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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pephepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Groundwater flow is a key component of the hydrological
cycle, particularly in arid and semi-arid regions, where it represents one of the most
reliable sources of freshwater and plays a critical role in maintaining river baseflow,
ecosystems, agricultural production, and water supply. In Kazakhstan, increasing
climate variability, rising air temperatures, changing precipitation patterns, and
intensifying anthropogenic pressures, including groundwater abstraction and land-
use transformation, have significantly affected groundwater recharge, storage and
distribution. These changes create growing uncertainty regarding the availability of
renewable groundwater resources and highlight the need for improved approaches
to their regional assessment and sustainable management. Objective. The study
is to regionalize groundwater flow in the watersheds of Western and Northern
Kazakhstan and to identify the natural and anthropogenic factors controlling it
is spatial variability. Methods. The methodology combines hydrogeological data
with analysis and assessment of climate and anthropogenic change trends in
groundwater basins. Spatial analysis and assessment of watersheds were used to
assess groundwater flow variability and identify controlling factors. Results. The
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studies reveal marked spatial unevenness in groundwater flow within watersheds,
driven by climatic gradients, geological conditions, and human activities. Analysis
of climate trends indicates moderate variations in groundwater formation conditions
with regional characteristics, improves the accuracy of groundwater resource
assessments and identifies priority zones for sustainable water use. Conclusions.
Zoning groundwater resources provides an effective basis for assessing the
interactions between surface and groundwater within the water management basins
of Western and Northern Kazakhstan. The hydrogeological structure of the study
area is characterized by a predominance of endorheic aquifers, which occupy 89.2%
of the territory, while platform artesian basins account for 91.5% of the total area.
Nationally, 74.4% of Kazakhstan’s territory is classified as closed groundwater
exchange basins, while only 25.6% drains toward the Kara Sea basin.

Keywords: groundwater flow, GIS, water resources management, Western and
Northern Kazakhstan
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AHHoOTauus. O3exminiei. JKepacTbl CylapbIHBIH aFbIHBI, dcipece KYPFaK jKoHe
KapTbUlail Kyprak alMaKkTap/ia, TUIpOoJIOT UsUIBIK LIMKJIA1H MaHbBI3/Ibl KypaMaac 0eJiri
peTiHe, TYIIBI CYAbIH HETI3Ti Cy Ko3/IepiHiH 0ipi ®koHe 03€HACP/IiH, IKOKYHETepIiH,
aybpl1 IapyallbUIBIFBl OHAIPICIHIH, COHAAW-aK CyMEH >aOJIbIKTayIblH HETi3ri
aFbIHBIH CakKTay/la MaHBI3Ibl PeJIiH aTKapywsl Oosbil TaObubLAbL. Kazakcranna
KJIMMATTBIH ©3TeprillTiriHiH apTybIMEH, aya TeMIlepaTypachlHbIH KOTepilyiMeH,
JKaybIH-IIAIIBIH PEKUMIHIH ©3repyiMEeH, JKepacThl CyJapblH alybIMEH KoHE Kepli
naiganaHynelH ©3repyiH Koca ajfaHzaa, )KOHEe aHTPOIOIEH/IK dcepiepliH apTybl
KEPacThl CyTapbIHBIH KaJIbIITACYbIHA, CAKTAIybIHA, TapalyblHa alTapiIbIKTai acep
ereni. by esrepicrep >kaHapTBHUIATBIH KEPACTBI CyJapbIHBIH KOJDKETIMALIIriHE
KATBICTBI OENriCi3/iK TyAbIpajabl )KOHE Olapibl alMaKThIK Oarajiay MEH TYpPaKThl
OackapyFra >KETUIIIpUIreH Tociiaep KaXeTTUliriH kepceremi. Maxcamul. batbic
xoHe Counrycrik KasakcTaHHBIH Cy IIapyalibUIbIFbl OaccelHIepiHAeri KepacThl
CYJIapbIHBIH aFbIHBIH aNMMaKTaHIBIPY MOHE OHBIH KEHICTIKTIK ©3TepTillTiriH
OackapaTblH TAaOWFM >KOHE AHTPOIOTeHIIK (aKTopyiapAbl aHbBIKTay. Odicmepi.
OxicTeMe THAPOTeONIOTHIIBIK ACPEKTEpi, KepacThl cyiaapbl OaccedHaepiHaeri
KIIMMATTBIK )KOHE aHTPONOTeHAIK ©3repicTepliH YPAICTEPiH Tajiay MeH Oaranay/bl
Oipikripeni. JKepacTbl cymapbl arbIHBIHBIH ©3TEPTilTICIH OananayMeH >KoHe
0aKbUIBIYILBI (haKTOpIapAbl aHBIKTAY YINIH KEHICTIKTIK Taygay *oHe OaccelHmIiK
Oaranmay KonmaHeUinbl. Homuowenepi. 3epTreynep KIMMATTBIK TpalueHTTEpre,
reONIOTHSUIBIK JKarJaiyiapra J>KOHE aJaMHBIH iC-9peKeTiHe OalllaHBICTBI Cy
LIapyalbUIbIFbl OacceHAEePIHET] KepacThl CyJIapblHbIH aFbIHBIHBIH KeHICTIKTIK
Oipkenki emecTirin kepcereni. KimmarTelK ypaicTepaiH Tajjaybl alMakThIK
epeKUIETIKTep] OOMBIN KeJICTIH KepacThl CyJapbIHbIH KAJIBIIITACy JKaFdaiIapblHbIH
opTamia e3repiCTepiH KepceTeai, COHIAi-aK >KepacTbl CyJapbl pPecypcTapbiH
Oaranay/iblH JOJAICIH JKaKcapTalbl )KOHE TYPAKThl Cy[dbl HaijanaHyablH OachiM
OarbITTapblH aHBIKTaWAbl. Kopuimouinowl. JKepacTbl CyaapbIHBIH PeCypCTapbiH
aiimakrapra Oemy MakcartbiHga bareic sxkoHe Cornycerik KaszakcraHHBIH cy
LIapyalbUIbIFbl OaccelHAepiHaeri Kep YCTi JKOHE JKepacThl CyJapbhIHBIH ©3apa
opekeTTecyiH Oarayiay YLIIH THIMAI Heri3 Oosnbin Tabbuianbl. 3epTTey aiMarbIHBIH
THJIPOTEOJIOTUSIIBIK, KYPBUIBIMBI ayMaKThIH 89,2%-bIH aJIbINl JKaTKaH SHAOPEUIIiK
KepacTbl CyJlbl TOPU3OHTTAPbIHBIH OacblM OOJybIMEH CHIATTalaibl, al
aTGopMalIbIK apTe3nan dacceiHepi xKambl ayMakThIH 91,5%-bIH aJiblI sKaThIp.
Kanmeryntreik genreiine Kasakcran aymarbiabie 74,4% xa0ObIK KepacThl aIMacy
Oecceitnaepine xaraapl, an Tek 25,6%-b1 faHa Kapc Teni3 OacceiiHine Kapail arbin
KaTKaH cynap OOJbIN KeJIe/i.

Tyiiin ce3nep: xepactsl arbiabl, [AX, cy pecypcrapsin 6ackapy, barsic xxone
Conrycrik Kazakcran
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AunHoTaums. AxmyanvHocms. I1loA3eMHBIM  CTOK  SABJISIETCS  KITFOYEBBIM
KOMITOHEHTOM THPOJIOTHYECKOTO IHKJIA, OCOOCHHO B 3aCyIIIMBBIX WU TOTy3a-
CYIUIMBBIX PErHOHAaX, IJIe OH MPEICTaBIsAeT coO00i oMuH M3 Hanbolee HAAEKHBIX
WCTOYHUKOB MPECHOW BOJBI U UTPACT BAXKHYIO POJb B TOJAJCPKAHUH 0a30BOIO
CTOKa pEK, YCTOWYMBOCTH IKOCHUCTEM, CEIBCKOXO3SUCTBEHHOTO MPOU3BOACTBA U
BomocHaOkeHns. B Kazaxcrane ycunmuBaromascs KInMaTHIeCKass H3MEHIHUBOCTD,
TIOBBINNICHUE TEMITEpaTypbl BO3AyXa, HM3MCHEHHE pEXHUMa OCAJAKOB W POCT
AHTPOTIOTEHHOW HArpy3KH, BKIIIOYast OTOOp IOI3EMHBIX BOJ M TPaHC(OPMAIHIO
3eMJICTIONB30BaHUs, OKAa3bIBAIOT CYIICCTBEHHOE BIHUSHHE Ha (OPMHUPOBAHHE,
HaKOIUICHHE W TPOCTPAHCTBEHHOE pACIPEACIICHUE PECypCOB IMOA3EMHBIX BOJ.
OTU U3MEHEHHUsS TOBBIIIAIOT HEOIPEICIIEHHOCTh B OIICHKE JOCTYIHOCTH BO300-
HOBJISIEMBIX PECYpPCOB IMOM3EMHBIX BOA M MOTIEPKUBAIOT HEOOXOIUMOCTH COBEp-
IIIEHCTBOBAHUS ITOAXOM0B K MX PETHOHAIBHON OIEHKE W yCTOHYMBOMY YIIpaB-
nennto. [lens. IlpoBecTn paliOHHpOBaHHWE TOA3EMHOTO CTOKa B TIpeienax
BOJIOXO3WCTBEHHBIX OacceiiHoB 3amamHoro u CeepHoro Kazaxcrana wu
BBISIBUTH TIPUPOJIHBIC M aHTPOIOTCHHBIC (PAKTOPBI, OMPEICIISIONUE €ro IMpoc-
TPAaHCTBEHHYIO  M3MEHYMBOCTh.  Memodvl.  MeTOONOTHS  WCCIICIOBAHMS
00BeIMHNIIIA THIPOTCOTIOTHICCKIE JaHHBIC, TIPOCTPAHCTBECHHBIA aHAN3, a TAKKe
OTICHKY KJIMMATHYECKUX W aHTPONOTCHHBIX M3MCHCHHWM B TIpemeiiaX 0acceiHOB
MOJ3eMHOT0 CcTOoKa. /Jlimsi ompeneneHwWss TPOCTPAHCTBEHHOW HM3MEHYHBOCTH
MOJI3€MHOTO CTOKAa W BBISIBICHUS KOHTPOJIMPYIOMIMX (DAaKTOPOB IPOBEIACHO
COTIOCTABIICHUE THUAPOTCONIOTHUCCKUX, KIMMATHYCCKUX U BOJOXO35SHCTBEHHBIX
XapaKTEPUCTUK MCCISyeMbIX 0acceiHOB. Pe3yivmamspi. YCTaHOBJICHA BBIPAXKEH-
Has TIPOCTPAHCTBEHHAs HEPaBHOMEPHOCTh IIOA3EMHOTO CTOKa B TIpemesax
BOJIOXO3SICTBEHHBIX ~ OacceiiHOB, O0OYCJOBJICHHAs  KJIMMATHYECKUMHU  Tpa
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TUEHTAMH, TE€OJIOTHYECKUM CTPOEHHEM U aHTPOINOTEHHON JesITeIbHOCTBIO.
AHanu3 KIMMaTHYeCKUX TEHICHIWH BBISBUJ YMEpPEHHBbIE M3MEHEHHWS YCIOBUUN
(hopMHpOBaHHS PECYPCOB MOI3EMHBIX BOJ, XapaKTEPH3YIOIINECS PETHOHAIBHBIMU
pasnnuusamu. IIpoBenéHHOe paliOHMpOBaHKE MO3BOJIMIIO IOBBICUTH OOOCHOBAH-
HOCTb OIIGHKH PECYpPCOB IOA3EMHBIX BOJA U BBIJECIUTh NPHUOPUTETHBIE 30HBI
JUIl  yCTOHYMBOTO BOAONOJIB30BaHUA. Bwigo0vi. PailioHMpoBaHHME NOA3EMHOTO
cToka GOpMHUpYyeT HayYHO OOOCHOBAaHHYIO OCHOBY JJISI OLCHKH B3aHMMOJCHCTBUS
MOBEPXHOCTHBIX M MOA3EMHBIX BOJ B IpenesiaX BOIOXO3SHCTBEHHBIX OacceiHOB
3amagHoro u  Cesepnoro Kasaxcrana. Imaporeosormueckas cTpyKTypa
HCCIIelyeMOl TEPPUTOPUH XapaKTepU3yeTCsl 3HAYMTENbHOW J10Jel OeCCTOYHBIX
0acceilHOB MOI3eMHBIX BOJ, oxBarbiBatomux 89,2 % teppurtopun. Ilpum stom
iaTopMeHHbIe apTe3naHckue OaccelHbl 3aHuMaroT 91,5 % olmieli ruromaan
uccienyeMoi Tepputopud. B HammonambHOM Macmitade 74,4 % Tepputopun
Kazaxcrana oTHOCHTCS K 3aMKHYTBIM OacceifHaM MOA3EMHOTO CTOKa, TOT/a Kak
25,6 % TeppuTOpHH APSHUPYETCs B HanpaBieHnu Oacceitna Kapckoro mopst

KitoueBble cj10Ba: MOJ3EMHBIN CTOK; THAPOrEOJOTMYECKOe palOHUPOBAHNUE;
BOJOXO3sicTBeHHbIe Oaccelinbl; ['MC; ympaBieHwe BOTHBIMH pECypCcaMu;
3ananubii Kazaxcran; CeBepHblil Kazaxcran

Introduction. In the context of the increasing impact of climate change and
increasing anthropogenic pressure on water resources, the problem of sustainable
groundwater management is becoming particularly relevant, especially for arid and
semi-arid regions, which include a significant part of the territory of the Republic
of Kazakhstan. Groundwater flow is a vital component of the water balance,
providing river nutrition, ecosystem stability, and water supply for the population
and economic facilities. At the same time, it is spatial unevenness and sensitivity
to external factors require spatial analysis. (Smolyar, 2023; Margat and Gun, 2013;
Misstear et al., 2023).

The value of global groundwater flow, according to expert estimates, varies
between 12-14 thousand km?®/year, while the share of global water withdrawal is
only up to 8.3% (Famiglietti, 2014). Groundwater flow plays an important role in
assessing the resource potential of groundwater and characterizes the upper limit of
possible groundwater extraction over a long period without it is depletion (Link et
al., 2023; Luijendijkv, 2022; Eamus et al., 2016).

In arid and semi-arid regions, which cover about 30% of the Earth’s land surface,
the renewal of both surface water and groundwater resources is hampered by low
and scanty rainfall. Moreover, the majority of this territory consists of endorheic
areas, occupying more than 10% of Earth’s land area. Aquifers here are either
drained by streams in endorheic river basins or discharged by evaporation in closed
depressions. However, in arid and semi-arid regions, groundwater is usually the
only permanent source of water (Sagin et al., 2017; Manghi et al., 2009).

According, the unity of groundwater and surface water is reflected by
groundwater flow basins (GFB) or water exchange basins (WEB), which represent
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the continental hydrogeological structure of the drained part of the earth’s crust and
it is daylight surface, within the boundaries of which the water balance is formed
and the water cycle in nature is carried out (Zektser, 1977; Absametov et al., 2019).
Groundwater flow is formed in the drainage zone of the earth’s crust as a component
of the hydrological cycle of the water cycle in nature, determined by the hydraulic
potential of the earth’s surface relief and structural and hydrogeological features.
The upper hydrodynamic zone, called the zone of active or free (intensive) water
exchange, appears to be the most important (Vsevolozhsky, 1983; Carletti et al.,
2019; Jasechko et al., 2024).

Western and Northern Kazakhstan are characterized by complex hydrogeological
conditions, significant variability of climatic parameters and the increasing
influence of economic activity, including water extraction, agriculture and industrial
development of the territories. Under these conditions, traditional approaches to
assessing and zoning groundwater flow, based primarily on stationary observations,
prove insufficient to adequately take into account the spatiotemporal variability of
groundwater formation processes (Absametov et al., 2016; Smolyar et al., 2012).

Modern geographic information systems (GIS) and spatial analysis methods open
up new opportunities for integrating heterogeneous data, including hydrogeological,
climatic and anthropogenic factors, which allows for increasing the accuracy and
informativeness of assessments. Despite this, issues of comprehensive zoning of
groundwater flow taking into account climate trends and anthropogenic impacts for
the territory of Kazakhstan remain insufficiently developed, especially at the level
of water management basins (Smolyar, 2023; Botter et al., 2007).

In this regard, the purpose of this study is to apply the approach of integrated
zoning of groundwater flow and analysis of climatic trends for the conditions of
Western and Northern Kazakhstan. The study addresses the following objectives:
(1) substantiation of the methodology for zoning groundwater flow taking into
account natural and anthropogenic factors; (2) analysis and assessment of climate
change and it is impact on the formation of groundwater flow; (3) spatial assessment
and mapping of groundwater flow in water management basins.

The scientific novelty of the work lies in the analysis and assessment of trends in
climatic and anthropogenic changes in groundwater basins, as well as in the choice
of'a methodology for zoning the territory by flow basins, which makes it possible to
clarify the patterns of it is formation and spatial distribution, as well as to increase
the reliability of the assessment of renewable groundwater resources. The practical
significance of the study lies in the possibility of using the obtained results to
improve the water resources management system and justify water management
decisions at the regional level.

Materials and methods. This article presents methodological approaches to
zoning Kazakhstan’s territory by groundwater basins, including the justification and
selection of zoning criteria, analysis and assessment of climate and anthropogenic
change trends within groundwater basins, justification and selection of methods
for regional assessment and mapping of groundwater, and the development of a
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geoinformation and analytical subsystem for presenting groundwater assessment
results. The results obtained are used to refine the values of renewable resources
and regional forecast resources of fresh and low-mineralized groundwater.

Results and discussion. The unity of groundwater and surface water is reflected
in groundwater flow basins, or “water exchange basins”, which the continental
hydrogeological structure of the drained portion of the earth’s crust and it is surface,
within whose boundaries the water balance is formed and the natural water cycle
occurs. Hydrogeological zoning by groundwater flow basins involves identifying
groundwater flow basin types and establishing the taxonomic rank of these basins
(Zektser, 1977). The water exchange basin zoning map is combined with structural-
hydrogeological and geomorphological zoning maps, which provides a reflection
of the relationships between groundwater flow basins and hydrogeological and
geomorphological structures (Vsevolozhsky, 1983).

Hydrogeological zoning by groundwater flow basins (GFB) involves identifying
types and establishing the taxonomic rank of basins. The boundaries and structure
of groundwater catchments are determined by the relief, which was formed under
the influence of the structural and geological development of the region. This
development was determined by tectonic geodynamics, as well as the formational
composition and lithofacies changes of the rocks composing the corresponding
catchments. Types of water exchange basins (WEB) include continental, regional
(simple and complex), subregional (components of complex regional basins),
local, and elementary, reflecting differences in the drainage patterns of the
hydrogeological section of the corresponding drainage hydrographic network and
the determinacy of groundwater flow by various hydrodynamic zones (Smolyar et
al., 2002; Absametov et al., 2019).

In accordance with the accepted classification as shown in Table 1, there are five
main types of water exchange basins: continental, regional, subregional, local and
elementary. Their distinction is based on the scale of hydrogeological systems, the
composition of hydrogeodynamic zones involved in water exchange, as well as the
peculiarities of the formation and direction of groundwater flow.

Continental water exchange basins are the largest hydrogeological systems
and encompass all hydrodynamic zones of artesian basins, including zones of
free, impeded, and slow water exchange. They are characterized by complete
hydrodynamic zonation and groundwater discharge into seas and oceans.
Groundwater flow is represented by both descending and descending-ascending
flows in the free water exchange zone, and ascending pressure flows in deep
hydrodynamic zones (Smolyar et al., 2012; Zektser, 1977).

Regional water exchange basins form within the free-flow zones of large artesian
basins and foothill depressions. Their boundaries are determined by the location
of regional aquicludes and the characteristics of hydrogeochemical zonation.
The structure of groundwater flow is dominated by descending and descending-
ascending flows, with limited connection to deeper water exchange zones through
tectonic faults.
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Subregional basins represent a lower taxonomic level and are formed within
a zone of free water exchange drained by a regional hydrographic network. They
are characterized by a layered structure due to the alternation of aquifers and
confining horizons. Groundwater flow is primarily localized within the basin, and
groundwater transit is weak (Vsevolozhsky, 1983; Absametov et al., 2016).

Local water exchange basins correspond to the catchments of small rivers
and encompass primarily unconfined and, to some extent, subconfined waters of
the free water exchange zone. Within these basins, downward groundwater flow
predominates, and the volume of drained water is comparable to or greater than the
volume of transit flow.

Elementary basins are the smallest structural units of zoning and are formed
within the boundaries of marginal-order watersheds. They are characterized by the
development of downward groundwater flow in a zone of free water exchange, with
the amount of drained flow usually less than the transit flow.

Due to the fast that within the elementary and local water exchange basins a
significant amount is transit flow, which is discharged into regional or subregional
water exchange basins, the total volume of groundwater flow of the elementary
flow basins is not equal to the amount of groundwater flow of the local flow basins,
and the sum of the flow of the latter is not equal to the total groundwater flow of the
regional flow basin (Smolyar et al., 2012).

The presented classification reflects the hierarchical structure of water exchange
basins and allows for territorial zoning with varying levels of detail. Balance areas
of subsequent orders can be the distribution areas of individual aquifers, including
areas of recharge, transit, and discharge of groundwater. Detailed studies identify
smaller structural units, such as river valleys and their individual sections, as well
as areas of development of various types of groundwater, including karst massifs,
alluvial, alluvial-proluvial, and fluvioglacial deposits. This approach ensures, a
consistent transition from regional analysis to a local assessment of the conditions
of groundwater formation and movement.

The hydrogeological zoning map for water exchange basins is combined
with structural-hydrogeological and geomorphological zoning maps, which
provides, a representation of the relationships between water exchange basins
and hydrogeological structures, as well as between water exchange basins and
geomorphological regions. This approach allows us to establish spatial patterns of
groundwater formation, movement, and discharge, as well as determine the influence
of geological structure and topography on water exchange conditions. This creates
aunified basis for identifying hierarchically subordinate water exchange basins and
assessing groundwater flow characteristics at various territorial levels.

The territory of Kazakhstan, according to the conditions of formation and
distribution of surface river runoff, is divided into two large basins: the open
basin of the Arctic Ocean (Kara Sea) and the endorheic basin of internal runoff
(Absametov, 2016).

The internal flow basin is divided into 4 endorheic basins: the Caspian Sea
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basin, the Aral Sea basin, the Balkhash-Alakol basin and the basin of lakes Teniz
and Karasor (Smolyar et al., 2012).

According to the water management and administrative zoning of surface water
resources on the territory of Kazakhstan, eight water management basins have
been identified: Zhaiyk-Caspian, Tobyl-Torgai, Yesil, Shu-Talas, Aral-Syrdarya,
Balkhash-Alakol, Ertis and Nura-Sarysu (Sagin et al., 2017; Smolyar, 2023).

The zoning scheme of water exchange basins taking into account water
management zoning is presented in Figure 1. Three continental water exchange
basins are distinguished: the open Kara Sea, the clothed endorheic Caspian and
Aral; two regional water exchange basins: the closed endorheic Balkhash-Alakol
and Nura-Teniz.

WATER EXCHANGE BASINS
WEB Kara Sea (open)  Aral WEE (chosed)

Caspian s
WEB(dosad) L ™ [T Syrbana Balkfash-la
[ vesisky [ Torgaysky WEB (closed)
[ Yertisshy [] sarysusky T Mura-Tenizsk
[] snu-Talassky T WEB(closed)

Figure 1. Map of water exchange basins in Kazakhstan.

The largest is the continental Aral water exchange basin (30.7% of the country’s
territory), while the share of the regional Nura-Teniz water exchange basin is 5.6%

(Table 1).

Table 1. Zoning of water exchange basins (WEP) in Kazakhstan.

Type of water exchange basin (WEB) Square
thousand km? %

Continental of the Kara Sea (open) 696.24 25.6
Continental Caspian Sea (closed) 640.88 23.5
Continental Aral Sea (closed) 836.69 30.7
Regional Balkhash-Alakol (closed) 397.66 14.6

Regional Nura-Teniz (closed) 151.48 5.6
Total for the Republic Kazakhstan 2722.95 100.0
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Table 1 show the distribution of Kazakhstan’s territory by type of water exchange
basin, which characterizes the directions of surface and groundwater flow, as well as
the degree of hydrological connection between the territory and the World Ocean.
There are five main water exchange basins within the Republic of Kazakhstan,
covering a total area of 2722,95 thousand km? (Absametov, 2016).

The Kara Sea continental water exchange basin (open) occupies 696.24 thousand
km?, or 25.6% of the country’s territory. It includes the Irtysh, Ishim and Tobyl river
basins, whose waters are connected to the Arctic Ocean via the Ob-Kara Sea River
system. This type of basin is considered open because it provides external flow
beyond Kazakhstan’s borders and a connection to the World Ocean.

The continental Caspian water exchange basin (closed) covers 640.88 thousand
km?, or 23.5% of the country’s territory. It includes the basins of the Ural and Emba
rivers and other watercourses flow into the Caspian Sea. Despite it is considerable
size, the basin is considered closed because the Caspian Sea has no natural outlet to
the ocean and is the largest endorheic body of water in the world.

The continental Aral Sea basin (closed) is the largest in Kazakhstan, covering
836.69 thousand km?, or 30.7% of the country’s territory. It includes the Syrdarya,
Shu and Talas River basins, as well as other watercourses. The final recipient of the
Aral Sea’s flow is an internal endorheic body of water. A significant portion of the
basin is characterized by an arid climate and a high dependence of water resources
on transboundary inflows (Smolyar et al., 2002).

The Balkhash-Alakol regional water exchange basin (closed) occupies 397.66
thousand km?, or 14.6% of the country’s territory. The main water bodies are Lake
Balkhash, the Alakol lake system and the Ili River. The basin has no ocean outflow
and is characterized by internal water exchange, determined by the interaction of
surface and groundwater within the lake system.

The regional Nura-Tengiz water exchange basin (closed) is the smallest in area,
occupying 151.48 thousand km?, or 5.6% of the country’s territory. It includes
the Nura and Sarysu river basins, within flow into endorheic lakes, primarily the
Lake Tengiz system. Water exchange here occurs exclusively within the internal
hydrographic system (Sagin et al., 2017).

The continental Caspian water exchange basin (Zhaiyk-Caspian water
management basin) covers almost the entire territory of Western Kazakhstan within
the West Kazakhstan, Atyrau, Mangistau and western half of Aktobe regional and
occupies 23.5% of the country’s area. The hydrographic network of the basin is
represented by the Zhaiyk River and it is tributaries; small endorheic rivers flowing
to the Zhaiyk River; the basins of the Zhem, Sagiz and Oyil rivers, as well as other
rivers of the Volga and Zhaiyk interfluve, and the northern and eastern coasts of the
Caspian Sea. The average long-term surface water resources of the Zhaiyk-Caspian
water management basin are estimated at 11.23 km?®/year; and in low-water year —
up to 3.0 km*/year (Smolyar, 2023; Absametov et al., 2019).

The Caspian water exchange basin has been regionalized according to the
described methodology. The water exchange basin zoning map is combined
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with structural-hydrogeological and geomorphological zoning maps, which
provides a reflection of the relationships between groundwater flow basins and
hydrogeological and geomorphological structures. Within the endorheic Caspian
continental groundwater basin, the following have been identified: 1 regional
(Zhaiyk), 4 subregional (Kigash, Oiyl, Zhemsk and Sagiz), and the Aral-Caspian
endorheic zone (Figures 2).

Caspian water
exchange basins, %
4,8

37,1

e

Subregional Kigash
= Regional Zhaiyk
= Subregional Oyilsky
= Subregional Zhemsky
= Subregional Sagyz
Aral Sea drainless zone

Figure 2. Caspian continental basin groundwater flow.

The continental endorheic Caspian water exchange basin is located at the
junction of three major geological structures: the Russian Platform, the Turan Plate,
and Ural Mountain-folded region. Hydrogeologically, the territory encompasses
three regions: the East Russian, Scythian-Turanian, and Taimyr-Ural (Table 2), and
in accordance with the geomorphological zoning of the territory of Kazakhstan,
the continental Caspian water exchange basin covers 3 geomorphological regions:
the Caspian syneclise, the Turan plate and the folded region of the Southern Ural
and Mugalzhar, within which 11 geomorphological regions are distinguished. The
names of the geomorphological region within the geomorphological regions are
presented in Table 2 (Smolyar et al., 2002; Absametov, 2016).
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Table 2. Hydrogeological and geomorphological zoning of the continental endorheic Caspian

WEB (Zhaiyk-Caspian WMB).

Hydrogeological zoning

Regions. Unconfined
and confined water basin

Provinces. Groundwater basins of
the first order (complex basins of

Subprovinces. Second-order
groundwater basins (confined

systems unconfined and confined waters) and subconfined water basins)
Eastern European basin Russian complex basin Syrtov basin
system The Caspian complex basin North-Caspian basin

Zhem basin

Donguztau-Predmugalzhar basin

Preural complex basin

South-Preural basin

Taimyr-Ural basin system Bolsheural complex basin Ural basin
Scythian-Turanian basin Ustyrt complex basin Shalkar pool
system North Ustyrt formation water
basin

Bozashin formation water basin

Amudarya complex basin

South Mangistau basin

Assakeaudan basin

Mangystau complex basin

Central Mangistau basin

Prearal-Turgai-Shu-Sarysu basin

North-Prearal basin

Geomorphological zoning
Geomorphological district
South of the denudation plateau General Syrt
Accumulative plains of the Caspian lowland
Zhaiyk-Zhem denudation plateau

Geomorphological region
Caspian syneclise

Folded region of the Lowlands and small hills
Southern Ural and Layered denudation plains of the western rim
Mugalzhar
Turanian plate Accumulative and stratified denudation plains of the Northern Aral Sea

Structural-denudational plateau Ustirt

Accumulative plains of the Bozashi Peninsula
Structural-denudational plateau of Mangistau
Structural-denudational plateau Ustirt
Lowlands of Mangistau
Accumulative and stratified denudation plains of the Northern Aral Sea

Accumulative plains of the Torgay-Obagan depression

Within the boundaries of the identified hydrogeological regions are located
eight first-order groundwater basin and 13 second-order groundwater basins. The
largest area is occupied by the Caspian (56.5%) and Ustyrt (19.1%) basins, while
the smallest are the Predural (1.5%) and Aral-Torgai-Shu-Sarysu (2.1%) basins.

Thus, the zoning of the Caspian continental water exchange basin has revealed it is
complex hierarchical structure, reflecting the geological structure, hydrogeological
conditions, and topography of Western Kazakhstan. The identification of regional
and subregional groundwater basins and their comparison with structural,
hydrogeological, and geomorphological units have revealed spatial patterns in the
formation, transit, and discharge of groundwater. It has been established that the
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major hydrogeological structures of the Caspian syneclise, the Turan plate, and
the Ural folded region, as well as the characteristics of the modern hydrographic
network, have a decisive influence on the organization of groundwater flow
(Smolyar et al., 2012).

The Tobyl-Torgay water management basin extends in a meridional direction
within the Kostanay region of Northern Kazakhstan, in the Western half of Central
Kazakhstan, and occupies 12.2% of the country’s area. The basin’s hydrographic
network is represented by the Tobyl river with it is tributary, the Ubagan river,
the Torgay river with it is tributary, the Yrgyz river, and other small streams. The
average long-term surface water resources of the Tobyl-Torgay water management
basin are estimated at 2.12 km*/year; in low-water year, at 0.29 km*/year (Smolyar,
2023).

The Tobyl-Torgay water management basin was zoned according to the described
methodology. 2 water exchange basins were identified: the regional Tobyl basin,
part of the open continental Kara Sea basin in the northern half of the basin, and
the regional Torgay basin, part of the endorheic continental Aral Sea basin in the
southern half of the basin (Figure 3).

Figure 3. Zoning scheme of the flow basins of the Tobyl water exchange basin.

The regional open Tobyl water exchange basin is located within the southern
marginal part of the West Siberian plate and includes the regional Tobyl water
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exchange basin itself and 2 subregional basins: the Ubagan and Toguzak (Table 3).
The regional Tobyl and subregional Ubagan basins occupy mare than 94% of the
area.

Table 3. Zoning of open and endorheic flow basins of the Tobyl water exchange basin.

Type of water exchange basin Square
thousand km? %
Flow of the open
Regional Tobyl 53.02 50.4
Subregional Ubagan 46.06 43.8
Subregional Toguzak 6.07 5.8
Flow of the endorheic

Regional Torgay 69.61 30.5
Subregional Kyrgyz 37.08 16.3
Subregional Ulkayak 35.83 15.7
Uly-Zhilanshyk 55.74 24.4
Subregional basin of Narzum and Sarykopa 29.8 13.1

The regional endorheic Torgay water exchange basin accupies the southern
part of the Scythian-Turanian plate, which extends in the northern direction, and
includes the regional Torgay water exchange basin itself and 4 subregional basins:
Yrgyz, Ulkayak, Ulyzhilanshyk and Naurzum-Sarykopin (Figure 3, Table 3).

The zoning maps of the Tobyl-Torgay water management basin by flow basins
are combined with the maps of structural-hydrogeological and geomorphological
zoning (Absametov, 2016; Sagin et al., 2017), which ensured the reflection of
the relationship between the groundwater flow basins, hydrogeological and
geomorphological structures.

In hydrogeological terms, 2 hydrogeological regions are distinguished within
the boundaries of the Tobyl water exchange basin: the West Siberian and Taimyr-
Ural regions, each containing one basin of the I and II order (Smolyar et al., 2002).
The majority of the Tobyl water exchange basin is occupied by the Nizhnevartovsk-
Petropavlosk basin of the West Siberian basin system (78%).

Table 4. Hydrogeological zoning of the open Tobyl water exchange basin.

Regions. Unconfined
and confined Water basin

Provinces. Groundwater basins of
the I-st order (complex basins of

Subprovinces. II-nd order
groundwater basins (confined and

system

systems unconfined and confined waters) subconfined water basins)
West Siberian basin West Siberian complex basin Nizhnevartov-Petropavlov
system formation water basin
Taimyr-Ural basin system Bolsheural complex basin Ural basin
Scythian-Turanian basin Ustyrt complex basin Shalkar pool

Aral-Turgai-Shu-Sarysu basin

North-Aral Sea basin

Torgai basin

Central Kazakhstan basin
system

Ulytau-Zhezkazgan complex basin

Ulytau basin

Zhezkazgan basin

60




ISSN 2224-5278 4.2026

Within the Torgai water exchange basin, there are three hydrogeological
regions: the Scythian-Turanian, Taimyr-Ural, and Central Kazakhstan (Table 4)
(Absametov, 2016). Within the boundaries of the identified hydrogeological regions
there are 4 I-st order groundwater basins and 6 II-nd order groundwater basins. The
largest area is occupied by the Torgai (54%) and the North Aral basins of the I1-nd
order of thi Aral-Torgai-Shu-Sarysu basin of the I-st order of the Scythian-Turan
hydrogeological region (Absametov, 2016; Smolyar et al., 2020).

The open Tobyl water exchange basin, in accordance with the geomorphological
zoning of Kazakhstan, covers 2 geomorphological regions: the south of the West
Siberian plate and the folded region of the Southern Ural and Mugalzhar, within 3
geomorphological regions are distinguished.

Within the territory of the endorheic Torgai water exchange basin, 3
geomorphological regions are developed: the Turan plate, the folded region
of the Southern Ural and Mugalzhar, and the Kazakh Shield, within which five
geomorphological regions are distinguished (Smolyar, 2023; Smolyar, 2017).

Therefore, the zoning of the Tobyl-Torgay water management basin based on
groundwater flow basins revealed significant differences in the spatial organization
of groundwater systems between it is Northern and Southern parts. The Tobyl basin
is associated with the open continental basin of the Kara Sea and is dominated by
the hydrogeological structures of the West Siberian plate, whereas the Torgay basin
belongs to the endorheic Aral basin system and is characterized by a more complex
hydrogeological and geomorphological structure. The integration of groundwater
flowbasinzoningwithstructural-hydrogeologicaland geomorphological frameworks
made it possible to identify the hierarchical organization of groundwater flow
systems and the main factors controlling groundwater recharge, flow and discharge.
The obtained results provide a scientific basis for regional groundwater flow
assessment, groundwater resource evaluation and the development of sustainable
water-resource management strategies in Northern and Central Kazakhstan.

Conclusion. The research results demonstrate that zoning by groundwater
basins is an effective basis for studying the relationship between surface and
groundwater resources within the water management basins of Western and
Northern Kazakhstan. A methodology for hydrogeological zoning by groundwater
basins was substantiated and selected for the Zhaiyk-Caspian and Tobyl-Torgay
water management basins. Water exchange basins, reflecting the unified processes
of surface and groundwater flow formation within hydrogeological systems, were
adopted as the basic territorial unit.

The identification and taxonomic classification of water exchange basins were
conducted, as well as their correlation with the structural, hydrogeological, and
geomorphological zoning of the territory. It was established that the Zhaiyk-Caspian
water exchange basin belongs to the Caspian continental groundwater basin and
includes one regional and four subregional basins. Within the Tobyl-Torgay water
exchange basin, two regional water exchange basins — the Tobyl and Torgay — were
identified, comprising six subregional groundwater basins.
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Within the Zhaiyk-Caspian and Tobyl-Torgay water management basins,
endorheic groundwater basins predominate (89.2% of the area). In terms of
hydrogeology, the platform artesian basins of the Caspian Depression, Scythian-
Turanian and West Siberian plates predominate (91.5% of the total area of the water
management basin). The common regional recharge area for the three identified
water exchange basins in Kazakhstan is the lowlands of the Southern Ural and
Mugalzhar.

The analysis revealed that the majority of Kazakhstan’s territory (74.4%) lies
in closed water exchange basins (the Caspian, Aral, Balkhash-Alarol and Nura-
Teniz basins), where runoff does not groundwater flow into the ocean. Only 25.6%
of the country’s territory lies in the open Kara Sea basin, which receives external
flow through the Ob river system. This water exchange structure determines the
high dependence of Kazakhstan’s water resources on domestic climatic conditions,
evaporation and transboundary water inflows from neighboring countries.
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