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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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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CHANGE OF FORMATION CONDITIONS OF GROUNDWATER
OF KAZAKHSTAN UNDER THE INFLUENCE
OF ANTHROPOGENIC CHANGES OF THE ENVIRONMENT

Abstract. Anthropogenic environmental changes in Kazakhstan lead to changes in the formation of ground-
water. The anthropogenic impact on the environment is expressed in the change of the relief and hydrographic net-
work, the redistribution of water resources and the change in their qualitative and quantitative characteristics. An
important consequence of anthropogenic influence is a change in the temperature regime of the territory and the
nature of precipitation. The results of the analysis of the nature of changes in the formation of groundwater are given.
The areas with the most strongly changed formation conditions, which include zones of ecological disaster in the
Aral Sea region and the Semipalatinsk nuclear test site, as well as built-up areas of large industrial centers and urban
agglomerations of cities, are identified. A comprehensive analysis of climatic, glaciological and hydrogeological
materials on the territory of Kazakhstan was used as a research methodology to determine the influence of climatic
and anthropogenic environmental changes on the formation conditions of groundwater. Comparison of the research
results from different years with the materials of recent years identified that fundamental changes in the quantitative
indicators of groundwater supply should not be expected and groundwater resources, unlike surface water resources,
will not significantly decrease. The use of research results will allow justifying the expansion of water supply for the
population at the expense of groundwater.

Key words: regularities of formation, groundwater, anthropogenic changes, water supply.

Introduction. The conditions of groundwater formation in Kazakhstan are determined by a com-
bination of natural factors, the main of which are climatic conditions, the geological structure and the
influence of human activity. The processes of changing geological conditions take so long periods of time
that they can be considered as unchanged compared with the time of the civilization development.
Climatic changes also take considerable time periods, however the parameters of changes can be well
confident detected by long-term observations. The most rapidly changing factor in the formation of
groundwater is human economic activity significantly changing the physiographic conditions of the
groundwater formation.

The methods of researches. As a research methodology, we used a comprehensive analysis of
climatic, glaciological and hydrogeological materials on the territory of Kazakhstan in order to determine
the impact of climatic and anthropogenic environmental changes on the groundwater formation
conditions.

The main changes in physiographic conditions that most strongly affect the conditions for the
groundwater formation:

- changes in the terrain during the development of mineral resources (Karaganda and East Kazakh-
stan regions), during the construction of settlements and hydraulic structures on the rivers Zhaiyk, Ertis
and Esil;
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- changes in the hydrographic network as a result of the construction of hydropower facilities (the
Zhaiyk river), the construction of irrigation systems (the Syrdarya, Ile and Karatal rivers), the redistri-
bution of surface water between river basins during the construction of navigable and watering canals;

- changes in the composition of vegetation, the composition and conditions of soil moisture as a
result of agricultural and forest management activities;

- changes in the composition of atmospheric air as a result of fuel combustion and violation of
surface air circulation in built-up areas, as well as emissions of technological waste gases;

- change of the groundwater level conditions under the influence of:

¢ lowering the level of large bodies of water (Aral Sea);

e groundwater exploitation for water supply and irrigation;

e irrigation and drainage measures in agriculture;

o drainage measures in the extraction of minerals;

e changes in the conditions of supply and discharge of groundwater in built-up areas;

The main changes in climatic conditions that most strongly influence and determine the conditions
for the formation of groundwater:

- a change in the temperature regime of the territory is an important factor in changing the conditions
for the groundwater formation. In recent years, there has been an increase in the level of the average tem-
perature in Kazakhstan - an average of about 1.8°C within 100 years, which is more than 2 times higher
than the world values. An increase in air temperature causes an increase in evaporation and reduces the
amount of groundwater supply, i.e. reduces the amount of groundwater resources;

- change in air temperature, expressed in global warming and the associated increase in extreme
weather events such as storms, rainfalls, fog, floods, etc. Annual floods in certain areas of our country are
a direct consequence of these anomalies. During the period from 1990 to 2016, the number of heavy
snowfalls increased 2.5 times, the number of heavy rains increased 2.7 times, the number of heavy fogs
increased more than 2 times, dust storms occur 3.4 times more often. Almost 2 times increased floods on
mountain rivers. The number of mudflows increased by 2 times. According to the Kazgidromet obser-
vation network, the air temperature has increased throughout the territory of Kazakhstan in all months of
the year for several decades. The average annual temperature in Almaty 100 years ago was about 7 °C, and
in 2016 - 12 °C (an increase by5 degrees);

- changing of the conditions of atmospheric air circulation;

- change in the distribution of precipitation by area and time. In the long-term section, the amount of
precipitation on the territory of Kazakhstan for the year practically does not change, there is only a slight
increase in the northern and mountainous regions. There is more rainfall became that falls in the form of
showers;

- changing of the conditions of evaporation and transpiration.

The greatest changes in the conditions of groundwater formation under the influence of natural and
anthropogenic factors are confined to industrial centers and urban agglomerations, as well as to zones of
ecological disaster in the Aral Sea region and at the Semipalatinsk nuclear test site. Active, increasing
from year to year, changes in air temperature, precipitation and evaporation, as well as human interaction
with the natural environment, acquired in the new millennium features of a global change in the anthro-
pogenic and climatic process.

The greatest changes in the conditions of formation of groundwater under the influence of natural and
anthropogenic factors are confined to industrial centers and urban agglomerations, as well as to zones of
ecological disaster in the Aral Sea region and at the Semipalatinsk nuclear test site.

Active, increasing from year to year, changes in air temperature, precipitation and evaporation, as
well as human interaction with the natural environment, acquired features of a planetary change in the
anthropogenic and climatic process in the millennium that has come. Global anthropogenic warming of
the climate, which began in the post-industrial period, poses a certain threat to the environmental habitat
of modern human, because estimates of the World Meteorological Organization show that global
temperature rise on Earth may reach 2.7-3.5°C by the end of the XXI century [1]. Possible climate
changes in Kazakhstan by 2030, 2050 and 2085, relative to the base period of 1961-1990, can be as
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follows: + 1.4°C, + 2.7°C and + 4.6°C, respectively, [2], although the amount of precipitation will in-
crease slightly : at 2%, 4% and 5% per year, respectively.

The values of meteorological quantities for a long observation period are not a set of homogeneous
statistical data, since over the years the conditions of observations have changed, as well as the influence
of the main climate-forming factors, the influence of anthropogenic factors on the conditions of the
weather station. For example, it is impossible to compare the conditions of the weather station of Kara-
ganda or Almaty 30-40 years ago and now. At the moment, it is surrounded by numerous enterprises,
including those with active transport movement around the meteorological station.

To clarify the trend of the average annual temperature on the territory of Kazakhstan, the meteo-
rological data of six stations located in different regions of Kazakhstan were processed. For example,
instrumental observations carried out for 30—60 years in the mountainous regions of South and Southeast
Kazakhstan showed that the average annual air temperature here increased by 0.1-0.3°C every ten years.
According to the developed scenarios [3], during the period up to 2050-2075a higher temperature is
expected in the mountainous regions of these territories. At elevations above 1500 m, this increase may be
1.5-5.5°C.

It has been determined that the glaciation of the mountains of Central Asia from the middle of the
20th century was mainly in a state of degradation, accelerated since the early 1970s. A study of the
dynamics of glaciation in the mountains of southeastern Kazakhstan in comparison with the results of the
assessment of changes in glaciation in other mountainous regions shows that, like in most glacial regions
of the world, until the early 1970s, glaciers remained here in a relatively stable state. However, this
situation has changed in recent decades due to global warming, as evidenced by glaciological studies in
the Central Asian region [4]. The rates of degradation of Central Asian glaciers are among the highest in
the world: 0.8% of the area and 1% from volume per year. If the general trend of changes in the tempe-
rature regime of the territory in the coming decades continues, the melting of glaciers will continue. At the
same time, despite the reduction of glacier resources with an average intensity of about 1% per year, the
norms of river flow and its intra-annual distribution remained relatively stable during the last half-century,
which gives grounds for Kazakhstan glaciologists to assume the existence of a compensation mechanism
that ensures this stability under conditions of glaciation degradation. The role of such a mechanism is
supposedly performed by the melt waters of underground ice, buried (moraine-covered) glaciers and rock
glaciers. And since the ground ice reserves in the mountains of the region are comparable with the ground
glaciation resources, the researchers believe that if the amounts of precipitation and maximum snow
reserves in the zone of flow formation remain in stability that is characteristic for the last decades, the
compensation mechanism may last for more than one century. This gives reason to hope for the relative
stability of the norms of river flow and regional water resources for at least the coming decades.

As for groundwater, there was practically no special research on the upcoming changes in their
resources, due to global warming. This is due to the existing opinion that groundwater is better protected
from adverse climatic factors due to deep deposition. Even in the Sahara desert, the sandy massifs of
Western and Southern Kazakhstan, where the air temperature is high and very little precipitation falls,
there is fresh groundwater.

However, there are areas where the moisture cycle is intense, groundwater resources are being
updated very actively. These areas include mountainous areas of South and South-Eastern Kazakhstan,
which are distinguished by special conditions for the groundwater formation, depending on the orographic
and climatic conditions. Here, permafrost has the greatest influence on the conditions of groundwater
supply; its thickness increases with height: the gradient values of the increase in the thickness of the
frozen zone per 100 m height are at least 10-20 m. The maximum thickness of the frozen zone at altitudes
of 3100 m reaches 60 m, 3500 m - about 130-140 m, at 4000 m - more than 200 m, and at an altitude of
5000-6000 m - several hundred meters [5,6]. As can be seen from the above data, already at altitudes of
3200-3400 m, the thickness of frozen rocks becomes significant. In these conditions, the characteristics of
groundwater recovery will be completely different than in areas where there is no permafrost. According
to the data given in [7], in the high part of the mountains, solid permafrost acts as an aquitard. It prevents
the infiltration of precipitation and snow melt water. For this reason, small groundwater resources are
formed here mainly due to the melting of ice located in rock cracks, under the influence of deep heat co-
38
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ming from the lower layers of the earth’s crust. Groundwater in this area is very deep, as evidenced by the
absence of natural water manifestations in the form of springs, as well as groundwater flow into rivers [7].
Below the permafrost zone, the conditions for groundwater recovery are more favorable, as evidenced by
the numerous springs emerging in depressions of the relief, and the large size of the groundwater flow into
the rivers. For example, at the latitude of the Tuyuksu tourist base in Zailiysky Ala Tau (abs. 2500 m), the
underground flow into the M. Almatinka river reaches 35 I/s per 1 km® of its catchment basin. As the level
of the mountain slope decreases, the magnitude of the formed groundwater becomes smaller. At altitudes
of 1900-2100 m, it is 18-20 I/s per 1 km’.

From the data presented, there is a clear increase in the module of the natural resources of ground-
water as the height of the mountain slope increases. In the light of what has been noted, let us imagine the
case when by the end of this century, in the mountainous regions of South and South-East Kazakhstan, the
air temperature, as compared with the present, will increase by 3.5°C (the average between the forecasted
1.5-5.5°C). Such a change in the temperature conditions of a mountainous area can lead to a change in the
snow line in the mountains, movement (raising) of the permafrost distribution boundary, and it is even
possible that glaciers will degrade strongly until they disappear completely [3.8].

Of all the noted changes in the natural conditions of the mountainous area in the future, the
movement of the high-altitude boundary of the distribution of permafrost can have the greatest impact on
groundwater. The scale of this process can be judged on the basis of gradient indicators of permafrost
development. According to research data [9, 10], for every 100 m of elevation of elevations in moun-
tainous areas (above 1500 m), the temperature falls by 0.6°C, i.e. with an increase in air temperature of
3.5°C, the permafrost boundary may rise by 583 m. Such changes in general may have a favorable effect
on the conditions of recovery of groundwater resources. First of all, by reducing the area occupied by
permafrost, the area of intensive feeding of groundwater will increase. For example, in Zailiysky Alatau in
the basin of the Bolshaya Almatinka river, such an increase will amount to 103 km?, Malaya Almatinka -
28.2, Talgar -144, Issyk-71 and Turgeni -193 km’. The amount of groundwater supply in the northern
slope of the Zailiysky Alatau at altitudes of 2000-3000 m varies from 25-27 in the basin of Bolshaya
Almatinka to 30-35 1/s per km” in the basin of Malaya Almatinka.

As the absolute elevations of the catchment area increase, it is legitimate to suppose an increase in the
emerging groundwater resources, especially according to the research materials of 1. S. Sosedov [9], in the
range of 3000-4000 m in Zailiysky Alatau, the greatest amount of precipitation falls, amounting to 1300-
1400 mm per year, or 40% more than in the area of modern supply. Considering the above, groundwater
supply in the freeing part of the mountains from permafrost as a result of climate warming can be much
larger. This is quite possible, since as a result of climate warming, an increase in evaporation from the
ocean surface and, accordingly, of precipitation falling on land is expected. Thus, global warming can
improve supply conditions and form additional groundwater flow. In the Kyrgyz Alatau, such movement
of the permafrost boundary can take place only in the basins of the Aspara and Merke rivers. Unlike
Zailiysky Alatau, the lower boundary of permafrost here is located at around 3400 m [11, 12]. When
raising its border by 583 m, permafrost rocks almost completely disappear in the basins of these rivers, or
the groundwater recharge area will increase by 176.4 km®, including 115 km? in the Aspara river basin and
61.4 km® in Merke.

Results of works. On the whole, planetary climate warming will not cause significant changes in the
magnitude of groundwater supply in the conditions of the Trans-Ili and Kyrgyz Alatau. However, its
quantitative assessment at the present stage of the study of the hydrogeological conditions of the high-
mountain zone remains unsolved.

The research results will be in demand in the research and production sphere, which deals with water
resources, environmental problems, groundwater search and the agrarian sector of the republic.
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KOPHIAFAH OPTAHBIH AHTPOIIOT'EHAIK O3I'EPICTEPIHIH OCEPIHEH
KA3AKCTAHHBIH )KEP ACTbI CYJIAPBIHBIH KAPBIIITACY
KAFJIAWJIAPBIHBIH O3TEPYI

Annotanusi. Kopiiaran opraHblH aHTponoreHaik e3ricrepi KazakcTaHnarsl skep acThl CyJapbIHBIH KaJIBIITACY
JKaF/IaiapbeIHbIH e3repyine akenni. Kopraran oprara aHTpONOT€H/IIK acep, )Kep Oenepi MeH THAporpadusuIIbIK xKeli-
JEpIiH e3repyiMeH, Cy pecypCcTapblH Kaifta 0elry jkoHE OJapAblH calackl MEH CaHIBIK KOPCETKIMTEePiHIH e3repyiMeH
cHUIaTTaj]afbl. ARMaKTBIH TEMIICpaTypablK PEXHMI MEH arMocdepalblK yKaybIH-IIAIIbIH aHTPOIOTSHIIK dCepliH
MaHBI3Ibl cagapbl 0oibin Tabbutagsl. JKep acThl cyJapbIHBIH KaJBIITACy JKarJaiIapblHBIH €3repy CHIarTamalia-
PBIHA KOPBITBIHABI Jkacanpl. Apai MaHbsl MeH CeMell aylaHJapbIHBIH YKOJIOTHSUIBIK anaTThl OeeMaepiHe )KaTaThlH,
COHBIMEH KaTap ipi @HEpPKACINTIK OPTAIBIKTAP JKOHE Kajla arjIoMepanus aiiMaKTaphl CalbIHFAH KaJBIITACYAbIH HEFyp-
JBIM KATTHI ©3TrepicKe yImbIparaH aiiMakTapel OemniHai. KopmiaraH opTaHBIH ep acThl CyJapbIHBIH KAJTBIITACYBIHA
KJIMMATTBIK JKOHE aHTPOMOICHIIK ©3repiCTepiH dCepiH aHbIKTay MakcaThiHaa KasakcraH aiiMarbIHBIH KIMMATTHIK,
TISIHOIOTHSJIBIK KOHE THUAPOTCOJIOTHSIBIK MaTepHaIapbiHa TOJBIK TaNAay jKacay 3epTTEY/IiH 9ICTeMEC peTiH/e
KOJIIaHBUIIBL. Op KbULIApJarsl jKoHe Ka3ipri Ke3/eri 3epTTelreH )KYMBICTap/Ibl CalbICThIPFaHAa, XKep acThl CyJapbl-
HBIH KOPEKTEHYIH/ET1 CaHAbIK KOPCETKIIITEPAiH 1preli e3repictepre ylblpaMaraHbl, COHBIMEH KaTap JKep acThl Cy-
JIapBIHBIH Kep OeTi cynapbplHa KaparaHaa alTapliibIKTail a3aiiMaiThIHBI aHBIKTANbl. 3€pTTey HOTHXKEIEPiH KOJIaHy
JKEep acTHI CyJaphl eceOiHeH eNTi-MeKeHIepIi CYMEH KaMTaMachl3 €Ty i KeHEUTyre MyMKIH/IIK Oeperi.

Tyiiin ce3aep: KanblnTacy jKaFnaiinapel, )Kep acThl CyJapbl, aHTPOIIOTCHIK ©3repicTep, CyMEeH KaMTaMachl3
eTy.

C. B. Ocunos', 10. H. JIupunckmnii', A. M. Epmen6aii’, 3. A. Fadypos’

'HAO «KasHUTY uwm. K. H. CarmaeBa» —
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W3MEHEHME YCJIOBUI ®OPMUPOBAHUS MOJ3EMHBIX BOJI KABAXCTAHA
MO/ BAUSSHUEM AHTPOIIOTEHHBIX U3MEHEHU
OKPYKAIOIIEMN CPE/bI

AHHOTAUMA. AHTPOIIOT€HHbIE U3MEHEHUS OKpY»Karouleil cpeasl B KazaxcraHe BenyT K U3MEHEHUSIM YCIOBUM
(bopMUpPOBaHUs IOA3EMHBIX BOA. AHTPOIOTEHHOE BO3JEHCTBIE HAa OKPYKAIOIYIO0 CPEY BBIPAXKAETCSl B M3MEHEHUH
penbeda u ruaporpaduueckol ceTH, mepepacipenesieHHI0 BOAHBIX PECYPCOB U M3MEHEHHUIO MX KAaueCTBEHHBIX M
KOJIMYCCTBCHHBIX XapaKTCPUCTHUK. Baxxusim CJICACTBUEM AHTPOIIOICHHOTO BJIWAHUA ABJIACTCA U3MCHCHUE TEMIICPA-
TYPHOTO pEXHMMa TEPPUTOPHU U XapakTepa BbINaJeHHus aTMOc(epHBIX ocaakoB. [IpuBomsTCs pe3ysbTaThl aHANIN3a
XapakTepa U3MEHEHHs yCIOBHH (JOPMHUPOBaHUS T10I3€MHBIX BOJI. BrlesieHbl paifoHbl, ¢ HanboJiee CHIIbHO N3MEHEH-
HBIMH YCJIOBHSIMH (DOPMHUPOBAHMS, K KOTOPBIM OTHECEHBI 30HBI 9KoJorniyeckoro oOencreust B Ilpuapanse n Cemu-
MAJIATHHCKOTO SIEPHOTO MOJMTIOHA, & TAKXKE 3aCTPOCHHbBIE TEPPUTOPUH KPYITHBIX IPOMBIIUICHHBIX [IEHTPOB B TOPOI-
CKHUX arJioMeparnuii ropogoB. B kauecTBe METOA0JIOTHH HCCIIEA0BaHNI NCTIOB30BAJICS KOMIUICKCHBIA aHAIN3 KIINMa-
THUYECKHX, TIIALMUOIOTHYECKUX M THUAPOTEOJOrMYEeCKHX MaTepHasioB Ma Teppuropun Kazaxcrana c Ieipio ompe-
JICNICHUS BIMSAHUS KIMMAaTHYECKUX M aHTPOTIOTEHHBIX M3MEHEHHH OKpYJKaloleH cpelbl Ha yClIoBHs (popMHUpOBaHMS
MOJ3EMHBIX BOA. B pesynbraTte comocTaBiieHHs: pe3yIbTaToOB HUCCIEAO0BAHUI Pa3HBIX JIET C MaTepHaIaMU COBPEMEH-
HOT'O MOCJIEIHUX JIET YCTAaHOBJIEHO, YTO KapJHHAIBHBIX U3MEHEHUH B KOJIMYECTBEHHBIX MOKA3aTEISIX MUTAHUS TOA-
3€MHBIX BOJ HC CICAYET OXKUAATh U PECYPCHI MOA3CEMHBIX BOJ B OTJIMYHUE OT PECYPCOB NMOBECPXHOCTHBLIX BOJ CYIIECT-
BEHHO He cokpatrsrcs. Mcrnonb3oBaHue pe3yIbTaTOB HCCIIEJA0BAHUI MO3BOJIUT 00OCHOBATh PacCIIUPEHHE BOJOCHAO-
JKCHHA HACCJICHUA 3a CUCT IIOJA3CMHBIX BO.

KaioueBbie ciioBa: 3aKkOHOMEPHOCTH (hOPMHUPOBAHUS, TTOA3EMHbIE BOJBI, aHTPOIIOI'€HHBIE M3MEHEHUS, BOJO-
CHaO>XeHHE.
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