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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
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Mep3iMaimiri: KpUIbIHA 6 PET.
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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

ZHOLTAEYV 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.R. Baspakova'?', S.K. Alimkulov’, E.S. Sarkynov?, A.A. Tursunova’,
A.R. Zagidullina'?, A.A. Saparova', K.M. Kulebayev'

nstitute of Geography and Water Security, Almaty, Kazakhstan;
’Kazakh National Agrarian Research University, Almaty, Kazakhstan.
E-mail: sharafedenova@mail.ru

IMPACT OF CLIMATE CHANGE AND ANTHROPOGENIC
FACTORS ON THE RUNOFF OF THE ERTIS RIVER

Abstract. The article examines the current change in renewable water
resources of the Ertis River basin, taking into account regional climatic and
anthropogenic impacts. The study of the river flow of the transboundary
Ertis River is extremely important for interstate cooperation of 3 neighboring
countries regarding the joint use and protection of water resources. The flow of
the Ertis River has a huge impact on the socio-economic development of the
Republic of Kazakhstan, as it is the main source of water for the northeastern and
eastern parts of the country. The main goal of the authors is to study long-term
trends in runoff changes, taking into account climatic and anthropogenic loads
in order to develop scientifically justified strategies for sustainable management
and protection of water resources of the Ertis transboundary river basin.

The results of assessments taking into account climate change show that
since 1973 there has been an increase in river flow at gauging stations located in
runoff formation zones in mountainous areas, and a decrease in runoff located in
the flat part of the basin in the dispersion zone. When assessing anthropogenic
factors on river runoff, the method of hydrological analogy, the method of
water balance and statistical data on the coefficient of water withdrawal of
non-returnable water consumption were used. In general, the assessment of the
anthropogenic impact on the basin of the river Ertis shows a decrease in total
runoff by 6.08 km3, i.e. by 16.9% of the climatically determined runoff.

Key words: climate change, anthropogenic activity, river runoff, air
temperature, precipitation.



ISSN 2224-5278 5.2022
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Teorpadust sxoHE Cy Kayilci3mairi MHCTUTYThI, Anmarsl, KasakcraH;
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EPTIC ©3EHI AFYBIHAbBICBIHA KJINMATTBIH O3T'EPYI MEH
AHTPOITIOTEHAIK ®PAKTOPJTAPABIH OCEPIH BAT'AJIAY

AHHOTaumMsa. Makanana aiMakThIK KJIMMATTBIK €3TepicTep MEH aHTpO-
MOTEH/IIK ocepiepAl eckepe OTBIpbIN, EpTic ©3eHi anaObIHBIH >KaHFBIPMaIbl
Cy pecypcTapbIHBIH Ka3ipri e3repictepi KapacThIpbUIaabl. TpaHCIIeKapaibIK
Epric e3eHIHIH 63€H aFbIHIBICHIH 3€PTTEY CY pecypCTapbIH OIpirim naijgagaHy
JKOHE KOpray OapbIChIHIA KOpPIIUIEC >KaTKaH 3 MeMJIEKET apachIHAaFbl
MEMJICKETapaiblK KeJiciM YIIH ©Te MaHbI3Ibl. EpTiC ©3eHiHIH aFbIHABICHI
Kazakcran PecrnyOnmKachIHBIH ONE€yMETTIK-9KOHOMUKANBIK JaMyblHa YJIKEH
yJiec Kocaibl, ce0edi 01 eMMI3IIH CONTYCTIK-IIBIFBIC dKOHE MIBIFBIC OOITiHIeT
HET13T1 Ccy Ke31 ekeHi Oenriyi. ABTopiapAblH Heri3ri MakcaTsl EpTic e3eHiHiH
TpaHCIIeKapaJIbIK aTaObIHBIH Cy PECYPCTApPhIH KOPFay *KoHE THIM/I1 OacKapyabIH
FBUIBIMH HETI37ICJITCH CTPATETUSACHIH d3ipiiey MaKCaThIHJIa aHTPOIMOTEHIIK
YKYKTEeMeJIep MEH KIIMMATTBIK ©3repiCTEP/Ii €CKEPE OTHIPHII, aFbIH]IBI ©3T€PICIHIH
y3aK Mep3iMIi YPAICTEPiH 3epTTeY.

AWMaKTBIK KJIUMATTHIH ©3T€PIiCiH €CKepe OTBIPHII, ©3€H aFbIHIBICHIH Oaraay
Hotmxkenepi 1973 »xpuiman Oacram aFbIHABI KaJbIITACTHIPY aliMaKTapbIHIA,
Tayllbl aylaHaap/aa OpHaTacKaH THAPOOEKETTEpIe ©3€H aFbIH/BICHI KOJIEMiHIH
VJIFAIObI J)KOHE aJIallThIH JKa3bIK OOJITiH/Ie, SFHU IalIblpay alMarFbIHIa aFbIHIbI
MOJIIICPiHIH a3at0bl OaKaIIbl. AHTPONIOTEHIIK (haKTOpIapabl €CKepe OTHIPHIIL,
©3€H aFbIHIBICHIH Oarajay Ke3iHAe THAPOJIOTHSIIBIK YKCACTBIK 9ficCl, CY
TEHTePIMJIIK 9/1iC1 )KOHE KaUTapbIMChI3 Cy TYTBIHYBIH CY ally KO3 GHUIHMESHTIHIH
CTaTHCTHUKANBIK JepekTepl maimanansuiasl. XKammel, Epric e3eHi anaObIHBIH
AHTPOTIOTCH/IIK ocep/i Oaranay >KHBIHTBIK arbIHABI KejeminiH 6,08 km’-ke,
COHBIH 1MIH/IE KJIUMATTHIK aFbIHABIAAH 16,9% - ke a3aliFaHbIH KOPCETE/I.

Tyiiin ce3aep: KIMMATTBIH ©3repici, AHTPOIOIEHIIK 1C-OpEKET, ©3¢H
arbIHIBICHI, aya TEMIIEpaTypachl, aTMOC(epabIK sKaybIH-IIAITBIH.
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"MuctuTyT reorpaduu 1 BogHOM Oe30macHocTH, AnMarhl, Kazaxcraw;
’Kazaxckuii HallMOHAIbHBIN arpapHbIil HCCIIEI0BATEILCKUN YHUBEPCHUTET,
Anmarel, Kazaxcran.
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BJIMAHUE UBMEHEHUS KIIMMATA U AHTPOITIOI'EHHBIX
PAKTOPOB HA CTOK PEKH EPTHUC

AHHOTanmMsa. B crarbe paccMaTpuBarOTCd COBPEMEHHBIE W3MEHEHUS
BO300HOBIIIEMBIX BOJIHBIX pecypcoB OacceitHa pexku Eprtuc ¢ yderom
pEervMoHaJbHBIX KIMMAaTUYECKUX M aHTPOIOT€HHBIX Bo3AeicTBuil. M3yuenue
pPEYHOr0 CTOKa TPAHCIPAHUYHOM pekn EpTuc upes3BplUaiiHO Ba)XHO IS
MEXIOCyJapCTBEHHOIO COTPYIHUYECTBA 3-X COCEAHUX CTPaH B OTHOLICHUHU
COBMECTHOTO MCIIOJIb30BaHUs U OXpaHbl BOAHBIX pecypcoB. CTok pexku Epruc
OKa3bIBa€T OrPOMHOE BIIMSAHME Ha COLMAJIBHO-DKOHOMHYECKOE pPa3BUTHE
PecnyOnuku Kaszaxcran, Tak Kak OHa SIBISETCS OCHOBHBIM MCTOYHUKOM BOJIBI
JUIsL CEBEPO-BOCTOUHON M BOCTOYHOM wyacTedl cTpaHbl. OCHOBHOW IIEJIbIO
aBTOPOB SBJISIETCS HW3yYEHUE JOJTOCPOYHBIX TEHACHLUUH H3MEHEHHUs CTOKa
C y4eTOM KJIMMAaTHUYECKUX M3MEHEHHH M aHTPOIOI'€HHBIX HAarpy30K C LEJIbIO
pa3paboTKK HayyHO OOOCHOBAHHBIX CTPATE€rMil YCTOWYMBOIO YNpaBICHUS U
OXpaHbl BOJIHBIX PECYpCOB TpaHCTpaHUYHOTO Oaccelina peku Epruc.

Pe3ynbTaThl OLIEHKM PEYHOI0 CTOKA C yYE€TOM M3MEHEHMsI PErMOHAIbHOTO
KJIMMaTa TOKa3bIBaloT, 4To ¢ 1973 1. HaOmomaercs yBEJIWYEHHUE CTOKA PEK
Ha TUAPONOCTAaX, PACIOJIOKEHHBIX B 30HaX (DOPMHPOBAHUS CTOKA, B TOPHBIX
pailoHax, M yMEHbIIEHHE CTOKa B DPABHMHHOM dYacTu OacceiiHa, B 30HE
paccestHus. [Ipu olieHKe peyHOro CTOKa € y4eTOM aHTPOINOTE€HHBIX (aKTOPOB
MCIOJB30BAIMCH METO TUPOIIOTUYECKON aHAJIOIMH, METOJ] BOJHOTO OanaHca
U CTaTHCTUYECKHWE IaHHBIE O KodpduimeHTe Bomo3abopa OE3BO3BPATHOTO
BozlonoTpedeHus. B 11eom olieHKa aHTPOIIOre€HHOTO BIMSIHUS 110 OacceiHy p.
EpTrc moka3siBaeT yMEHbIIICHHE CyMMapHOTO CTOKa MoKa3biBaeT Ha 6,08 km?,
T.e. Ha 16,9 % oT ximMaTuyecku 00yCIIOBICHHOIO CTOKA.

KiroueBble c10Ba: M3MEHEHHE KJIMMaTa, aHTPOIOTE€HHAs JEsTeNbHOCTD,
pEeUHOM CTOK, TeMIepaTypa Bo3ayXxa, aTMOC(EpHbIE 0CAKU.

Introduction. The problem of assessing water resources is of great
importance and relevance not only from a scientific point of view, but also
in recent years has acquired an acute socio-economic and political character,
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which is due, on the one hand, to the increasing role of anthropogenic factors,
and on the other, to factors caused by all more noticeable climate changes.
The Republic of Kazakhstan is one of the least water-supplied countries in
Central Asia. The severity of the water supply problem in Kazakhstan is due
to the limited accessibility of water resources, their uneven distribution over
the territory, and significant variability over time. The total water resources
are estimated at about 100-110 km?, of which 44.4% come from neighboring
countries (China, Russia, Kyrgyzstan, Uzbekistan), the remaining 55.6% are
formed within the country (Alimkulov et al., 2019:9; Meyer et al., 2016:10).

The territory of the Republic of Kazakhstan is divided into 8 water economy
basins (WEB). 7 of them are transboundary and one - Nura-Sarysu is internal
WEB (Absametov et al., 2019:7). The main part of water resources falls on
the water resources of Ertis water economy basin (about 45%). According to
scientists, Kazakhstan is one of the countries that is experiencing the greatest
scarcity of water resources.

In terms of water sufficiency, the republic occupies one of the last places
among the CIS countries. That is mainly due to the fact that about half of
the surface water resources of our republic come from the territories of
neighboring countries (Malkovsky, 2012). The river runoff of the Ertis River
basin is of particular importance and relevance due to the fact that Ertis
belongs to transboundary rivers and its water resources are intensively used by
three neighboring countries: the People’s Republic of China, the Republic of
Kazakhstan and the Russian Federation (Muratshina, 2012).

Study area. The cross-border Ertis River begins on the slopes of the Altai
Mountains on the border of Mongolia and China, then flows into Kazakhstan
under the name Kara Ertis and flows into the flowing lake Zhaisan (Zaisan),
from where Ertis itself passes through a cascade of hydroelectric power plants.
It carries its waters to Russia, where the city flows into the Ob River near
Khanty-Mansiysk.

The total distance of the Ertis River is 4248 km (of which 512 km flows on
the territory of the People’s Republic of China under the name of the Black
Irtysh, 1696 km - on the territory of the Republic of Kazakhstan and 2040
km - on the territory of the Russian Federation). The length of the Ertis River
exceeds the length of the Ob itself, and together the Ob’ and Ertis it is the
longest watercourse in Russia, the second longest in Asia and the sixth in the
world (5410 km). Fig.1 shows a diagram of the Ertis River basin.

The average long-term volume of surface runoff of the Ertis River (on
the territory of the three countries) is approximately 88.3 km?’, which is
approximately 27% of the total runoff of the Ob River (Vinokurov et al., 2012).
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Figure 1. Scheme of the Ertis river basin location

Conditions for the formation of river flow in Ertis river basin are distinguished
by the significant variety of climatic and orographic conditions, terrain relief,
which is reflected in the uneven distribution of both atmospheric precipitation
and air temperature, and, as a result, river runoff.

By the highest value of surface water resources in the considered territory is
characterized the right bank of the Upper Ertis of the East Kazakhstan region
- the mountainous part of the river runoff formation, and the least value of
local resources is characteristic of the left bank part of the East Kazakhstan and
especially Pavlodar regions - the flat territory (Fig. 2).

- Kara Ertis
- Buktyrma
Oba
Ulbi
- Kurshim

* Turgysyn

- Kalzhyr

Figure 2. The share of the main rivers flow in the formation of water resources in the Upper
Ertis basin (Galperin 2012).
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The water resources of Ertis are of exceptional importance, since the Ertis
basin is the most water-rich in the republic (Galperin, 2012) and meets the
needs of drinking water supply and economic sectors (especially industry) not
only in the eastern part of the country, as well as by diverting part of the flow
through the 1.K. Satpayev canal (“Ertis-Karaganda”) with extension of 458 km
to industrial objects in the cities of Karaganda, Ekibastuz and Temirtau, as well
as the capital Astana The Ertis river basin is a potential donor basin for water-
deficient regions of the country, the diversion of the Ertis river flow to cover
the expected water shortages in the basins of the Esil, Nura, Tobyl, Syrdaria
rivers will contribute to solving critical national problems of the Republic of
Kazakhstan (Malkovsky, 2012).

The work of the cascade of Ertis hydroelectric power plants, operating since
the second half of the 20th century, provides electricity to numerous industrial
facilities, settlements, and also regulates the runoff in the central and low
reaches of the river, including environmental releases for watering the largest
Pavlodar-Omsk floodplain (Burlibayev et al., 2012). In Russia, the waters of
the Ertis satisty the needs of the population of the Omsk and Tyumen regions,
provide shipping, through which transport links are carried out in the swampy
conditions of the Siberian territories, which have an extremely rare net of roads
and railways, including the most important for this region “northern delivery”
(Kozlov and Ratkovich 2010:5; Romanova, 2013). Biodiversity of the fertile
floodplain of Ertis river is of unique natural (flora and fauna) and economic
value (flood meadows, hayfields, pastures).

Water resources of Ertis river are of particular importance for all three
countries, on which territories its basin extends.

In China, the water resources of Kara Ertis are the main source of water
supply for the Xinjiang Uygur Autonomous Region (XUAR), which has been
intensively developing since 2000 as part of the implementation of the large-
scale Chinese roadmap for the business development of the western provinces
“Go West” (“Go West”), which includes projects for the development of the
oil and gas industry, coal industry in the region, as well as increasing the area
of irrigated land. The development of water resources is accompanied by the
widespread regulation of river flow, including the transfer of water to neighboring
water-deficient areas. Thus, in the middle reaches of the Kara Ertis, there is
a large hydroelectric complex with Karasu reservoir, from where begins the
largest drainage canal “Kara Ertis - Karamay - Urumqi” (Prokhorova, 2015:10).
After passing the common section about 139 km long, the canal is divided into
two directions: first to the Karamai city with a length of 335 km, the second to
the city of Urumgqi with a length of about 470 km (Fig.1). More than 2.5 km? of
the Kara Ertis runoff is already being transferred through the canal; however,
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according to various expert assessments of specialists from Kazakhstan, the
design capacity of the canal is 5.0-7.0 km® by the total runoff of 9.5 km? in an
average year of the water content.

Water resources of Ertis river are of great importance for the economy and
health of the population of a large industrial area of Kazakhstan, which includes
three regions: East Kazakhstan, Pavlodar and Karaganda.

Materials and data. To assess the impact of climate change to the river
runoff in the basin under consideration, 8 hydrological stations were selected
for various hydrologically homogeneous regions, with the longest periods of
runoff observations, for which the series of annual (conditionally natural) runoft
was reconstructed for the period from the date of the observation start until
2015. The time series of air temperature and atmospheric precipitation served
as meteorological data also up to 2015 for 8 representative meteorological
stations, covering the entire length of the Ertis river in the Kazakhstan sector.

The data of long-term observations of the hydrological network of RSE
“Kazhydromet” are the basis for identifying the trend of changes in river flow
on the territory of Kazakhstan.

Methodology. To identify the climatic and anthropogenic impact to the
water resources (in our case these are the volumes of river runoff of Ertis river
basin in the territory of Kazakhstan) are used the traditional in the CIS methods
of their assessment. The change in runoff taking into account climatic factors
(atmospheric precipitation, air temperature) was estimated using the linear
trend coefficient, which is widely used in hydrology and meteorology (Polyak,
1975:10; Talipova et al., 2021:14).

To identify the anthropogenic component of the river runoff, the method of
hydrological analogy was used, which is based on long-term fluctuations in
runoff for a conditionally natural and for a conditionally actual period) in the
main gauging stations of the river, as well as an integrated approach using the
calculation of the water balance of the main river channel, the coefficient of
irretrievable water consumption, and also a verification element of calculations,
data on water consumption by industry. All the methods that were used to assess
the climatic and anthropogenic impact are described in detail and considered in
the following studies (Medeu et al.,2020:7; Shiklomanov, 2008).

Impact of climate change to the river runoff. The water resource potential
of river waters can be characterized by the following two indicators: natural
(climatic) resources, actual (transformed under the influence of anthropogenic
load) resources. Natural means the annually renewable potential resources
of river runoff of any territory. For sufficiently clear representation of the
resources condition, it is necessary to know the anthropogenic changes in the
local and total runoff. In this case, the indicator is actual resources - resources
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transformed under anthropogenic impact, both inflow from outside the country
and local, own.

Under the conditions of climate change, the uneven distribution of water
resources across the territory is aggravated. The main factors of the runoff
formation are most subjected to changes, in contrast to the terrain relief,
geological structure, and the nature of nutrition, are such meteorological
characteristics as air temperature and precipitation. In addition, the assessment
of modern changes in climatic characteristics makes it possible to assess the
river runoff in relation to these changes. In the studies dedicated to the research
of climate variation, mainly the fluctuations in time of air temperature and
precipitation are investigated, since these elements have the longest and most
reliable series of observations. To assess the long-term dynamics of the annual
river runoff and meteorological parameters there were allocated two periods:
until 1973 and 1974-2015 according to the differential integral curves of the
runoff, as well as in connection with the intense warming of the climate after
the 1970s (Fig. 3) (Alimkulov et al., 2021:15).

According to the analysis of the differential integral curves of the river runoff
of Ertis river basin, it can be said that after 1971-1973 almost in all tributaries of
the basin and in the channel of the Ertis river the change in runoff is observed.

Long-term changes in air temperature (°C/10 years) and precipitation (mm/10
years) until 1973 and for the period 1974-2015 at meteorological stations
located along the Ile river basin were calculated according to the linear trend
for the periods until 1973 and 1974-2015 for the Ertis river basin.

Analysis of the data obtained shows that for the periods until 1973 and 1974-
2015, statistically significant increase in air temperature is observed in Ertis
river basin. Moreover, the highest rate of increase in air temperature falls on
the period 1974-2015 and a statistically significant increase in air temperature
is observed at all considered meteorological stations. Intense warming occurs
unevenly and warmed most of all at the Shemonaikha and Ust-Kamenogorsk
meteorological stations (for more than 0.35 °C/10 years) (1974-2015).
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Figure 3. Difference integral curve of the river runoff of Ertis river basin

In most meteorological stations during the periods under consideration,
there is a statistically insignificant, multidirectional trend in the change in
annual precipitation amounts. The greatest increase in the annual precipitation
after 1973 falls on the Semipalatinsk and Zaysan MSs. Decrease in annual
precipitation for the period 1974-2015 is observed at MS Shemonaikha (9.55
mm/10 years) and until 1973 the maximum decrease was observed in MS
Katon-Karagai (26.7 mm/10 years). Common features of climate change for
the study area are increase in air temperature throughout the entire river basin
and statistically insignificant multidirectional trend in annual precipitation.

Long-term dynamics of the total annual runoff values of the rivers of Ertis
river basin for the two periods - until 1973 and 1974-2015 shows that since
the beginning of the 1970s, there has been increase in river runoff at gauging
stations located in the zones of runoff formation, and decrease in runoff in the
flat part of the basin. It should be noted that all river basins, where the annual
runoff increased, have different degrees of glacial recharge. To assess the
impact of climate change to the river runoff, the example shows the long-term
course of the river flow at the main hydrological stations (Fig. 4,5) and the long-
term course of climatic factors (precipitation and air temperature) at the nearby
located meteorological stations.
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Figure 4. Long-term dynamics of the river runoff and dynamics of atmospheric precipitation
and air temperature at nearby located meteorological stations (MS) of Ertis river basin

At the stream flow measuring stations located in the lowland part of the
basin a decrease in runoff is observed after the year 1973, this is possibly
connected with intense increase in air temperature. It is possible that increase
in air temperature led to increase in evaporation, which led to decrease in water
runoff.

Influence of anthropogenic activities to the river runoff. Intensive growth of
anthropogenic influence in Ertis river basin begins in the mid-1950s (the upper
part of the Kara Ertis basin in the PRC), but until the 1990s, anthropogenic
activity did not significantly affect the river regime. Serious measures for
the development of water resources originate from the second half of the
1990s, to provide water to the region of the oil field near the Chinese city of
Karamai. In the territory of the Republic of Kazakhstan, in connection with the
commissioning of the Ust-Kamenogorsk hydroelectric power station in 1953,

15



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

as well as after the construction of the Bukhtyrma reservoir in 1960, we can
observe disturbance in the flow regime of Ertis river (Zhurinov et al., 2019:6).

The water resources of the Ertis River and its tributaries in the territory
of the Republic of Kazakhstan are used for the needs of industry, housing
and communal services, fisheries, agriculture (regular irrigation, flooding of
estuaries and hayfields, agricultural water supply, irrigation of pastures). In the
Ertis basin, from the surface waters the total water intake for 2000-2015 is 3.12
km?®, from underground sources - 0.2 km®, of which for the needs of industry
is 1.93 km?® (62%), for housing and communal services 0.11 km* (3.67%),
flooding of estuaries (13, 4%) and hayfields (19.6%), for regular irrigation
3.69%, agricultural water supply 1.12%.
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Figure 5. Long-term dynamics of river runoff and dynamics of atmospheric precipitation and
air temperature of nearby located meteorological stations (MS) in Ertis river basin

In addition, the water resources of the river are used for the generation of
hydroelectric power, the needs of navigation. Every year, from the Shulba
reservoir, in order to maintain conditions close to natural floods in the middle
reaches of the Ertis River, to preserve biological productivity, ecological habitat
of flora and fauna of the floodplain, environmental releases are carried out.
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The Ertis river runoff is regulated by a cascade of reservoirs with a design
capacity of: 49.8 km? - Bukhtyrminskoye, which is one of the largest reservoirs
in the CIS; 0.65 km® - Ust-Kamenogorsk reservoir; 2.39 km?® - Shulbinsk
reservoir (Huang et al., 2014:10; Yang et al., 2004:16). The runoff distribution
of the Ertis river basin over the territory of Kazakhstan is complex, with
great contrasts. Ertis river and Zaisan lake are water bodies of special state
significance in Kazakhstan.

Results and discussion. At the first stage, assessment of anthropogenic
changes in river runoff was carried out at the main observation points based
on the method of hydrological analogy (Table 1, Fig. 6). The method gives
quite reliable results, although they represent integral values of changes and
are limited for assessing the role of certain industries or types of economic
activity. These results, as the most reliable, will be used as control materials for
further detailing of anthropogenic changes. According to the results of Table
1, the greatest changes along the main channel of Ertis river occurred at the
Priirtyshskoye border gauging station, which shows an approximate general
picture of anthropogenic changes in the channel of Ertis river in the territory of
the Republic of Kazakhstan and PRC due to irretrievable water consumption
and due to reservoirs and preservation of the river floodplain.

At the second stage, the assessment of economic activity based on the
channel water balance was carried out for four main sections along the main
river of Ertis river basin:

1 section — from the state border between the Republic of Kazakhstan and
PRC to the tail-water of the Buktyrma Reservoir;

2 section — from the tail-water of the Buktyrma Reservoir to the tail-water of
the Shulba Reservoir;

3 section — from the tail-water of the Shulba Reservoir to the border between
East Kazakhstan and Pavlodar regions;

4 section — from the border of the East Kazakhstan and Pavlodar regions to
the state border between the Republic of Kazakhstan and Russian Federation.

1 section — More than 60% of the surface runoff of Ertis river basin is formed
in this area. The decrease in river runoff in the PRC during the considered
period is 2.28 km?® which is caused by water intakes in the territory of PRC
due to increase of irrigated area and construction of hydrotechnical structures
on the river Kara Ertis, as well as the transfer of the flow through the Ertis-
Karamai canal to provide water to the region of the oil field near the Chinese
city of Karamai. Anthropogenic change in the channel on the territory of the
Republic of Kazakhstan along the river Ertis is due to additional losses after
the construction of the Buktyrma reservoir on Lake Zhaisan. The change in the
local runoff here makes 272 million m?.
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Table 1. Anthropogenic changes in the flow of the main rivers of the Republic of Kazakhstan
(Medeu et al., 2020:7)

W, km? Changes In % from

Ne River-gauging station Naturally- > | naturally-
Actual km
restored restored flow

1 |r.Kara Ertis - v. Boran 10,6 8,32 -2,28 -21,5
2 |r. Ertis- Hydropower plant Buktyrminskaya| 20,7 16,6 -4,16 -20,1
3 |r. Ertis - Ust-Kamenogorsk city 21,4 17,0 -4.44 -20,7
4 |r. Ertis - v. Shulbi 30,6 27,6 -3,00 -9.8
5 |r. Ertis — Semiyarka town 30,6 26,5 -4,13 -13.,5
6 |r. Ertis — Pavlodar city, zaton 30,6 27,2 -3,32 -10,9
7 |r. Ertis -v. Priirtyshskoye 30,5 24,4 -6,08 -19.9
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Figure 6. Scheme of the Ertis river basin on the territory of the Republic of Kazakhstan

2 section — 33% of the water resources of the basin are formed in the territory
of this sector. There is a slight decrease in local resources (1.3%), which is
caused by irrevocable water consumption by industry and municipal water
supply in the big cities of Ust-Kamenogorsk and Ridder. The impact to the bed
of the Ertis river was influenced by the construction of the Ust-Kamenogorsk
hydroelectric power station in 1953 and Shulbinskoye water reservoir.

3 section — This sector is almost without inflow and for the needs of economic
activities the water resources of river Shar and from the main channel of river
Ertis are used; in this sector occur mainly small changes in the channel due to
the changes in the regime and area of flooding of the floodplain.
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4 section — In the territory of Kazakhstan, the greatest change in river flow
occurs in this section of the basin, since water intakes are mainly made from the
bed of the Ertis river to meet the needs of the region’s industry and transfer the
flow of the river Ertis by K. Satpayev Canal for water supply of the population,
industry and agriculture of Central Kazakhstan. Here, irrecoverable water
consumption throughout the basin in the territory of the Republic of Kazakhstan
makes 76%.

Comparative analysis of natural runoff in Ertis river basin in the territory of
Kazakhstan for the period 1932-1966 and the modern period shows an increase
in renewable water resources, both local flow and inflow from neighboring
country, this can be explained by the fact that in the region there is a gradual
increase in the rate of runoff-forming factors, namely increase in air temperature
and atmospheric precipitation (Fig. 7).

1932-1966 40,0 1974-2015 1974-2015
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Figure 7. Changes in the natural (climatic) and actual runoff of Ertis river basin (Kazakhstan
part)

The total natural (climatic) resources of river runoff in Ertis river basin
over the modern period are 36.1 km®, of which local resources are 26.8 km?,
inflow from China - 10.6 km?, outflow to China (Kaba, Belozek) - 1.36 km®.
In addition, the lower reaches of Ertis rive are located in the territory of the
Russian Federation, and the outflow from the Republic of Kazakhstan to the
Russian Federation in natural conditions makes 30.0 km?.

In the period from 1932 to 1966 in the considered territory the water
resources were used for the needs of the local population and some works were
also carried out to develop natural resources, but there was no particular impact
to the natural regime of the river, in this regard the assessment was carried out
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for the period from1974 to 2015. In general, the assessment of anthropogenic
impact in Ertis river basin shows decrease in runoff by 6.08 km’, i.e. by 16.9%
of the climatic natural runoff. Of which 6.31% is the influence of economic
activity in the territory of PRC, or about 38% of the total anthropogenic change;
the remaining 62% in the territory of the Republic of Kazakhstan is due to
anthropogenic changes in Ertis river bed, in connection with the construction
of cascades of hydroelectric power plants and irretrievable water consumption
in the basin.

Conclusion. This study was aimed at assessing the current condition of water
resources in Ertis river basin in the territory of Kazakhstan under conditions of
climate change and increase of anthropogenic load.

The current change in river flow resources, taking into account economic
activities is mainly associated with the functioning of the Bukhtyrma reservoir,
with increase in water consumption by sectors of the economy in the territory
of the Republic of Kazakhstan, as well as in the territory of the PRC. In general,
for the period under consideration (1974-2015), the actual runoff in Ertis river
basin is 30.0 km’, i.e. runoff decreased by 16.9% compared to climatic runoff
due to anthropogenic influence. In conclusion, the resources of river runoff
due to the climate change tend to increase slightly, but unfortunately due to
the modern needs of people and construction of hydrotechnical structures, the
anthropogenic impact to renewable resources occurs both in quantitative and
qualitative volumes.
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