ecology and Geography, Urumgqi, China.
E-mail: igm.ionos@gmail.com

USE OF WATER INDICES FOR WATERBODIES IN THE ESIL WATER MAN-
AGEMENT BASIN

Iskaliyeva Gulnara — Leading researcher at the Laboratory of Space and Geoinformation Technologies,
Institute of Ionosphere, Ph.D. student, Kazakh National Agrarian Research University, Almaty, Kazakhstan
E-mail: igm.ionos@gmail.com; https://orcid.org/0000-0002-3183-728X;

Sydyk Nurmakhambet — Head of laboratory at the Laboratory of Space and Geoinformation Technologies,
Institute of lonosphere, Ph.D. student, Al Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: nurmahambet.s@gmail.com; https://orcid.org/0000-0003-1429-2393;

Kalybayeva Aigerim — Senior Researcher at the Laboratory of Space Monitoring of Emergency Situations,
Ph.D. student, Al Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: kalybayeva.aigerim@gmail.com; https://orcid.org/0000-0001-6088-6876;

Sagat Madina — Engineer at the Laboratory of Space and Geoinformation Technologies, Institute of lonosphere,
Almaty, Kazakhstan

E-mail: sagat.madinal @gmail.com; https://orcid.org/0009-0004-0174-5677;

Alim Samat — PhD, researcher in Research Centre for Ecology and Environment of Central Asia, Xinjiang
Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi, 830011, China

E-mail: alim_smt@ms.xjb.ac.cn; https://orcid.org/0000-0002-9091-6033.

Abstract. According to the historical information, there are more than 48 thousand
large and small lakes in Kazakhstan, a significant part of which are located in the north of
the republic. However, limnological studies of most lakes in Kazakhstan are still quite weak.
This study examined the applicability of Landsat (8,9) and Sentinel-2 satellite images for
the detection of surface water bodies in the Esil water management basin (WMB) using
water indices: NDVI, AWEI, AWEIsh, WRI, NDWI, MNDWI, NDMI, NDTI, NDSI. The
MNDWI and AWEI indices were found to be the best for water distribution in the two test
lakes of this study. NDTI showed the worst results. There are 831 lakes in the Esil River
basin, of which only 455 lakes have a surface area of more than 1 km 2 and 71 lakes have
a surface area of more than 10 km 2. According to an analysis based on various indices, in
2023, 770 lakes were discovered in the Esil River basin, of which only 452 lakes have a sur-
face area of more than 1 km 2 and 70 lakes have a surface area of more than 10 km 2. Thus,
there was a decrease in the number of 149 lakes with a surface area of more than 1 km 2 and
27 lakes with a surface area of more than 10 km 2 by compared to the data file.

Keywords: Water indices, Remote sensing, Esil water management basin, GIS;
lakes, water surfaces
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AnHoTtamus. MyparaTTelKk Jepektep OoiibiHmia Kaszakcran PecmyOnukacer
aiiMarpiHIa 48 MBIHHAH acTaM YJIKEH JKOHE Killli KeJyiep OpHaJaCKaH JKOHE OJIapblH
afiTapipIKTail 6eiri peciyOIuKaHbIH TPaHCIIEKAPaJIbIK CONTYCTIK OOMIriHe OpHAaCKaH.
JlerenmeH, emiMi3iH KONTEreH KOIACPiHiH JIMMHOJIOTHSIIBIK 3epTTeNyi oIl Ae aici3. byn
eHoekreri 3eprrey NDVI, AWEI, AWEIsh, WRI, NDWI, MNDWI, NDMI, NDTI, NDSI cy
nnaekcrepin Landsat (8,9) sxone Sentinel-2 rapbIIITHIK CypeTTepiHe KOJAAHbLIA OTBIPHIIL,
Ecin cy mapyamsuisirs 0accedHIHACTI Kep YCTi Cy O0BEKTUIEPiH aHBIKTAY YIITIH KYPTi3iIi.
Ocpl 3epTTey OOWBIHIIA KapacThIPBIIFAH KeJAepAe cy OCTiH aHbIKTay YIUiH KOJIAAHBUIFaH
nHaekcrepre kaparanma MNDWI xone AWEI umHaexcrtepi jkakchl HOTHXKE OepeTiHi
AHBIKTAJIJIBI, aJl €H KoJaichl3 mHeKC 00ibim ToMeH HoTmxkeni NDTI Gonabl. BypbiHFBI
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3epTTey Mamimertepae kecerinrenaei, 2013 xbibl Ecin cy mapyanbuibFbl OacceifHiHIe
831 ke GosraH, OHBIH TeK 455 KeuiHiH aymaHbl 1 KM?-IeH acajbl koHe 71 Koyl — aymaaHbl
10 kmM*-71eH ackaH. Op TypJli HHIEKCTEp KOMOMHAIMSCHI HETi3iHae Tanaay OoiibiHima 2023
KBUTBI 3epTTey ayMarbiHaa 770 Ko uIeHTH(GUKAIMSIAH/IbI, OHBIH iMIiH/IC: ayaaHbl 1 KM>-
neH acatbiH 452 ket koHe aynaansl 10 km?-meH acatein 70 ke anbikTamasl. Ocbltaiiinia,
MYpParaTThIK JEPEKTEPMEH CAlIBICTBIPFAH/IA, KBl ayAaHbl | KM>-JIeH acaTbiH Kesuep 149
Keure, an ayanbl 10 kM?-j1eH acaThlH 00bEKTIIEp CaHbl OOMBIHINA 27 KOJIre a3ai/ibl.

Tyiiin ce3aep: cy unnexcrepi, KK3, Ecin cy mapyamsuisik Oacceiini, ['AX, ken-
nep, cy oeri
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AnHoTtauus. [To apXUBHBIM JaHHBIM, Ha TeppuTOpUM KazaxcTtaH HaCUMTHIBAETCS
Oonee 48 THICSY OONBIIUX W MajJbIX 03€p, MX OCHOBHAS YacTh HAXOIHUTCS B CEBEPHOM
gactu pecnyonmku. [Ipm sTom OompmmHCcTBO 03¢p Kazaxcrana mo JHMMHONIOTHYECKUM
rmokaszaTessiM ci1abo m3ydeHo. B aToM mccnenoBaHnu m3ydanach MPUMEHUMOCTH BOJTHBIX
naaexcos: NDVI, AWEL, AWEIsh, WRI, NDWI, MNDWI, NDMI, NDTI, NDSI nmus
CHUMKOB co cmyTHHKOB Landsat (8,9) u Sentinel-2 mo oOHapyXCHHIO MTOBEPXHOCTHBIX
BOJHBIX 00BbEKTOB B EcriibckoM BooxosstiicTBeHHOM Oacceitre (BXb). brimo o6HapyxeHo,
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YTO JUISI BBIACJICHUS BOJIBI HA TECTOBBIX 03€pax AaHHOro uccienoanus nuaekcs MNDWI u
AWEI nonxonst nyuie, yeMm octaibHbie. B To xe Bpems unaekc NDTI nokazan Hauxyamume
pesynbraThl. [lo apxuBHBEIM manHbIM, B 2013 1. B Ecunsckom BXb 6wmio 831 o3epo, u3
KOTOpBIX 455 03ep umerno miomniaas 6osee 1 kM> u 71 03epo ObLIM C TUIOMIAABIO OOJIBIIIE
10 xm?. Ha ocHOBe KOMOWHAIMN Pa3IHYHbIX HHICKCOB Ha Tepputopun Ecuibckoro BXb
3a 2023 rog obHapyxkeno 770 o3epo. [lo aHanmu3y ObII0 OOHAPYIKEHO C TUIOMIAJBI0 OoJiee
1 kM2 452 o3ep u 70 03epo — cBbimie 10 km?. Takum 06pa3oM, 10 CPABHEHHIO C apXUBHBIMU
JaHHBIMH, TPOM30IILIO COKpalieHue Ha 149 o3epo ¢ miomapio cBbimie 1 km? u Ha 27 03ep
¢ romapo 6onee 10 km2.

KamoueBble ciaoBa: BomHbie uHIEKCH, [[33, Ecuibckmii BOI0OX03SHCTBEHHBIN
Oacceiin, ['IC, o3epa, BojiHas TOBEPXHOCTh

Introduction

In modern conditions, considering the growing global shortage of natural water, the
issue of rational use, protection, and restoration of lake resources becomes especially rele-
vant. Inefficient use and improper management of water reserves often lead to the depletion
of water resources and the reduction of the inland lakes area.

Desertification and salinization in arid areas significantly contribute to the reduction
of lake areas. The size of water bodies affects the climate of adjacent regions, influencing air
humidity levels and, consequently, the nature of precipitation in the lake basin.

In Kazakhstan, according to archival data, there are more than 48,000 large and
small lakes, a significant part of which are located in the territory of interest. Kazakhstan
possesses a total of 48,262 lakes, with 45,248 being categorized as small lakes covering an
area less than 1 km?, 296 classified as large lakes spanning over 10 km?, and 21 exceeding
100 km? in size. The latter group represents 60 % of the total water surface area of lakes in
Kazakhstan (Frumin & Krashanovskaya, 2010).

Lake water is used in various industries, but its use is currently not well-organized
(Imanaliyev et al., 2022). Therefore, a comprehensive assessment and inventory of the lake
fund’s current state in Kazakhstan is necessary, using modern methodologies and combining
all available data in a cartographic format.

The limnological study of most lakes in Kazakhstan, their condition, and water
quality and quantity is still quite weak. Studies of the lakes of Kazakhstan, initiated in the
1950s by the Geography Sector of the Academy of Sciences of the Kazakh SSR, were dis-
continued in the 1990s. Thus, there has been a break of more than 25 years in lake monitor-
ing. During this time, due to changes in natural character and anthropogenic factors, many
lakes have changed their hydrological, morphometric, and hydrochemical characteristics
(Yang et al., 2015).

Such alterations in the presence of surface water structures have a profound impact
on both agricultural and industrial productivity (Sharma et al., 2015; Anderson et al., 2012),
in addition to affecting environmental and ecological security (Palmer et al., 2015; Yamaza-
kietal., 2015; Du et al., 2016; Liu et al., 2015).

Data on the lake locations, their volumes, and water quality, as well as conditions
and possibilities for their rational use, are outdated and cannot objectively address water
security issues in the Republic.

Remote sensing is an expeditiously advancing technology that can offer cheap and
dependable information regarding environmental modifications at local, regional, and global
levels due to the prolonged accumulation of repetitive data (Lee et al., 2018). For instance,
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Pekel et al. (2016) utilized all Landsat images to identify alterations in surface water res-
ervoirs over the previous three decades on a worldwide scale. Several techniques for water
extraction have been devised and implemented for images acquired through remote sensing.

McFeeters formulated the most rudimentary spectral index for water detection,
known as the NDWI (McFeeters et al., 1996), by utilizing the green and NIR bands of
the Landsat (TM) image to optimize the identification of water. Furthermore, McFeeters
proposed that setting a threshold of 0 enables the differentiation between water and the sur-
rounding background using NDWI (9).

Xu substituted the NIR band within McFeeters” NDWI with the SWIR band and de-
veloped a modified NDWI (MNDWTI) (Xu et al., 2006). Water distribution in urban regions
was delineated based on the MNDWI index utilizing Landsat (ETM+) imagery, revealing
that MNDWTI outperforms NDWI in discerning water from shadows.

Feyisa et al. (2014) introduced the Automatic Water Extraction Index (AWEI) for
the identification of water bodies, featuring two components: AWEIsh is tailored to elimi-
nate shadow pixels, while AWEInsh is targeted towards regions with urban characteristics.
Furthermore, a multitude of other indices have been developed in various research endeav-
ors for diverse sensors and locations, each exhibiting varying levels of accuracy (Malahlela
et al., 2016; Fisher et al., 2013).

Study area. According to the our country’s Water Code, the basin principle of water
resource management is in effect. There are 8 water management basins: Zhaiyk-Caspian,
Aral-Syr Darya, Tobol-Turgay, Esil, Nura-Sarysu, Chu-Talas, Balkhash-Alakol, and Irtysh.
The water resources within each basin are hydrologically connected, so it is expedient to
consider the water management situation in the country in terms of river basins. The Yesil
Water Basin, located in the northern and central regions of Kazakhstan, covers a vast area
spanning the Akmola, Kostanay, and North Kazakhstan regions (Figure 1). Fed primarily by
the Yesil River, the basin receives its water from numerous significant tributaries originating
in the Kokshetau Hills in the north and the Ulytau Ranges in the south. The region’s largely
flat topography, combined with the presence of various closed basins, creates favorable
conditions for surface water retention and the development of lake reservoirs. The basin
covers an area of approximately 176,000 square kilometers and has experienced declining
water runoff for many years, during which much of the meltwater is used to fill basins and
floodplains in the river channels. As a result, runoff volumes decrease, primarily due to snow
accumulation in the river bed, resulting in a reduction in the area of the active catchment
basin. Such hydrological patterns are usually characterized by dry conditions similar to
those of a desert. Conversely, in years of high water levels, the relief exceeds its capacity,
which facilitates the diversion of water into the main river bed and leads to a significant
expansion of the active area of the catchment basin. The rapid onset of spring facilitates the
unimpeded flow of meltwater into river channels, minimizing water losses and leading to
high floods even with small snow reserves.

This determines the specific hydrological conditions of this region, characterized
by extreme unevenness of runoff both in the long-term perspective and throughout the year.

In the Esil Water Management Basin, there are numerous lakes that are extremely
important in the ecosystem of the region.

The lakes of the Esil Water Management Basin face a range of environmental prob-
lems. Climate change and unsustainable water use contribute to increased salinity and de-
creased water levels in lakes, threatening biodiversity and the sustainability of ecosystems.
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The adverse impact on lake water quality caused by agricultural practices and industrial dis-
charges leads to pollution and further deterioration of plant and animal habitats. Extensive
irrigation methods, leading to decreased water levels in lakes, have a detrimental effect on
the ecological state of these water bodies.

The climate of the Esil Water Management Basin is continental, characterized by
sharp seasonal and daily temperature fluctuations, low precipitation, and significant evap-
oration. Typical January temperatures range from -15 °C to -20 °C. The winter season is
characterized by low temperatures and long snowfalls. The average July temperature ranges
from +18 °C to +22 °C. The summer months are characterized by high temperatures and
dry weather, with occasional precipitation. Annual precipitation ranges from 300 to 400
mm. Snow cover is established in November and lasts until March-April. Snowmelt is
an important source of water replenishment in the spring. Significant daily and seasonal
temperature fluctuations are a characteristic feature of the regionys climate.
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Figure 1 — Esil Water Management Basin (Esil WMB) Territory

The average air humidity throughout the year varies, reaching its lowest values in
the summer and highest in the winter. High evaporation rates, especially in the summer
months, contribute to the drying up of water bodies and decreased groundwater levels.

The climate conditions of the Esil Water Management Basin are the main factors of
the formation and distribution of lakes in the region. Spring flooding, caused by snowmelt,
is the main source of replenishment for rivers and lakes. Summer droughts and high evapo-
ration lead to decreased water levels in water bodies and increased salinity.
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Materials and methodology

The National Aeronautics and Space Administration (NASA, Washington, D.C.,
USA) launched the first Landsat satellite in 1972, and since then we have successfully
launched Landsat 8-9 satellites are equipped with Operational Land Imager (OLI) or
Operational Land Imager-2 (OLI-2) sensors, which increase the spectral resolution of the
TM group by adding deep blue and cirrus bands. We analyzed and downloaded Landsat
images to obtain water data from the website USGS Earthexplorer.

Sentinel-2 MSI images were downloaded from the Copernicus browser website,
which serves as a repository for Earth observation satellite imagery from the European
Space Agency. The image consists of 13 Sentinel-2A spectral bands, each with a different
spatial resolution. Specifically, there are three visible bands and one near-infrared band with
10 m spatial resolution, a quad band dedicated to vegetation analysis, two short-wave near-
infrared bands with 20 m resolution, and three thermal infrared bands with 60 m resolution
. However, this study only focused on the use of blue (10 m), green (10 m), near-infrared
(10 m), and short-wave infrared (20 m) due to their effectiveness in trapping water. data.
We performed spatial sampling to compensate for the 10 m spatial resolution, taking into
account the difference in spatial resolution between the SWIR and green/NIR bands. For the
analysis, satellite images were used from September-October, a period without snow and
when cloudiness did not exceed 10 %.

Data preprocessing stages included cropping of the study area, radiometric
correction, and atmospheric correction. Landsat image values are stored as digital numbers
representing electromagnetic radiation detected by the satellite’s corresponding sensors.
The purpose of radiometric correction is to convert the brightness value of a gray image
into a bright glow of something comparable to the values of images that have undergone
the same level of temporal or sensory correction. Atmospheric correction assumes that
the overall brightness of an object on the ground measured by the sensor is not the true
surface brightness, which includes error in the amount of radiation caused by atmospheric
absorption, especially dispersion. Atmospheric correction is the process of eliminating
errors caused by radiation from weather effects and ensuring the true surface brightness of
objects on the ground.

Methodology of calculation of auxiliary indices.

To develop an algorithm for water surface extraction from LANDSAT (8,9) and
Sentinel-2 satellite data, different spectral indices selected from the analyses of world ex-
perience were tested:

The first step was to calculate the Normalized Difference Vegetation Index to deter-
mine the boundaries of the lake:

NDVI = (NIR — RED)/(NIR + RED)
Landsat = (B5-B4)/(B5+B4) )
Sentinel 2 = (B8-B4)/(B8+B4)

NDVI is defined by values from -1.0 to 1.0; here negative values occur mainly for
clouds, water and snow.

AutomatedWaterExtractionIndex is calculated using the following formula, and
water has a for this index positive value:
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AWEI = 4 * (Green - SWIR2) - (0.25 * NIR + 2.75 * SWIR1)
Landsat = 4*(B3-B7)-(0.25*B5+2.75*B6) )
Sentinel 2= 4*(B3-B12)-(0.25*B8+2.75*B11)

The AWEI (Automated Water Extraction Index) index is specifically designed to
mask non-aquatic pixels in urban environments. It is most effective on images with less than
15 % cloud cover and a modified AWEIsh index, designed to more accurately identify water
in shaded areas and other dark surfaces. However, errors may occur on the classification
screen in areas with highly reflective surfaces such as ice and snow.

AWEIsh = Blue + 2.5 *Green -1.5* (NIR + SWIR1) - 0.25 *SWIR2
Landsat = B2 + 2.5 * B3 - 1.5 * (B5+B6) - 0.25 * B7) 3)
Sentinel 2 = B2 +2.5 * B3 - 1.5 * (B8+B11) - 0.25 * B12

Water Ratio Index (WRI) is used to determine the moisture content of vegetation
and is calculated as follows:

WRI= (GREEN + RED) / (NIR + SWIR2)
Landsat = (B3 + B4)/(B5+B7) (4):
Sentinel 2 = (B3 + B4)/(B8+B12)

In the process of determining the indices, we obtain raster data about the water sur-
face, where the pixel values will be 0 or higher; and values from 1 indicate bodies of water
or objects containing moisture. This approach makes it possible to identify water systems
in the study area.

The Normalized Difference Moisture Index (NDWI) is a relative index used to es-
timate the moisture content of vegetation, particularly in relation to the absorption of solar
radiation. Thanks to its algorithm, this indicator facilitates a qualitative assessment of the
level of humidity in the crown of plants. In contrast to the normalized vegetation index
Differential (NDVI), NDWI index is sensitive to fluctuations in humidity and is also less
sensitive to weather conditions. It is used to determine surface water in wetlands and to
measure the availability of surface water. The typical range for lush vegetation is 0.1 to 0.4.
This indicator is especially useful when the mid-infrared channel is not available.

The NDWI index is calculated as follows:

NDWI = (NIR — SWIR2)/(NIR + SWIR2)
Landsat = (B5 - B7)/(B5 + B7) &)
Sentinel 2 = (B8 - B12)/(B8 + B12)

ModifiedNormalizedDifferenceWaterindex (MNDWI) is used in various situations
to improve the identification and monitoring of water bodies using remote sensing data.
The index provides effective attenuation and eventual elimination of spectral interference
from surfaces, soil and vegetation. It outperforms NDWTI results, especially in scenarios
where the studied coastline is very close to a man-made structure. As a result, determining
the boundaries of water bodies in such cases provides higher accuracy without taking into
account negative factors that interfere with work. MNDW!I is particularly useful for accu-
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rately identifying water bodies in the context of landscape and plant systems. His formula:

MNDWI = (Green - SWIR2) / (Green + SWIR2)
Landsat = (B3 - B7)/(B3 + B7) (6)
Sentinel 2 = (B3 - B12)/(B3 + B12)

The Normalized Differential Moisture Index (NDMI) is designed to monitor drought
conditions and estimate fuel moisture content in wildfire-prone areas. The use of near-in-
frared (NIR) and short-wave infrared (SWIR) spectral bands provides connectivity while
reducing the effects of interference and weather conditions, and improves the display of
humidity levels using near-infrared (NIR) and short-wave bands. Spectral bands of infrared
waves (SWIR), which are assigned a positive numerical value to the water content and mea-
sured using a special mathematical expression:

NDMI = (NIR — SWIR 1)/(NIR + SWIR 1)
Landsat = (B5 - B6)/(B5 + B6) @)
Sentinel 2 = (B8 - B11)/(B8 + B11)

Standard algorithm (NDTI): index based on water turbidity. This indicator charac-
terizes a decrease in water transparency due to impurities of inorganic and organic substanc-
es in suspension, as well as the development of plankton in the lake.

NDTI is calculated:

NDTI = (RED-GREEN)/(RED+GREEN)
Landsat = (B4 - B3)/(B4 + B3) ®)
Sentinel 2 = (B4 - B3)/(B4 + B3)

This index is suitable for identifying objects with actual humidity. To calculate the
NDVI and NDTTI indices, the characteristic quality of vegetation is determined; This demon-
strates a pattern: the higher the NDVI, the greater the NDTI. The indices are useful for
drought forecasting.

The Standardized Difference Snow Index (NDSI) was developed to detect the neu-
tral layer of snow in clouds in Landsat TM images (bands 2 and 5). The index serves to
reduce the impact of atmospheric conditions. In the case of snow, the NDSI value is usually
greater than 0.4 and its calculation is based on:

NDSI = (GREEN — SWIRI1) / (GREEN + SWIR1)
Landsat = (B3 - B6)/(B3 + B6) )
Sentinel 2 = (B3 - B11)/(B3 + B11)

The brightness of the snow layer makes it difficult to distinguish snow from clouds
in images. Snow not only reflects light well in the visible part of the electromagnetic spec-
trum, but also absorbs it well in the near-infrared and short-wave parts of the spectrum.
When exposed to solar radiation with a wavelength of 1.6 microns, snow becomes darker
in color than clouds.

Results and discussion
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The study evaluates the performance of water-dominated indices: NDVI, AWEI,
AWEISH, WRI, NDWI, MNDWI, NDMI, NDTI, Landsat (8.9) NDSI satellite imagery and
Sentinel-2 for the Vesil Basin . The analysis includes an examination of standards and ideal
thresholds for defining surface waters specific to grasslands and forests. In conclusion, we
implemented and evaluated a new approach that integrates indices and cross-sections of a
study area as a function of elevation to improve the detection of surface water across the

entire area. Figures 2 and 3 show an example of the results of calculating various water
surface indices.

Sentinel-2 image for October 19, 2023 PlanetScope image for October NDVI Index
27,2023.

NDWTI Index MNDWTI Index NDMI Index
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NDTI Index NDSI Index

Figure 2 — Calculation of different water surface definition indices at Lake Kishi Karaoi
The study found that MNDWI and AWEI were better at identifying the water
surface, while NDTI performed poorest results.

Sentinel-2 image for October 19 PlanetScope image for October NDVI Index
2023 ’ 27,2023.

5. il

AWEIsh Index WRI Index

AWEI Index
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NDTI Index NDSI Index

Figure 3 — Calculation of different indices of water surface definition at Lake Qalibek

Each of these indices has its own advantages and disadvantages. Using the NDVI
index, you can clearly identify an area with cloudless, clear water that contrasts well with
the background of clouds, ice and snow. This index typically identifies water, very wet
soil, recently burned areas, and cloud shadows. The water surface with shallow water and
vegetation is little differentiated. NDSI is mostly fully developed in winter or early spring,
but is also useful for eliminating water surface class cloud shadows during snow-free periods.

Using archival data, the Esil Basin was found to have 9,812 lakes (Filonets et al.,
1974), with 601 lakes larger than 1 km? and 97 lakes larger than 10 km?. Satellite data
processing in 2013 identified 831 lakes in the Esil Basin, with 455 lakes larger than 1 km?
and 71 lakes larger than 10 km?. Analysis in 2023 identified 770 lakes, with 452 lakes larger
than 1 km? and 70 lakes larger than 10 km?. This represents a reduction of 149 lakes larger
than 1 km? and 27 lakes larger than 10 km? compared to archival data.

As aresult of a study in which all the indices discussed above were used, according
to the file, there are 9812 lakes in the Esil WMB (Filonets et al., 1974), of which 601 have
an area of 1 km?* and the surface area of 97 lakes is more than 10 km? According to the
processing of satellite data, in 2013, 831 lakes were digitized in the Esil WMB, of which
only 455 have a mirror area of more than 1 km? and 71 of which have a mirror area of more
than 10 km?. According to an analysis based on various indicators, in 2023, 770 lakes were
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discovered on the territory of the Esil naval base, of which only 452 have a surface area of
more than 1 km?, and the surface of 70 lakes. Thus, according to the data of the array, there
are 149 lakes with a surface area of more than 1 km?, and there has been a decrease in 27
lakes with a surface area of more than 10 km?.

The number of small lakes (up to 1 km?) is variable for the lowland regions of
central, western and northern Kazakhstan, depending on the annual humidity in a particular
region. The number of lakes in river deltas also varies.

The methodology was based on methods used to solve similar problems around the
world. Numerous authors ( Pekel et al., 2016 ) have used satellite and multispectral data
to detect and monitor changes in water bodies, demonstrating the successful use of remote
sensing in water resource management. The study was carried out using satellite altimetry,
but the accuracy of the measurements depends on the size of the reservoir, surrounding
topography, surface waves and winter ice cover. This method has performed poorly in most
lakes larger than 10 km? (Busker, 2019; Smith et al., 2015).

Conclusion

This study examined the applicability of Landsat (8,9) and Sentinel-2 image indices
to detect surface water bodies in steppe and forested areas using different water levels and
compared the results.

By comparing the results of different water release rates under different conditions,
we found that MNDWI and AWEI performed better than others in terms of water release,
while NDTI performed worse in the two lakes presented in this study. The results also show
that Landsat imagery (8,9) in combination with data from other Landsat sensors and other
medium-resolution satellites generally allows for the study of changes in water regimes over
long periods of time.

According to the results, it was revealed that the number of lakes from 1 to 10
km? varies quite a bit from year to year. Given the aridity of the study area, the response
to climate change was observed mainly in lakes of small area. Warming will lead not only
to an increase in air temperature, but also in the temperature of surface waters, which will
increase the flow of moisture from the surface of the lake into the atmosphere. Analysis of
the results confirms the high degree of variability of surface waters; This does not allow us
to accurately define a group of lakes classified by surface.

This data set of lake volumes helps improve our current understanding of lake be-
havior, their representation in hydrologic models, and hence river basin modeling. It will
also improve projections of river basin development in terms of climate change under differ-
ent management scenarios and improve estimates of evaporation from open water bodies.

The Esil water management basin plays an important role in providing water and
protecting the region’s ecosystems. The lakes of the basin are important natural objects that
require constant care and protection. Joint efforts by the state, the scientific community and
the public can help protect and restore these unique water bodies, ensuring sustainable de-
velopment and environmental stability.
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