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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




I 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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



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, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, mpodeccop, K.M. CaTnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
mupektops! (Anmarsl, Kazakcran) H=2

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

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

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX 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 Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

KOHTOPOBUY Aunekceii DMUIbeBHY, TOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, UuctutyTr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

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

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) 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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Abstract. The Shulbinsk Hydroelectric Power Plant (HPP) located on the Irtysh River
in the eastern part of Kazakhstan is one of the largest and oldest hydropower plants in
the country. The efficiency of water management systems in the Shulbi reservoir heavily
depends on discharge of the Oba and Ulbi rivers, which are the right-hand tributaries
of the Irtysh River. This region is characterized by a sparse network of observation
stations, which do not allow to fully represent hydrological processes occurring in the
area, and therefore planning of adaptation measures related to climate change could be
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problematic. To overcome this limitation, our study uses the available high-resolution
global climate dataset WATCH and explores the possibility of using the Soil and Water
Integrated Model (SWIM) to predict river discharge in the basins of the Oba and Ulbi
rivers. SWIM was calibrated and validated for the entire Oba and Ulbi river basins.
The period from 1962 to 1971 was used as a calibration period, and the period from
1972 to 2016 as a validation period considering every decade separately. The Nash
and Sutcliffe efficiency (NSE) and relative volume error (RVE) were used to assess
performance of the model. The calibration results showed a good agreement between
the modeled and observed discharge with NSE of 0.86 and RVE of 5.6 % for the Oba
River and NSE of 0.84 and RVE of 0.2 % for the Ulbi River. The analysis of modelling
results shows that also the high flow indices Q10 and Q5 corresponding to 90" and 95™
percentiles, respectively, are represented sufficiently well by the model SWIM. Based
on the obtained results, we can conclude that the model could be successfully applied
for predicting discharge and high flows of both rivers in the coming decades, and for
projecting discharge in the future under climate change scenarios.

Keywords: Oba, Ulbi; hydrological modelling; SWIM; river basin; calibration,
validation, high flow indices
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AnHorTanus. KazakcranHbIH mbiFbIc Oemirinzie Epric e3eHinae opnanackan Lyn6i
cy aekTp crancackl (COC) MEMIICKETTIH €H YJIKEH XKOHE KOHE CY 3JICKTP CTaHCaJapbIHBIH
6ipi 6onbin Tabbmanel. 11lyn6i cy KoWMackIHBIH Cy pecypcTapbiH Oackapy KyHeciHiH
tuimziniri Epric e3eHiHiH oH akK cananapbl O0a jxoHe Y101 e3eHIepiHiH arblHbIHA
aiitapnelkraii Toyengi. byn aiiMak OoOJbINl JKaTKaH THAPOJIOTHSUIBIK YIepicTepi
TOJIBIFBIMEH afKbIHJIayFa MYMKIH/IK OEpMEHTIH CUpEK OpHajJacKaH Oakpliay OekeTTep
KyHecimen cumnarrananpl. OcblFaH opad, KIMMAaTTBIH ©3repyiHe OaiJIaHBICTHI
aJanTalUsUIbIK Mapajap/sl )KoCcIapiay Kypaesi 00aybl MyMKiH. ATafaH HIeKTeyIepai
acy MakcaTblHIa OIi3[iH 3epTTeynepiMisie aXbIpaTbIMABUILIFBL koFapel WATCH
KJIIMMATTBIK JACPEKTEP JKUBIHTBIFBI KOJJIaHbLIaAbl jkoHe O0a MeH Y701 e3eHIepiHiH
aNanTapblHia arblHAbl 0OJDKay MaKcaTbhlHAa TOMBIPAK TIeH CYyABIH OipiKTipiireH
mozeninin (SWIM) kompmany omicrepi Kapacteipbuiagpl. SWIM O6a men YnoOi
©3¢HIepiHIH 0apIIbIK OaccelHIepiHEe CYPBINTAIbI )KOHE Bauaanusiansl. CyphinTay
Ke3eHi perinae 1962 sxpuinan Oactan 1971 xbuira nediin, an 1972 xeuinan Gacrarn
2016 xbUTFa IEHIH 9P OHXBULIBIKTHI KEKEe €CKEPEe OTHIPHII BaTHUIAIM K€3€HI PETiHIE
naiaananael. Ham nen Carkinudd tuimainiri (NSE) xxoHe KeJieMHIH KaThICThI KATEIIr1
(RVE) mozenbain eHiMALTIrH Oaraiay yiiH Kojnansuiasl. Cypeinray HoTrkesaepi Oba
o3eni Ooiniama NSE 0,86 merx RVE 5,6 % xone Y1161 e3eni Ooiisama NSE 0,84 men
RVE -0,2 % MoHzIepiMeH COMKECiHIIIe MOJICIIbICHICH KOHE OJIIIEHTeH Cy OTIMICPIHIH
apachlH/Ia JKaKChl COUKECTITiH KopceTTi. Mozenbiey HOTIKeNnepiHiy capanTaMacsl 90
MeH 95 nmpouenTribaepine colikec Q10 MeH Q5 skorapbl arbiH UHAEKCTEPI Ae SWIM
MOJICTIIMEH ali TapJIBIKTal )KaKChl YCBIHFaHBIH KOPCeTeli. AJBIHFaH HOTHOKENep HeTi3iHae
MOJIeTIb €Ki ©3€HHIH /€ aFbIHJIapbhlH allABIMBI3IaFbl OHXKBULABIKTapFa OOJKaybIHIA
KOHE Jie OoJaliakTa KIMMaTThIH ©3repyiHiH opTypii cleHapuiiinepl OOWbIHIIA aFbIHBIH
OoJpKaybIH/a NalilananyFa MYMKIHIIK Oepesi Aem TYKbIpbIMaayFa Ooaibl.

Tyiiin ce3nep: O0a, Y16i; rugposiorusibik yiriney; SWIM; e3eH anaObl; cypeinTay;
BaJIMAALINS; MAKCMAJIJIbI aFbIH HHJIEKCI
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Annorramus. llynsounckas ruaposnekrpoctanius (I'IC), pacmonoxeHHas Ha
peke Hpreimr B BocTOouHOM uactu KaszaxcraHa, sBisieTCs ORHONW M3 KPYNHEWMIIUX U
CTapeHIINX THUAPOSIEKTPOCTAHIMI CTpaHbl. J()(PEKTHBHOCTh CHCTEM YIPaBICHHS
BogHBIME pecypcamul LIIynbOMHCKOTO BOJOXpaHWIIMIIA BO MHOTOM 3aBHCUT OT CTOKA
pex Ob6a u YnbOu, KOTophie SIBISIOTCS MPaBBIMU NpUTOKamMH MpThima. DTOT peruoH
XapaKTEepPHU3yeTCsl Pa3pEeKCHHOW CEThI0 HAONIONaTEeNbHBIX IYHKTOB, KOTOPHIE HE
MIO3BOJISIIOT B MOJIHOM Mepe 0ToOpakaTh THPOIOTHYECKUE MTPOLECCHI, TPOUCXOSIINE
B paiioHe, B CBSI3M C YeM IUIaHHPOBAHHE aJaNTAllMOHHBIX MEPOIPHUITHH, CBA3aHHBIX
C M3MEHEHHMEM KJIMMara, MOXeT OBITh IMpoOieMarndHbM. UTOOBI Mpeosoners 3To
OrpaHMYCHHE, B HAaIleM HCCICAOBAHUN HCIONB3YeTCsl JOCTYMHBIH TI00aIbHBIH
HabOp KJIMMAaTUYECKUX MJaHHBIX BbICOKOro paspemenuss WATCH u wu3yuaercs
BO3MOXXHOCTb UCIIOJIb30BaHMUS MHTEIPUPOBAHHON MOJIeNH MouBbl M BoAs! (SWIM) mms
MIPOTHO3MPOBAHMS PEYHOTO CTOKa B OacceitHax pek O0a u Ynsou. Model SWIM 6Orbia
OTKaJIMOpPOBaHa U BAIMAMPOBaHA /i OacceiiHoB pek O6a u Yneou. [lepuos ¢ 1962 mo
1971 rox ObUT KCTIONIBL30BaH B KAYECTBE NIepro/ia KaauOpoBKH, a iepuos ¢ 1972 mo 2016
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rOJl — B Ka4€CTBE Mepro/ia BATUIAINY C YIETOM KaXKIOTO ACCITHIICTHS B OTJACILHOCTH.
OddexruBrocts Hama u Carknudda (NSE) u otHocuTenbHas omubdka oobema (RVE)
HCIIOIb30BAIMCh IS OLIGHKM KauecTBa MOJCIMPOBaHUs. Pe3yiasraTsl KalnOpOBKH
MOKa3aJll XOpoIllee COOTBETCTBHE CMOJIEIMPOBAHHOTO W HaONIOZaeMoro pacxona
Bonbl ipu NSE 0,86 u RVE 5,6 % mst peku O6a u NSE 0,84 u RVE -0,2 % s pexn
Ynp0u. AHanu3 pe3ylbTaToB MOACIMPOBAHUS MOKA3bIBAET, YTO M MHJCKCHI BHICOKOTO
ctoka Q10 u QS5, coorBercTBytonye 90-My u 95-My HPOLEHTUISIM COOTBETCTBEHHO,
JIOCTAaTOYHO XOPOIIO MpeAcTaBieHbl Momenbio SWIM. Ha ocHOBaHWHM TMOYYEHHBIX
PE3yIBTaTOB MOXKHO CJHIEJIaTh BBIBOZ, YTO MOJEIb MOXET OBITh YCICIIHO MPHUMEHEHA
JUTS TIPOTHO3MPOBAHUS CTOKAa 00EMX peK B ONMKauIue NeCATHIETHS, a Takke s
MIPOTHO3UPOBAHUS CTOKA B OyIyIleM IpH pa3INYHBIX CIIEHAPUSIX U3MEHEHUS KINMaTa.

KaroueBsie cioBa: O06a, YneOm; rumponorumdeckoe mopaenupoBanue; SWIM;
OacceliH peku; KaTMOpOBKa, BaJHUIAIUs, UHICKCHl MAKCUMAJIbHOTO CTOKA

Introduction

Kazakhstan has set the plan to become carbon-neutral state by 2060. With rapid
population and economy growth the finding of new sources of green energy is vital.
Accordingly, the further development and modernization of green energy sources,
including hydroelectric power plants, is a promising direction now. The Shulbinsk
hydro-power plant (HPP) is located 70 kilometers from the city of Semey, it is the third
station in the Irtysh HPP cascade and the largest in Kazakhstan in terms of installed
capacity. The water management systems in the Shulbi reservoir depend on water supply
from the Oba and Ulbi rivers, which are tributaries of the Irtysh river (Fig. 1). The main
function of the Shulbinsk HPP is generation of electricity, and other functions include
compensatory regulation of the Irtysh river discharge, accumulation of runoff from the
Ulbi and Oba rivers, and spring flooding of floodplain meadows in the Pavlodar region.
Therefore, a competent management of water resources in this region is very important.

River flow forecasting is one of the measures used in water resource management
to address climate uncertainty, as well as in the management of water uses such as
hydropower, water supply, irrigation, navigation, flood control and environmental
protection (WMO, 2002). Forecasting floods caused by melting of snow and ice
in spring and heavy rains and wind waves in areas along the coast and estuaries
(Merkuryeva et al., 2015) is a complex area of operational hydrology. The calculation
and forecasting of river flow using existing traditional methods become ineffective
under the conditions of already noticeable global climate changes, reduction of the
network of hydrometeorological monitoring stations, and violation of homogeneity of
the observation time series due to significant anthropogenic load on individual river
catchments causing changes in their water regime. There are practically no reliable
methods for predicting runoff of ungauged and poorly monitored rivers. A successful
solution of many hydrological problems requires development of new methodological
tools for studying conditions of runoff formation and implementation of forecasting
schemes. One of the promising ways is the mathematical modelling of river runoff based
on the landscape-hydrological principles using modern geoinformation technologies
and hydrological modelling capabilities.
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Standard tools such as hydrological and ecohydrological models are used to study
hydrological processes and support flood forecasting, effective water management
and water quality assessment considering nutrient cycling, erosion and sedimentation
(Gayathri, 2015). Such models can assess potential changes in hydrological processes
under land use and climate change. Hydrological models, being important and necessary
tools for managing water resources, vary substantially in their spatial disaggregation
and level of complexity — from simple lumped models with a few parameters to
semi-distributed and distributed models with thousands of spatial elements and tens
to hundreds of parameters in each (Vinogradov and Vinogradova, 2010). For example,
Kauffeldt et al. (2016) provide a technical review of large-scale hydrological models for
implementation in operational flood forecasting schemes at the continental level.

Recently, several studies, which included modelling of the river basins in Kazakhstan
using modern models of runoff formation and General Circulation Models (GCMs),
were published. The authors of the article by Shahgedanova et al. (2020) investigated
the impacts of projected climate and glacier change on river discharge of five glacierized
catchments in the northern Tien Shan, Kazakhstan, using a conceptual hydrological
model HBV-ETH. Their results suggest that peak flow in the region occurs in the first
quarter of the 21st century. Glaciers are projected to lose 34—39 % of their area by 2095.
Total river discharge in July—August is projected to decline by 20-37 % in the catchments
with low (2—4 %) glacierization by 2095. In the catchments with high glacierization
(16% and more), no significant changes in summer discharge are expected while spring
discharge is projected to increase.

The article by Rakhimova et al. (2020) based on Climate Elasticity Method and
General Circulation Model (GCM) concluded that changing climatic conditions would
influence the hydrological cycle in the Buqtyrma river basin. Authors calculated runoff
in three different elevation zones over the last 65 years (1950-2015) to detect variations
and clarify the effects of climatic factors on runoff in the Buqtyrma basin. The study
was split into two periods: period 1950-1982 and human-influenced period 1983-2015.
The impacts induced by climate change on runoff for the period 1950-2015 were as
follows: 70 % increase in the upstream, 62.11 % increase in the midstream and 15.34
% increase in the downstream areas. The impacts of human activities on runoff were
higher in the downstream area (84.66 %) than in the upstream and midstream areas.

In the paper by Didovets et al. (2021) the possibility of using the Soil and Water
Integrated Model (SWIM) for eight watersheds located in Central Asia under the
conditions of climate change was studied. This paper considers two watersheds located
in Kazakhstan: the Zhabay river basin (Northern Kazakhstan) and the Bukhtarma river
basin (Eastern Kazakhstan), as well as the Aspara river basin, partially located on the
territory of Kyrgyzstan. The results obtained in this paper indicate a clear trend towards
an increase in runoff in Zhabay. Seasonal changes are characterized by a shift in the
peak flow of the river up to one month, a reduction in the period of snow accumulation,
and a decrease in water flow in the summer months.

The article by Lobanova et al. (2021) analyzes how the impact of climate change
on the hydrological regime and temperature regime can affect irrigated agricultural
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production in the Aspara (located partly in Kazakhstan and partly in Kyrgyzstan) and
Isfara (in Tajikistan and Kyrgyzstan) river basins. Modelling results using SWIM and
climate change scenarios (RCP4.5 and RCP8.5) show that climate change will create
adverse conditions for irrigated spring crops due to reduced water flow during the
growing season. On the other hand, the projected shift of peak flow to an earlier date
benefits irrigated winter crops by providing more water for spring irrigation.

Our current study aims at assessment of the possibility of using the model SWIM
for modelling river discharge of the Oba and Ulbi rivers. In spring, high flows on rivers
originating in mountains could be dangerous, leading to risk of flooding. As modelling
and prediction of high flows and floods are very important for our study region, the ability
of SWIM to reproduce high flows should be also checked. Therefore, specific objectives
were threefold: (1) to assess the performance of the WATCH Era Interim meteorological
data (Weedon et al., 2011) in comparison with the observational meteorological data in
the study area, (2) to evaluate results of calibration and validation of SWIM driven by
the WATCH Era Interim data in comparison with the measured discharge data in the
Oba and Ulbi, and (3) to compare the high flow indices Q5 and Q10 corresponding to
95" and 90" percentiles of water flow, respectively, estimated for every year based on
the simulated and observed time series for the both rivers.

Study Area. The rivers Oba and Ulbi located in the eastern part of Kazakhstan (Fig.
1) are the right-hand tributaries of one of the main rivers in Kazakhstan, Irtysh, which is
the chief tributary of the Ob River. The Oba is formed from the confluence of the Black
and White Oba rivers, and the Ulbi is formed from the confluence of the Gromotukha
and Tikhaya rivers, all four originating in the mountains of the Western Altai. The main
characteristics of the Oba and Ulbi river basins are given in Table 1. The glaciers are
located in the highland parts of the catchments and occupy 0.05 % and 0.04 % of the
total catchment areas of the Oba and Ulbi, respectively. The rivers are mainly fed by
snow melting (up to 50 %), and also from glaciers melting and precipitation. A stable
ice cover in both rivers is formed in November — December, and it melts in April.

The climate in the basins is continental with cold winters and hot summers. The
average annual temperature is about 7°C, the average temperature in January is about
-15.3°C, and 20.5°C in July in the lower part of the basins, which was estimated as
average values from three stations located in lowland (Fig. 1). The distribution of
precipitation over the catchment areas is not uniform: it is varying from 300 mm a’!
in the lowland part of the basins (steppe zone) to 1000-1200 mm a™' in the highlands.
About 6075 % of the annual precipitation over the area occur in the warm season
(April to September) reaching about 600—800 mm in highlands during this period.

The major land use types in the considered river basins are represented by cropland,
forest and grassland (see Table 1).
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Fig. 1. The Oba and Ulbi river basins
Table 1 - The main characteristics of the Oba and Ulbi river basins
Oba Ulbi
Catchment area, km? 8888 4858
River length, km 278 100
Mean discharge, m®/s 164 88
(1984-2010)
Elevation, max and mean, m 2622 2722
1195 1201
Gauging stations close to the river mouth Shemonaikha Ulbi Perevalochnaya
Dominant land use types (in % of the total basin area) | forest (42%) grassland (34%)
cropland (27%) cropland (30%)
heather (17%) heather (20%)
grassland (13%) forest (15%)

Materials and methods

Input datasets. For calibration and validation of the SWIM model the following
input data are needed: topographic map, land use map, soil map with soil parameters
and daily meteorological data, as well as river discharge data for comparison with the
simulated discharge. All the required time series were obtained for the period from 1962

to 2016.

For topographic data, a Digital Elevation Model (DEM) with 90 m-resolution obtained
from the Shuttle Radar Topography Mission website was used. The land use data were
obtained from the CORINE Land Cover database, and soil data were downloaded from
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the European Soil Data Centre. Based on the DEM, sub-basins (43 for the Oba and 23
for the Ulbi) were delineated for two study catchments. By overlaying the sub-basin,
land use and soil maps using GRASS GIS program, an additional map of hydrotopes
within each sub-basin with their unique soil and land use types was generated as input
for the SWIM model.

Hydrological data consists of daily water discharge, which was collected for the gauge
stations located in the villages Shemonaikha (289 m a.s.l.) and Ulbi Perevalochnaya
(322 m a.s.l.) (see Fig. 1) for the Oba and Ulbi rivers, respectively.

The network of meteorological stations in the study area is sparse: there is only
one station, Leninogorsk (809 m a.s.l.), in the Ulbi catchment and one close to it,
Ust-Kamenogorsk (287 m a.s.l.), and one station in the outlet of the Oba catchment,
Shemonaikha (310 m a.s.l.) (Fig. 1), and there are no stations in the mountainous parts.
Therefore, it was decided to use the WATCH Era-Interim reanalysis climate data (ERAIL
Dee et al., 2011) which can be easily applied as input by SWIM. The WATCH data
averaged on the daily basis cover the entire globe at 0.5° horizontal resolution, and 18
grid points are located within or close to our study area. In our study the following daily
WATCH data were used: average, maximum and minimum temperatures, precipitation,
wind speed, air humidity and solar radiation.

Before using the WATCH data for modelling, an analysis of comparability between
the data derived from three meteorological stations and the virtual meteorological stations
(WATCH) located close to them was done. The meteorological data: daily temperature
and precipitation were collected from the three meteorological stations and downloaded
from the WATCH website (see Weedon et al., 2011). The correlation analysis between
these two datasets was conducted for the period from 1980 until 2016. The locations of
all considered meteorological and hydrological stations are shown in Fig. 1.

SWIM model. The Soil and Water Integrated Model (SWIM) is an eco-hydrological
process-based model for modelling hydrological processes, vegetation and nutrient
cycling processes at the river basin scale. SWIM is based on two previously developed
models: SWAT (Arnold et al., 1993) and MATSALU (Krysanova et al., 1989). A
detailed description of the model is presented in Krysanova et al. (2000). The input data
of the model are daily precipitation, solar radiation, relative air humidity, and minimum,
maximum and average air temperatures. The model uses a three-level disaggregation
scheme: basin - sub-basins - hydrotopes. The hydrotopes are homogeneous spatial sets
of units within a sub-basin obtained by overlaying sub-basin, soil and land use maps.
The model has been successfully applied to many river basins in Europe, Asia, Africa
and America (Krysanova et al., 2015; Didovets et al., 2019; Didovets et al., 2021; Koch
et al., 2013; Liersch et al., 2018; Lobanova et al., 2021).

Calibration and validation. The reliability of results of hydrological watershed
models is directly dependent on their performance, which is usually tested applying
a calibration and validation procedure using measured data for comparison with the
simulated model outputs. The calibration is usually a search for a single optimal set of
parameters. The calibration requires time series of river discharge and meteorological
data for 5-10 years, and the calibration period should include various hydrological
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years, both wet and dry. Various criteria of fit are used to assess the consistency of
the simulated river flow in comparison with the observed river flow, such as visual
assessment and statistical criteria. In our study, two statistical criteria were used to
assess relationship between the simulated and observed discharges: the Nash—Sutcliffe
efficiency (NSE) (Nash and Sutcliffe, 1970) and the relative volume error (RVE):

_ ZI:l(Qobs - Qsim)2

NSE =1 —
{:1(Qobs - Qobs)2

RVE = (ZSE— 1) + 100

obs

where Qobs is the observed monthly or daily discharge, Q. is the mean of
observed monthly or daily discharge, Qg;m is the simulated monthly or daily discharge
and Qgm is the mean of the simulated monthly or daily discharge. The NSE is an
efficiency criterion, which relates a sum of squared differences between the observed
and simulated discharges to the variance of the observed discharge, and it varies from
minus infinity to 1.0, where 1.0 indicates a perfect fit. The RVE is the total deviation
between the observed and simulated volumes of water discharged, expressed in percent,
and it can vary from —100 to +inf, where 0 indicates a perfect fit. After the calibration,
validation is performed for another, independent period.

In our case study, the calibration was carried out for the Oba and Ulbi rivers
based on observational data from the hydrological stations Shemonaikha (Oba) and
Ulbi Perevalochnaya (Ulbi) for the period 1962-1971, and validation for the period
1972-2016. For the Ulbi river basin, the year 2002 was excluded due to the lack of the
observed discharge data. The calibration was firstly done manually, with a sequential
refinement applying the automatic calibration tool PEST (Doherty, 2002). The
calibration included refinement of nine parameters, which were constant over the entire
basin: evapotranspiration correction coefficient, base flow factor, groundwater delay
factor, two routing coefficients, two parameters related to snow fall and snow melt, and
precipitaiton and temperature elevation correction factors.

Results

Comparison of observational climate data with WATCH. The comparison of annual
precipitation and average daily temperature between the observational time series from
three meteorological stations and the nearest to them WATCH grid points was assessed
for the period of 1980—-2016. The results of the correlation analysis are presented in Fig. 2.
According to the obtained results, a high correlation between the observed and WATCH
annual precipitation was found for the Leninogorsk (R* = 0.79) and Shemonaikha (R* =
0.81) stations. A lower correlation between those two data sets was estimated for Ust-
Kamenogorsk (R? = 0.53), which can be explained by the large difference in altitude
between the centre of grid point (659 m a.s.1.) and the Ust-Kamenogorsk meteorological
station (287 m a.s.l.). The comparison of observed daily temperature with that in the
WATCH time series showed a strong correlation for all three stations, with R? varying
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from 0.95 to 0.97 (see Fig. 2). A quite high correlation between the observed time series
and the WATCH data suggests that the meteorological parameters from WATCH with
better spatial distribution (18 grid points) can be applied in SWIM for calibration/
validation and further analysis.

Lesmogersk H=8F m ol Lse-Bamicaogersk H=2ET @ ol Shemsngihiali=} 0 m sl
2 o] H=130% m sl Coril =659 a0 Coried 11=58% m as.l

Fig. 2. Comparison of annual precipitation (a) and average daily temperature (b) of the WATCH climate
data with the observed climate data for Leninogorsk, Ust-Kamenogorsk and Shemonaiha stations in the
historical period 1980-2016

SWIM calibration and validation. Figures 3 and 4 show a comparison of the simulated
and observed discharges for the Oba and Ulbi rivers considering monthly dynamics in
the calibration period and in one of the validation sub-periods (left) and the long-term
mean daily dynamics during the whole calibration and validation periods (right). The
monthly dynamics is simulated quite well in the calibration period with NSE = 0.86,
and RVE = 5.6 % for the Oba river, and NSE = 0.84, and RVE = -0.2 % for Ulbi river.
The validation periods are represented by 2002-2011 for the Oba, and 1992-2001 for
the Ulbi showing sufficiently high performance as well (NSE = 0.92, RVE =-0.9% and
NSE = 0.96, RVE =-6.1 %, respectively).

The long-term average daily dynamics (Fig. 3 and 4, right) is also simulated quite well
for the both catchments. Both rivers have higher discharge from April to June with a
maximum at the end of April or beginning of May due to snow and glaciers melting and
higher precipitation during this period. For example, the maximum average monthly
discharge for the Oba and Ulbi were 1157 m?/s (in May 1979) and 767 m®/s (in May
1966), respectively. Other months are characterized by lower values of river discharge.
The minimum flow rates are observed in the winter months (4—11 m%/s in the Oba and
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7—10 m¥/s in the Ulbi), which is lower than in May by two orders of magnitude. We can
conclude that the SWIM model was able to reproduce well the monthly and long-term
mean daily dynamics of discharge for both studied river basins.

The results of calibration and validation in terms of criteria of fit are summarized in
Table 2. The calibration showed good fit of the simulated data with the observed ones
at Shemonaiha and Ulbi Perevalochnaya. The validation for both catchments was
performed for 1972-2016, separately for four decades 1972—1981, 1982—-1991, 1992—
2001, 2002-2011 and for 2012-2016 (excluding year 2002 for the Ulbi). The validation
results with the monthly time step for two basins are “very good” (NSE higher or equal
0.86 for the Oba and higher or equal 0.88 for the Ulbi) according to the classification of
Moriasi et al. (2007) in all validation sub-periods.

Table 2 - The Nash-Sutcliffe efficiency and Relative Volume Error values for the calibration and
validation periods with the monthly and daily time step for the case study basins.

River Time period Nash-Sutcliffe | Relative volume | Nash-Sutcliffe | Relative
Efficiency Error, % Efficiency volume Error,
(monthly) (monthly) (daily) % (daily)
Oba
Calibration | 1962-1971 0.86 5.6 0.76 5.7
Validation |1972-1981 0.9 -2.9 0.8 -3.0
1982-1991 0.89 -13.2 0.8 -13.2
1992-2001 0.86 22 0.74 22
2002-2011 0.92 -0.9 0.81 -0.9
2012-2016 0.94 -9.6 0.9 -9.6
Ulbi
Calibration |1962-1971 0.84 -0.2 0.76 -0.02
Validation |1972-1981 0.92 -4.2 0.84 -4.2
1982-1991 0.91 -3.1 0.83 -3.0
1992-2001 0.9 -3.2 0.82 -3.1
2003-2011 0.96 -6.1 0.87 -6.0
2012-2016 0.88 -3.8 0.87 -3.8

The calibration and validation results show a good agreement between the simulated by
SWIM and observed discharges, and a possibility of using reanalysis data WATCH Era
Interim for hydrological modelling in the study area.
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Fig. 3. Comparison of the simulated and observed discharges for the Oba river showing monthly
dynamics in the calibration period and in one of the validation sub-periods (left) and the long-term mean
daily dynamics during the whole calibration and validation periods (right).
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Fig. 4. Comparison of the simulated and observed discharges for the Ulbi river showing monthly
dynamics in the calibration period and in one of the validation sub-periods (left) and the long-term mean
daily dynamics during the whole calibration and validation periods (right).
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Simulation of high flow indices Q10 and Q5. As the Oba and Ulbi originate in high
mountains (> 2700 m a.s.l.), high flows in spring could be very dangerous, and the
risk of flooding there is pronounced. The time of onset of the maximum flow level
depends on the combination of factors such as time of the beginning of snowmelt and
intensity of its development, intensity of temperature rise throughout the catchments,
and liquid precipitation. Therefore, we investigated the high flow indices Q10 and Q5
corresponding to 90" and 95" percentiles using the calibrated and validated model
SWIM, and compared them with those estimated from the observed time series. These
indices are robust indicators for high flows. Q10 is the flow in cubic metres per second
which was equalled or exceeded for 10% of the specified term (one year, decade, etc.),
and Q5 is the flow equalled or exceeded for 5 % of the time. A positive (negative) trend
in Q10 and Q5 means an increase (reduction) in flood hazard, with Q5 being more
informative for more extreme hazards.

In our study we compared how well the model SWIM can reproduce the high flow
indices in the whole historical period 1962-2016. For that, the Q10 and Q5 indices
were estimated for every year in the whole period based on the observed discharge data
and the simulated time series. Figure 5 shows the relationships between the high flow
indices Q10 and Q5 based on the observed and simulated time series for both rivers in
the period 1962-2016.
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Fig.5. Relationships between the high flow indices Q10 and Q5 based on the observed data and the
simulated with SWIM time series for the Oba (a) and Ulbi (b) rivers in the period 1962-2016
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As one can see in Fig. 5, the correlation coefficients between the high flow indices
estimated from the simulated and observed discharge data are quite high. This confirms
that the model is suitable for reproducing not only daily and monthly dynamics of river
discharge, but could be also applied for predicting high flows and maybe also floods,
though the latter case requires an additional verification.

Discussion

This study was aimed in accessing the possibility of applying the SWIM eco-
hydrological watershed model for two river basins located in Eastern Kazakhstan, the
Oba and Ulbi. The SWIM model has been successfully calibrated and validated for both
basins, taking into account their climatic, hydrological and geophysical heterogeneity.
The results of the calibration and validation showed a close relationship between the
modeled and observed data, with quite high NSE values and low bias.

In the paper by Didovets et al. (2021), the modelling with SWIM was carried out
for the Zhabai and Bukhtarma river basins in Kazakhstan, which also showed good
simulation results. Compared to this work, our study included a longer observation
period. The NSE criterion when using monthly data has averaged to 0.91, and with
daily data to 0.83. The NSE for the 1992-2001 validation sub-period for the Oba basin
showed the lowest value of 0.74.

The analysis of the 90th and 95th percentiles (Q10 and Q5 indices) for the period of
1962-2016 for both the modeled and observed discharges showed a close relationship
with quite high coefficients of correlation. A similar comparison of the high and low
discharge percentiles was performed for eight river basins in Europe (Lobanova et al.,
2018).

The main problem related to hydrological modelling in our two basins was insufficient
number of meteorological stations in the study area. There are only three stations
within or close to our catchment areas, and no stations at all in the hard-to-reach high-
mountainous part. The authors of the article by Didovets et al (2021) faced the same
problem. For this reason, WATCH reanalysis data was used as input to the model after
preliminary checking. The comparison of the annual precipitation and average daily
temperature between the data from the existing stations and the WATCH data showed
close relationships, enabling application of the reanalysis data for the modelling.

Also other reanalysis data were used for modelling in this region. For example, the
authors of the article by Changkun et al, (2015) used the APHRODITE dataset for the
Chu river basin in Central Asia. Mingyong Cai et al. (2014) applied the multi-source
spatial data with the Distributed Time-Variant Gain Model (DTVGM) for the Ili river
basin to study changes in the hydrological regime. Their distributed hydrological model
had good performance on the monthly time scale, and its simulation results can be used
for water resource analysis.

Conclusions

In this study the SWIM model was applied for the Oba and Ulbi river basins,
the main tributaries of the Irtysh River. The comparison of the WATCH Era Interim
meteorological data with the observational meteoroloical time series done for the
period of 1980-2016 showed satisfactory results. Especially, a very good agreement

71



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

between the modelled and observed daily average temperatures at three meteorological
stations (with R? higher than 0.96) was found. The correlation coefficients for the annual
precipitation sums were slightly lower (R? from 0.60 to 0.95), which might be related to
the differences in the altitudes of the compared points.

The calibration and validation of the SWIM model conducted for the period of 1962
to 2016 showed that the SWIM model can be a reliable instrument for simulation of
river discharge of the Oba and Ulbi rivers. In addition, the analysis of high flow indices
Q10 and Q5 based on the simulated discharge showed a close relationship with the same
indices based on the measured discharge data.

The results of this work can be used to recover data gaps and as an additional source
of hydrological data over the region with sparse observational network. The calibrated
and validated SWIM model could be also applied for hydrological prediction in the
coming decades. The results of the successful application of the SWIM model for the
Oba and Ulbi river basins provide an opportunity to work further on river flow modelling
in these basins, and to do climate and land use change impact assessment. Besides, the
results of this work can be applied for planning water management activities in the
region under study, including the planning of water releases from the Shulbi reservoir
for more efficient use of water resources in the region, taking into account the needs of
agriculture and the Shulbinsk HPP. They can also be used for assessing river flow of
the studied river basins, for developing environmental measures, and for preparation of
intergovernmental agreements.
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