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MOJAE/IMPOBAHHUE U3BMEHEHHUA OB BEMA BO/Ibl O3EPA AJIAKOJIb C IPUMEHEHUEM
MOJIMHOMMAJ/IbHOM PETPECCUM

Annomayus

MOHUTOPUHT YpOBHA U 00BbEMa BOJIBI TIOMOTAET OOHAPYKUTh BOZMOKHBIE U3MEHEHHSI B pacXoJie BOJbI, a
TaKXKe YBEIMYCHUW WM YMEHBIICHHH YPOBHS 00beMa BOJBI, YTO MOXKET yKa3blBaTh HAa W3MEHEHHE IyTH
TEUEHUs] WK IPeyNpeKAaTh O MOTEHIIMATBHOM 3aTOIUIEHUH Ha YPOBHE MOBEPXHOCTH. B nanHoii pabote amst
MOJYYEHHUs] JaHHBIX 00 YpPOBHE M IUIOLIAAM BOABI O3€pa AJIAKONb MBI HCIOJIB30BAJH CITyTHUKOBYIO
aNbTUMETPUIO U OINTHYECKOE NMCTAaHIIMOHHOE 30HAupoBaHue. [liomiane BOABI paccuUTald C MOMOUIBIO
METOAa HOPMAaIM30BAaHHOTO Pa3HOCTHOIO BOJHOTIO MHAEKCA C MCIONb30BaHHEM psaa aaHHbIX Sentinel-2. C
cepBuca Hydroweb momy4yensl nanabie 00 ypOBHE BOABI M Aajie€ MCIIOJIB30BAIM MOJAEIH IMOJTUHOMHAILHOM
perpeccun A ONpeAeNieHus IUIoMIanyd BOJABL. Ty € PErpecCHOHHYI0 MOJETb MBI HCIOJB3yeM s
npeoOpa3oBaHus IUIOIIAAN BOJBI, PACCUUTAHHYIO C MCIOJIB30BaHHEM AaHHBIX Sentinel-2, B ypoBeHb BOJIBI.
Haxonen, n3menenus o0beMa BOJbI paccuuThIBaeM 1o Gopmyne I'epora. AHaIM3 MOyYeHHBIX Pe3yIbTaTOB
MOKa3bIBACT CE30HHYIO KOPPEJALHUI0 HM3MEHEHHH YPOBHS BOABI M OObeMa BOAbI. VHTEpHoaupoBaHHBII
YPOBEHB BOJIbI, paCCUYMTaHHBII C TOMOIIbI0 JaHHBIX Hydroweb, mokaspiBaeT xopoliiee COBIaJeHUE C ypOBHEM
BOJIBI, PACCUMTAHHBIM 110 TaHHBIM Sentinel-2, ¢ koahdunmenTom xoppensun pasHsM 0,78.

KiroueBble ciioBa: 03epo Ajnakoib, MOJIMHOMHUAIbHAs pErpeccusi, CIyTHUKOBas aJIbTUMETpPHS,
OINITHYECKOE JUCTAHIIMOHHOE 30HIUPOBAHME, HOPMAaIM30BaHHBIM pa3HOCTHBIM wHIEKC Boabl (NDWI),
Hydroweb.
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NOJUHOMMSIIBIK PETPECCHS APKbLJIbI AJIAKOJI KOJIHAEI'T CY KOJIEMIHIH
O3I'EPICIH MOAEJIBAEY

Anoamna

CynpiH AeHreili MeH KeJieMiH OakbplUiay Cy HIBIFBIHBIHIAFBI BIKTHMAJ ©3TepiCTepi KoHe Cy JeHrediHiH
KOFapbUIaybIH HEMECe a3al0blH aHBIKTayFa KOMEKTeCe i, COHBIMEH KaTap aFbIH KOJIBIHBIH ©3repyiH HeMece
xep OETIHZETI Cy TaCKBIHBI TYpajbl iepeKTepal 6epyi MyMKiH. Byt skymbIcTa Anakes KeJiHiH Cy JIeHreii MeH
ayJmaHbl Typallbl MOJIMETTepHi aixy YIIiH 0i3 CIyTHUKTIK albTUMETPUS MEH OINTHKAJBIK KAIIBIKTHIKTAH
3oHATayAbl  KoumaHnablk. CynelH — ayaaHbiH — Sentinel-2  nepekTepiH  KOJJaHa  OTBIPBIN,  CYIbIH
HOpMaJIaHFaH albIPBIMJIBIK HHICKCI o1iciMeH ecenteaik. Hydroweb KpI3MeTiHEH Cy JICHI el Typalibl IepeKTep
QJIBIHBIN, apbl Kapail CyIblH ayAaHblH aHBIKTAY YIIiH MOJIMHOMUSUIBIK PETPECCHs MOJIEINIH KOJAnaHABbIK. Jlam
ocel perpeccust MonemiH Sentinel-2 nepexTepiHiH KOMETIMEH eceNnTeNreH Cy ayJaHblH cy JeHreiine
TYpJCHAIPY YIIiH nainananamei3. EH cOHbIHMA, CY KeneMiHiH e3repyiH ['epoH GopMynackIMeH ecenTenmis.
AJNBIHFaH HOTWKENEPAiH Tanjaybl Cy JeHreili MeH Cy KOeJeMiHIH apachlHJarbl MayCBIMJIBIK ©3repy
KoppensuackiH kepcerti. Hydroweb nepekrepi apKbUIbl ecenTeNreH WHTEPHOJSILUSUIAHFAH Cy JeHreii
Sentinel-2 nepexTepi apKbUIBI eCENTENTEH Cy AEHreliMeH Koppemsaust kodddumuenti 0,78-re TeH *KaKChl
COMKECTIKTI KOPCETTI.

Tyiiin ce3mep: Anaken Keji, NOJMHOMMSJIBIK perpeccusi, albTUMETPUSUIBIK JiepekTtep, Kepai
KAIIBIKTBIKTAH 30H/ITaY, CYABIH HOpMalaHFaH aibipeiMabIK uHIekci (NDWI), Hydroweb.
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MODELING THE CHANGE OF WATER VOLUME IN ALAKOL LAKE THROUGH
POLYNOMIAL REGRESSION

Abstract

Water level and water volume monitoring can help identify possible changes of water flow, as well as water
volume changes, which can suggest alteration of waterway flow and potential surface level flooding. In this
work, we used satellite altimetry and optical remote sensing to obtain data on the water level and area of Lake
Alakol. Water area was calculated using the normalized difference water index method using the Sentinel-2
data series. Water level data was obtained from the Hydroweb service and a polynomial regression model was
then used to determine the water area. We use the same regression model to convert water area calculated
using Sentinel-2 data to water level. Finally, we calculate changes in water volume using Heron’s formula.
Analysis of the results obtained shows a seasonal correlation between changes in water level and water volume.
The interpolated water level calculated using Hydroweb data shows good agreement with the water level
calculated from Sentinel-2 data, with a correlation coefficient of 0.78.

Keywords: Alakol lake, polynomial regression, satellite altimetry, optical remote sensing, Normalized
Difference Water Index (NDWI), Hydroweb.

1 Bgeaenmue

O3epa ABISAIOTCS OJHUM U3 IVIABHBIX MCTOYHUKOB MPECHOM BOJbl. OHM MOKPBIBAIOT OKOJI0 87%
MHUPOBBIX BHYTPEHHUX BOjA. M3MeHeHue oObema BOABI B 03epax obecrneunBaeT MHGOpMAIUEH O
KIIMMaTHYEeCKUX M3MEHEHHUAX M BOAHBIX pecypcax. [nst koHTposnsi o0beMa BHYTPEHHUX BOJOEMOB
O0BEIMHSIEM ONTUYECKOE IUCTAHIIMOHHOE 30HIUPOBAHWE W JAHHBIC CITYTHHKOBOW aJbTUMETPUU
[1,2]. ChoyraukoBas ambTHMETPHs ¥ ONTHYECKOE 30HIMUPOBAHHE — 93TO JIBE TEXHUKH
JUCTAHIIMOHHOTO 30HIUPOBAHUS, KOTOPHIE MOTYT IMPEIOCTABUTH MapaMeTPbl, HEOOXOIUMBIC IS
OLICHKM HM3MeHeHHi oObeMa Boabl [3]. OmnTuueckoe 30HIUPOBAHUE 3aXBaThIBAET H300paXKECHHS
MOBEPXHOCTH 3EMJIM C TIOMOIIBIO JATYUKOB, KOTOPhIC OOHAPYKHBAIOT BHIUMBIA WA ONMKHUN
uHppakpacHblii cBeT. [IpumeHsiss TeXHUKH OOpabOTKM H300pakeHUH, TaKWe Kak IMOpOroBas
00paboTKa, CerMEHTalMsl W KIacCHU(PUKAIMSA, MOXHO H3BJI€Yb IUIONIAJb TMOBEPXHOCTH BOJBI W3
ONTUYECKUX N300pakeHni. CIIyTHUKOBAs allbTUMETPUS U3MEPSET PACCTOSHUE MEXKY CTYTHUKOM U
MOBEPXHOCTHIO 3eMJIM C TIOMOIIBIO pajiapa WK Jia3epHOro Jiyda. CyTHUKOBBIE albTUMETPBI MOTYT
M3MEPSTH BHICOTY IOBEPXHOCTH BObI OTHOCUTENBHO 3TAIIOHHOTO AJUIMIICOM/IA WU reon1a. Berunras
BBICOTY MTOBEPXHOCTH 36MJIM U3 BBICOTHI TOBEPXHOCTH BOJIbI, MOKHO TIOJIYYUTh YPOBEHB BOBI [4].

MHorue wuccineaoBaTed  HUCIHOJNb30BAJIM  ONTUYECKOE 30HAMPOBAHME U CIIYTHUKOBYIO
ATBTUMETPHIO JIJI OIICHKU U3MEHEeHUH o0bema Boibl. Hampumep, aBTopbl padoTsl [3] ucnoib30Basin
nanasie MODIS u nanubie anbTuMeTpun Jason-1/-2/-3 11t ONEHKH M aHAIN3a W3MEHEHUH 00bemMa
BoJbI 03epa Buktopus B Adpuke ¢ 2003 mo 2017 roa. MccnenoBarenu paboTsl [5] ucnoap30Bain
nannble Landsat u manHble anpTMeTpuu Envisat/Cryosat-2 st OLIGHKH M aHalW3a MU3MEHEHHA
oObema Bozabl 28 o3ep u BopoxpaHwuil B Texace ¢ 2003 mo 2016 rox. ABropsl cratbu [6]
ucnons3oBanu nanueie Landsat u nanneie anpTumerpuun TOPEX/Poseidon A olieHKH U aHanmm3a
n3MeHeHu oobema Boabl o3epa Haccep B Erumrte ¢ 1992 mo 2002 roa. B kauectBe obmactu
HCCIeIoBaHMsI MbI BEIOpanu o3epo Anakois (puc. 1).

2 MaTtepuaJjbl 1 MeTO/AbI

O3epo Anakosib — OAHO W3 KPYMHEHIIMX T'HMAPOJIOTHYECKH 3aKPBITBIX 03€p, PACIOJIOKEHHBIX B
peunoM Oacceiine banxami-Anakonp Ha toro-soctoke Kazaxcrana. O3epo nepuoIuueck mojyyaer
BOJy M3 HECKOJBKUX pPy4beB, TeKymux c rop TapOarataii. Bo BpeMsi Ce30HHBIX HABOJHECHHA
M3JIMIIHSS BOJA CTEKaeT U3 o3epa JKalaHamkoib B 03epo Anakois 1o 10-KMIoMETpOBOMY IIPOTOKY
3aman-Otkens. [lnomane moBepxHocTH o3epa cocraBisier 3033 kBagpaTtHbIX Kriiomerpa. OHO
JOCTUraeT TIIyOMHBI OKOJO 54 METpOB Ha CBOEH MaKCUMaJIbHOW TIiIyOuHE, 00BbeM MaccChl BOJBI

102




Ab6aiti amoinoasvl Kaz¥I1V-niyy XABAPIIBICHI, « Quszuka-mamemamura evlivimoapsly cepuscol, Ne4(84), 2023

cocraBisieT 64,517 MuUTHOH KyOnueckux KuiomeTpoB [7]. B Tabmune 1 MOXXHO 03HAaKOMHUTBCS C
MOP(OJIOTHUECKUMH XapaKTEPUCTHKAMK 03epa AJIaKOJIb.

26.10.2023 @ . 1:800,000 q
0 s 1 20 K

Pucynox 1. Ozepo Anaxonw (Earthstar Geographics)

Tabauya 1. Mopgomempuueckue xapakmepucmuxu ozepa Anaxonw

ITnowaos, kKM? 3033.2
Jlnuna, kM 104
Hlupuna, kM 53.5
O6vem maccwl 600w, MIH. M3 64,517
Jlnuna bepezosoil tuHuU, KM 517.5
Yposenv 600vl, M 351.1

Takum oOpaszoMm, s Oonee 3(pPEeKTHUBHOTO HCHOIB30BAHUS CIIYTHUKOBOW QJIbTUMETPHUHM U
OTITUYECKUX M300pakeHU, B ’TOM HCCIEOBAHUU MBI MCIIOJIb3YeM MOJIETbh OTHOIICHUH IJIOIa N
BoAbI (nanee WA) k ypoBHIO Bofbl (aree WL). DTo moMOKeT yBeTMUUTh KOJTUYECTBO JaHHBIX IS
oovema Bojawl (mamee WV) mis Oojee KadyeCTBEHHOrO MPOTHO3a W aHanmu3a. J[iIs 3TOoro Mbl
UCIIONIb3YEM  JIaHHbIE  aJbTUMETPUHU,  TPEAOCTaBICHHbIE  (PPAHIy3CKUM  CIYTHUKOBBIM
MOHUTOPUHTOBBIM areHTcTBOM Hydroweb (Theia) [8, 9], a Takke perpecCHOHHYIO MOJIEIb BTOPOTO
MopsiiKa, KOTOPYIO MBI UCIIOJIb3YeM JUIsl BOCCTaHOBIIEHUS Bced WA (1 Ha000poT) U3 M300paxKeHuH,
MOKPHITHIX oOakamu. Hroke mpuBeaemM anroputM IeWCTBUI B JaHHOU padoTe (puc. 2).

Jlns naneHeimeil paboTel MBI UCTIOIB3yeM ONTUYECKHE CHUMKH, MoJydyeHHbIe ¢ Sentinel-2 u Ha
UX OcHOBE 10 opmyrie (1) HaxoaMM HOPMaJTU30BaHHBINA Pa3HOCTHBIN MHEKC Boasl NDWI [10, 11],
KOTODBIH NpenocTaBisieT JanHble WA

Green—NIR (1)
Green+NIR’

NDWI =

rne Green — Bunumblid 3enenbiil, NIR — Omxauii nHdpakpacusiii. NDWI (Normalized Difference
Water Index) ucronp3yercs anst 3((GEKTHBHOTO ONpEETCHUsI COAEPKAHUS BJIATH M BBIICICHUS
BOJIOEMOB Ha CIIyTHUKOBOM CHHUMKE Ha (pOHE MMOUBBI U paCTUTEIHHOCTH.
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Taxxe, OH mnpuUMeHseTCa s OOHApY)KEHHsT W MOHUTOPUHTA MANCHUIIUX HW3MEHEHUH B
COJIep’)KaHUU BOJHBIX 00bekTOB. 3HaueHuss NDWI wuHzaekca COOTBETCTBYIOT —CEAYIOLIMM
nuanazonam: 0.2—1 — moBepxHocTh Bojbl; 0.0-0.2 — 3aTomnenue, BinaxHocTh; -0.3-0.0 — ymepennas
3acyxa, HeBOJIHbIE TIOBEpXHOCTH; -1— -0.3 — 3acyxa, HEeBOIHbIE TOBEPXHOCTH.

Hanee o0benunsst nanusie WA, nonydennsie ¢ Hydroweb u ¢popmynst (1), Mbl paccuuTbiBaeM
n3meHenue WV.

3 Pe3yabTaTsl U 00CykKIeHHE

Jlist mosTy4eHus pe3ysibTaTa ObUIM IPOJIEaHbl CIeyONe JeCTBUSA:

1. C nomomero Sentinel Hub ans uccnemyemoit obmactu (03epo AJlakolib) MPOU3BEACH MOUCK
OTKPBITBIX CIIYTHMKOBBIX CHUMKOB Ha cepBuce EO Browser [12]. BriOupaem 6e300saunble
n300pakeHUsl 03epa W CKauyMBaeM HUX. BBISABIEHO, UTO BCEr0 COBMAJAIOLIUX JAaHHBIX IO JaTe ¢
JTAHHBIMU QJIbTUMETPHH 5.

2. BpImensnokeHHbIE JCWCTBUS B IYHKTE | TOBTOpSieM C KOCMHYECKHMH CHHUMKAaMH CO
cnyTHukoB Landsat 4-5 u Landsat 8, kotopsie 6111 ckauansl ¢ cepsuca USGS Earth Explorer [13].
Oxka3anoch, YTO BCEro COBMAIAIOIIUX JAHHBIX 10 JaTe C JaHHBIMH aJbTUMETPUH 5.

3. Ilocne cbopa maHHBIX oOpabaTbiBaeM CHHMMKHM B MporpaMMmHoM obOecniedenun ArcGIS.
Ucnone3ys kananel B3 (Green) m B8 (NIR, B5 nmns Landsat) mo ¢opmyne (1) Haxomum
HOPMAaJIM30BaHHbBIA Pa3HOCTHBIN UHIEKC BoAbl NDWI.

4. 3arem B mporpaMMHoM oOecrnieueHun ArcGIS co3gaem HOBBIN Ci10M, U3BJIEKas BCE MUKCEIH,
3HAa4YeHHUs1 KOTOPBIX OoJblIe TM00 paBHO HYI0. JTO JaeT HAM MUKCENIN BOJIBI.

5. [lanee ucmons3yeM WHCTpYMeHT «M3Bieubr mo macke» i QUIbTpAUH IO e -hanmy
AJnaKoJb, TO €CTh OCTaBJIsIEM TOJIBKO HY>KHYIO HaM HCCIeyeMyto 00J1acThb.

6. ITo dpopmyie (2) paccuntpiBaem WA:

PixelsxResolution

WA = : 2)

1000000

rne Pixels - HauMmeHbllass eAMHUIIA PACTpoBOro u3oOpaxkeHus, Resolution - BenuuuHa,
OIIpeIeIIAONIas YeTKOCTh JIeTalleil pacTpOBOr0 N300pakeHusl.
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7. 3arem ckauuBaeM JaHHbIe anbTUMeTpHH U3 apxua HydroWeb. HydroWeb cobupaer 3nauenmust
WL co cniyraukoB Saral, Envisat, Cryosat2, Sentinel3A, Sentinel3B. 3arem oH HCITIOIB3yeT MOJIEb
Jutst moirydenust 3HaueHut WA (puc. 3), rne WA paBHa nonuHomuanbHou perpeccun WL.
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Pucynox 3. 3nauenus WA, nonyuennsie ¢ HydroWeb

8. Jlanee ananmu3upyem, U3MEHSIOTCS Jii 3HaYeHuss WA, nonydennbie ¢ Sentinel n Landsat Tak
xe, kak WA, normydennsie ¢ HydroWeb [14, 15].
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Pucynox 4. Hsmenenue snauenuit WA Sentinel-HydroWeb u WA Landsat- HydroWeb.

Kak BumuM, Ha pucyHke 4 y Sentinel-2 xoppensuus R? = 0.83, uTo 03HaYaeT 0YeHb XOPOIUIYIO
cBs13b (<0.3 — moutu HeT cBs3u, 0.3-0.5 — cnabas cBsi3p, 0.5-0.7 — qocTaTouHO XOpoOIIas CBs3b, >(.7
— CUJIbHAs CBA3b).

9. Ecnmn kakoi-mubo W3 pe3ylbTaToB HMMEET XOPOIIYI KOPPENALHI0o, TOTJa Jajibllie MBI
kanopyem WA, utoOsl oH coorBercTBOoBaT WA HydroWeb, u oTobpaskaem JaHHbIE BO BPEMEHH,
4YTOOBl YBHUJETh, COBMAJNAIOT JIM M3MEHEHHs IUloumaau Bojbl. Kak Mbl BUAMM, Ha pHUCYHKE 5
n300pakeHbl TOUKH JJAHHBIX 00€MX METO/10B, KOTOPbIE XOPOIIO JOMOIHIIOT JPYT Apyra.

10. 3arem, mcronb3ys BeIpakeHHe WA paBHa TOJIMHOMHAIBHON perpeccmn WL, Haxomum
snaueHust WL Sentinel (puc. 6).

11. Haxkownern, HaxoauMm WV u3 Bcex cOOpaHHBIX JIaHHBIX B co31aeM rpaduk usmeHeHuss WV 1o
BpeMeHHU (pHc. 7), UCronb3ys popmyiy:

av ="t 14, + AR, (3)

rae AV — u3Mmenenue o0bema BOJIbI IO BpeMeHH, L, — ypoBEeHb BOJIbI PU HAa4YaJbHOU nate, L —
YPOBEHB BOJBI ITPU MOCIEAYIONINX J1aTax, A, — IUIONIaJb BOJBI IPU HAYAJIbHOM Aate, A, — miomaip
BOJIbI TPU MOCJIEAYIONMX aaTax. Bce m3MeHeHuss o0bemMa BOABI HAXOJUM OTHOCHUTENIBHO IEPBOrO
TTHSL.
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Pucynox 7. Hamenenue WV no epemenu

12.  JIns mpoBepKH MPaBUIBLHOCTH Pe3y/IbTaTOB aHaIM3a Mbl HHTepromupyeM WL HydroWeb,
9TOOBI 3aMOJHUTE CTPOKU NA (OTCyTCTBYIOIIME 1aHHBIE), cooTBeTcTBYOmUE Sentinel WL (puc. 8).
B urtore, MBI OTydaeM XOpOIIyI0 Koppeasanmio R?= 0.61 ¢ ko3 pUIHeRTOM KOppensIuy paBHEIM
0.78. ITomydeHHBIN pe3ynbTaT O3HAYAET, UTO MOKHO HCIIOJIb30BaTh CHUMKH Sentinel B coueTanuu ¢
nanabiMu anbTUMeTpur HydroWeb u moaensio HydroWeb mist moruTopunTra o3ep.
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Pucynox 8. Pezynomam unmepnonayuu WL HydroWeb

4 3akjiouyeHue

I/ICHOHB?;y}I OIITUYCCKOC OUCTAHIIMOHHOC SOHIII/IPOBaHI/Ie nu CHYTHI/IKOByIO aJH)TI/IMeTpI/IIO, MBI
3aMeyacM CE30HHbIC M3MEHEHHUs o0beMa BOJBI B 03epe AJjakoib. Pe3ynbTarhl MOATBEPIKICHBI
MHTEPIOJSIIMEN OTCYTCTBYIOIIMX 3HAYEHUH JaHHBIX 00 ypOBHE BObI, osiyueHHbIX ¢ Hydroweb,
KOTOpBIE ITIOKa3bIBAIOT XOPOIIYI Koppeisimio R? paBHyo 0.61. DTOT IOAXOX MOXET ObITh
MCIIOJIb30BaH IS U3YYCHHS JTF00O0TO BOIOEMA C U3BECTHON MaTeMaTUYCCKOW 3aBUCUMOCTHIO MEKIY
YPOBHEM H ILJIOMIAIbIO BOJIBI.

Paboma evinonnena npu ¢unancogol noooepiicke Komumema nayku MOH PK No AP14871838 —
«Hccnedosanue 601H08020 Kaumama 6000emoe Kazaxcmana ¢ npumenenuem OAHHBIX CHYMHUKOBOLU
ATLMUMEmpPUU»

Cnucok ucnoib308aHHOU /lumepamypbz:

1 International Altimetry Team. Altimetry for the future: Building on 25 years of progress // Advances
in Space Research. — 2021. — Vol. 68, Issue 2. — pp. 319-363. https://doi.org/10.1016/j.asr.2021.01.022

2 A. Mustafa, W.A. Qazi. Using optical remote sensing and radar altimeter data for lake volume
estimation of Manchar Lake, Pakistan / Seventh International Conference on Aerospace Science and
Engineering (ICASE), Islamabad, Pakistan. — 2021. — pp. 1-4. doi: 10.1109/ICASE54940.2021.9904130

3 Y. Lin, X. Li, T. Zhang, N. Chao, J. Yu, J. Cai, N. Sneeuw. Water volume variations estimation and
analysis using multisource satellite data: A case study of lake Victoria // Remote Sensing. — 2020. — Vol. 12,
Issue 18, article number: 3052. — pp. 1-21. https://doi.org/10.3390/rs12183052

4 X. Deng. (2016). Satellite altimetry // Encyclopedia of Geodesy. — 2016. — pp. 1-5.
https://doi.org/10.1007/978-3-319-02370-0_58-1

5 C. Schwatke, D. Dettmering, F. Seitz. Volume variations of small inland water bodies from a
combination of satellite altimetry and optical imagery // Remote Sensing. — 2020. — Vol. 12, Issue 10, article
number: 1606. — pp. 1-32. https://doi.org/10.3390/rs12101606

6 H.M. Ebaid, M. Aziz. Integrating radar altimeters and optical imagery data for estimating water
volume variations in lakes and reservoirs (case study: lake Nasser) // Journal of Geographic Information
System. — 2017. — Vol. 9, Issue 6. — pp. 648-662. https://doi.org/10.4236/jgis.2017.96041

7 A Valeyev, M. Karatayev, A. Abitbayeva, S. Uxukbayeva, A. Bektursynova, Z. Sharapkhanova.
Monitoring coastline dynamics of Alakol lake in Kazakhstan using remote sensing data // Geosciences. —
2019. —Vol. 9, Issue 9, article number: 404. — pp. 1-10. https://doi.org/10.3390/geosciences9090404

8  https://hydroweb.theia-land.fr/ [Onexmponnwiii pecypc] (dama obpawenus: 02.07.2023).

9  Theia/Hydroweb. Hydroweb product user manual. — 2021. [Orexmponnsiit pecypc] https://www.theia-
land.fr/wp-content/uploads/2021/06/Handbook Hydroweb-V2.1.pdf (0ama obpawenus: 10.07.2023).

10 B. Gao. NDWI — A normalized difference water index for remote sensing of vegetation liquid water
from space // Remote Sensing of Environment. — 1996. — Vol. 58, Issue 3. — pp. 257-266.
https://doi.org/10.1016/S0034-4257(96)00067-3

107


https://doi.org/10.1016/j.asr.2021.01.022
https://doi.org/10.3390/rs12183052
https://doi.org/10.1007/978-3-319-02370-0_58-1
https://doi.org/10.3390/rs12101606
https://doi.org/10.4236/jgis.2017.96041
https://doi.org/10.3390/geosciences9090404
https://hydroweb.theia-land.fr/
https://www.theia-land.fr/wp-content/uploads/2021/06/Handbook_Hydroweb-V2.1.pdf
https://www.theia-land.fr/wp-content/uploads/2021/06/Handbook_Hydroweb-V2.1.pdf
https://doi.org/10.1016/S0034-4257(96)00067-3

BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ned(84), 2023 2.

11 U.Bhangale, S. More, T. Shaikh, S. Patil, N. More. Analysis of surface water resources using Sentinel-
2 imagery // Procedia Computer Science. - 2020. - Vol. 171. - pp. 2645-2654.
https://doi.org/10.1016/j.procs.2020.04.287

12 https://apps.sentinel-hub.com/eo-browser [Drexmponnsiii pecypc] (0ama obpawenus. 25.06.2023).

13 https://earthexplorer.usgs.gov/ [Drexmpounsiii pecypc] (0ama oopawenus: 26.06.2023).

14 Ch.-M. Lee, Ch.-Y. Kuo, Ch.-H. Yang, H.-Ch. Kao, K.-H. Tseng, W.-H. Lan. Assessment of
hydrological changes in inland water body using satellite altimetry and Landsat imagery: A case study on
Tsengwen Reservoir // Journal of Hydrology: Regional Studies. — 2022. — Vol. 44. — pp. 1-14.
https://doi.org/10.1016/j.ejrh.2022.101227

15 J.-F. Cretaux, W. Jelinski, S. Calmant, et al. SOLS: A lake database to monitor in the Near Real Time
water level and storage variations from remote sensing data // Advances in Space Research. — 2011. — Vol. 47.
— pp. 1497-1507.

References:

1 International Altimetry Team. Altimetry for the future: Building on 25 years of progress // Advances
in Space Research. — 2021. — Vol. 68, Issue 2. — pp. 319-363. https://doi.org/10.1016/j.asr.2021.01.022

2 A Mustafa, W.A. Qazi. Using optical remote sensing and radar altimeter data for lake volume
estimation of Manchar Lake, Pakistan / Seventh International Conference on Aerospace Science and
Engineering (ICASE), Islamabad, Pakistan. — 2021. — pp. 1-4. doi: 10.1109/ICASE54940.2021.9904130

3 Y. Lin, X. Li, T. Zhang, N. Chao, J. Yu, J. Cai, N. Sneeuw. Water volume variations estimation and
analysis using multisource satellite data: A case study of lake Victoria // Remote Sensing. — 2020. — Vol. 12,
Issue 18, article number: 3052. — pp. 1-21. https://doi.org/10.3390/rs12183052

4 X. Deng. (2016). Satellite altimetry // Encyclopedia of Geodesy. — 2016. — pp. 1-5.
https://doi.org/10.1007/978-3-319-02370-0_58-1

5 C. Schwatke, D. Dettmering, F. Seitz. Volume variations of small inland water bodies from a
combination of satellite altimetry and optical imagery // Remote Sensing. — 2020. — Vol. 12, Issue 10, article
number: 1606. — pp. 1-32. https://doi.org/10.3390/rs12101606

6 H.M. Ebaid, M. Aziz. Integrating radar altimeters and optical imagery data for estimating water
volume variations in lakes and reservoirs (case study: lake Nasser) // Journal of Geographic Information
System. — 2017. — Vol. 9, Issue 6. — pp. 648-662. https://doi.org/10.4236/jgis.2017.96041

7 A Valeyev, M. Karatayev, A. Abitbayeva, S. Uxukbayeva, A. Bektursynova, Z. Sharapkhanova.
Monitoring coastline dynamics of Alakol lake in Kazakhstan using remote sensing data // Geosciences. —
2019. —Vol. 9, Issue 9, article number: 404. — pp. 1-10. https://doi.org/10.3390/geosciences9090404

8  https://hydroweb.theia-land.fr/ [Electronic resource] (date of the application: 02.07.2023).

9 Theia/Hydroweb. Hydroweb product user manual. — 2021. [Electronic resource] https://www.theia-
land.fr/wp-content/uploads/2021/06/Handbook Hydroweb-V2.1.pdf (date of the application: 10.07.2023).

10 B. Gao. NDWI — A normalized difference water index for remote sensing of vegetation liquid water
from space // Remote Sensing of Environment. — 1996. — Vol. 58, Issue 3. — pp. 257-266.
https://doi.org/10.1016/S0034-4257(96)00067-3

11 U.Bhangale, S. More, T. Shaikh, S. Patil, N. More. Analysis of surface water resources using Sentinel-
2 imagery /I Procedia Computer Science. — 2020. - Vol. 171. - pp. 2645-2654.
https://doi.org/10.1016/j.procs.2020.04.287

12 https://apps.sentinel-hub.com/eo-browser [Electronic resource] (date of the application: 25.06.2023).

13 https://earthexplorer.usgs.gov/ [Electronic resource] (date of the application: 26.06.2023).

14 Ch.-M. Lee, Ch.-Y. Kuo, Ch.-H. Yang, H.-Ch. Kao, K.-H. Tseng, W.-H. Lan. Assessment of
hydrological changes in inland water body using satellite altimetry and Landsat imagery: A case study on
Tsengwen Reservoir // Journal of Hydrology: Regional Studies. — 2022. — Vol. 44. — pp. 1-14.
https://doi.org/10.1016/j.ejrh.2022.101227

15 J.-F. Cretaux, W. Jelinski, S. Calmant, et al. SOLS: A lake database to monitor in the Near Real Time
water level and storage variations from remote sensing data // Advances in Space Research. — 2011. — Vol. 47.
— pp. 1497-1507.

108


https://doi.org/10.1016/j.procs.2020.04.287
https://apps.sentinel-hub.com/eo-browser
https://earthexplorer.usgs.gov/
https://doi.org/10.1016/j.ejrh.2022.101227
https://doi.org/10.1016/j.asr.2021.01.022
https://doi.org/10.3390/rs12183052
https://doi.org/10.1007/978-3-319-02370-0_58-1
https://doi.org/10.3390/rs12101606
https://doi.org/10.4236/jgis.2017.96041
https://doi.org/10.3390/geosciences9090404
https://hydroweb.theia-land.fr/
https://www.theia-land.fr/wp-content/uploads/2021/06/Handbook_Hydroweb-V2.1.pdf
https://www.theia-land.fr/wp-content/uploads/2021/06/Handbook_Hydroweb-V2.1.pdf
https://doi.org/10.1016/S0034-4257(96)00067-3
https://doi.org/10.1016/j.procs.2020.04.287
https://apps.sentinel-hub.com/eo-browser
https://earthexplorer.usgs.gov/
https://doi.org/10.1016/j.ejrh.2022.101227

