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WATER AVAILABILITY IN WATER-ECONOMIC BASINS IN KAZAKHSTAN
AND THEIR ANTHROPOGENIC TRANSFORMATION

Water is one of the most important natural resources. The water availability and scarcity depend
on various natural and anthropogenic factors. On the basis of generalization and analyses of the nu-
merous cartographic materials, the water-economic basins (WEBs) in Kazakhstan were classified in
order to identify the basin affected by human activities the most. Additionally, the water supply (avail-
ability) in the WEBs was determinated by share (%) of water resources (rivers, lakes, water reservoirs).
The Zhaiyk-Caspian WEB has the highest share (94%) of river water. By water resource (43.8 km?), the
Ertis WEB is the most water-rich basin. A significant anthropogenic transformation was observed in
the Aral-Syrdarya and Esil WEBs. Both basins are characterized by water pollution and a deteriorated
water quality.

Key words: water resources, water-economic basins, water availability, Kazakhstan.
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T Hay4YHO-MCCAEAOBATEABCKMI LIEHTP 3KOAOTMUN 1 OKpYKatoLLlein cpeabl LieHTpaabHo A3unn (AAmatbl),
Pecny6amka KasaxcraH, r. AAMaThbl
2TOO «Kasaxckuit HU nousoBeaeHns n arpoxmmumm um.Y.Y.YcnaHosa», Pecniyb6avka KasaxcraH, r. AAMaThbl
3«<MHCTUTYT noHocpepbl» AO «HauMOoHaAbHbBIN LEHTP KOCMUYECKUX MCCAEAOBAHMIA M TEXHOAOT MiA»,
Pecny6amka KasaxcraH, r. AAMaThbl
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Boaoo6Gecne4yeHHOCTb B BOAOXO3SHCTBEHHbIX 6accerHax KasaxcraHa v ux aHTponoreHHas
TpaHcdopmaums

Boaa 9BASIETCS OAHUM M3 BaXKHEMLLMX MPUPOAHbIX pecypcoB. BoaoobecneueHHOCTb 1 AeuumT
BOAbI 3aBMCST OT Pa3AMYUHbIX MPUPOAHBIX M aHTPOMOreHHbIx hakTopoB. Ha ocHoBe 06006ieHus 1
aHaAM3a MHOTOUYMCAEHHBIX KapTorpamnyecknx MaTePUarOB BOAOXO3AMCTBEHHbIe 6acceiHbl (BXB) B
KasaxcraHe OblIAM KAQCCUDULIMPOBAHbI AASL TOTO, YTOObI HaMbBOAEE TOUHO OMpPeAeAnTb 6acCeriH, rae
AESITeAbHOCTb YeAroBeka npeobrasaet. Kpome toro, BoA0OGECNEUEHHOCTb B BOAOXO3SMCTBEHHbIX
6acceitHax OMPEAEASIAOCH MO AOAe (%) BOAHbBIX pecypcoB (pek, 03ep, BOAOXpaHMAMLL). HamBbicwas
AOAS (94%) peuHon Boabl MMeeTcs B XXarbik-Kacnuitickom BXb. Eptucckuin BXB aBAageTcs cambim
6oratbiM BOAHbIM 6AaCCEMHOM M BOAHbIE PECypCbl COCTABASIOT 43,8 KM®. 3HauMTeAbHas aHTPOMO-
reHHast TpaHcgopmaums Habatoparach B Aparo-CbipaapuHckom m Ecuackom BXB. O6a 6accenta
XapaKTepu3yIoTCS 3arpsi3HEHNEM BOAbI U YXYALLEHMEM KayeCTBa BOAbI.

KAloueBble cAOBa: BOAHbIE PeCcypCbl, BOAOXO3SIMCTBEHHbIM 6GacceilH, BOAOOGECrnevYeHHOCTb,
KaszaxcraH.
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Ka3zakcTaHHbIH, Cy-L1apyallUbIAbIK, aAaNTapbIHbIH, CYMEH KaMTbIAYbI
YK9HEe OAAPADBIH, AHTPONOreHAK TpaHCHOpMaLLUSIChbl

Cy — eH MaHbI3Abl TabUFK pecypcTapAbiH 6ipi 60AbIN Tabbirasbl. CyMEH KaMTbIAY XKOHE Cy Tarlibl-
AbIFbl TYPAI TaBUFKN >KaHE aHTPOMOreHAIK dhakTopAaapra Tayeaai 6oaaabl. KenTereH kapTorpadmsabik,
MBAIMETTEPAI KOPbITY >XeHe TaAAay HerisiHae KasakcTaHaarbl Cy-luapyallblAbIK, aAanTapbl aAam ape-
KeTi 6acbIM >KEPAEPIH HaKTbl aHbIKTay YiliH XikTeaai. CoHAaM-aK, Cy-LIapyallblAbIK, aAaNTapbiHbIH, CY-
MEH KaMTbIAYbl CY PECYPCTapbIHbIH (63EHAEP, KOAAEP, CYKOMMaAap) YAECi OoMbIHLLIA aHbIKTaAAbl. ©3eH
CyAapblHbIH eH, Ker yAeci (94%) >Karbik-Kacnui cy-luapyatubiablk, arabbiHAQ. EpTic cy-wapyatibiAbIK,
aAabbl eH cyra 6ar aaan 6OAbIN TabbiAaAbl XX8He Cy pecypcTapbl 43,8 KM® Kypanabl. AATapAbIKTan aHT-
pororeHaik TpaHcopmaums Apaa-Cbipaapust xeHe ECiA cy-luapyatubiAbiK aranTapbiHAa 6arikaAAbl.
Eki aran Ta cyAblH AaCTaHybl >k8He Cy camnacblHbIH HallapAaybIMEH CUMATTAAQABI.

Ty#iH ce3aep: cy pecypctapbl, Cy-LuapyatibiAbiK, aAabbl, CyMeH KamTblAy, KasakcTaH.

Introduction

Water is the most important natural resource and
without it no human activity is possible as it cannot
be replaced by anything. Water resources are inte-
gral parts of the natural environment and they play
a decisive role in the economic development, espe-
cially in the agricultural-industrial complex.

Kazakhstan belongs to the category of coun-
tries with a large water shortage. In terms of water
availability, Kazakhstan ranks last among the CIS
countries. The specific water availability is 37 thou-
sand m? per 1 km? and 6.0 thousand m? per 1 person
per year (Duskayev 2004). The water availability
in the Central Asian countries is very uneven. It is
5.7 thousand m® for five Central Asian countries.
The average annual water availability per capita
is 13.5 thousand m® in Tajikistan and 8.4 thousand
m® in Kyrgyzstan and Uzbekistan and Turkmeni-
stan is 1.8 and 4.0 thousand m®/capita, respectively
(Mal’kovskii 2012; Zaurbek et al. 2012). In Rus-
sia, it is about 30.0 thousand m*/capita (Boiarkina,
2011).

The scarcity of fresh water is the most acute
environmental problem that hinders the sustainable
development of Kazakhstan (Espolov et al. 20006).
The reasons for the lack of water resources are
natural conditions (90% of spring runoff) and that
about half of the river runoff (44.0 km?) is formed in
the territory of neighboring countries: China (18.9
km?), Uzbekistan (14.6 km?), Russia (7.5 km?), and
Kyrgyzstan (3.0 km®) (Riabtsev et al. 2004). Only
56.5 km?® of the runoff are formed on the territory of
Kazakhstan, while the total average of 100.5 km?3/
year of surface water resources in Kazakhstan. So,
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the geographical location of the country is one of
the most important factors in water shortage. The
surface water resources are extremely unevenly
distributed across Kazakhstan and they are subject
to significant temporary fluctuations (Espolov et al.
2006; Mal’kovskii 2012).

The population of Central Asian countries has
increased over the past decades and the problem
of water scarcity has become even more acute
respectively. Consequently, the demand for water
rapidly has grown and as a result of the reduction
of sustainable water supplies, a water deficit of 14
billion m?® is expected by 2030, by 2050 the deficit
could be 20 billion m* (70% of the demand for water)
(Green Economy, 2013). In addition, the climate in
most parts of Central Asia is arid and semi-arid.
This is especially true for southern Kazakhstan,
where the limited precipitation (up to 130 mm)
can easily lead to water shortages (Gagloeva 2016;
Danilov-Danilian 2008; Danilov-Danilian et al.
2010). Besides many water sources are polluted
with industrial wastewater as water treatment is
still limited in its regional coverage and efficiency
(Espolov et al. 2006; Riabtsev et al. 2004; Dostai
2012). In general, the quality of surface waters is
considered good, although a number of river/water
basins are contaminated. Mining, metallurgical and
chemical industries, and municipal services of cities
are the main sources of water pollutants (Dostai 2012;
Sarsembekov 2004). As a result of the deterioration
of the quality of natural waters in Kazakhstan, the
problem of providing the population with good-
quality drinking water is increasing. This leads to
an increase in infectious morbidity, the emergence
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of environmental refugees and the growth of social
tension (Espolov et al. 2006).

The scarcity of fresh water and the
deterioration of the water quality hinder the
sustainable development of the country and
cause environmental issues (Dostai 2012). The
problems of sustainable water supply in the
Central Asian countries are currently acquiring
an acute socioeconomic, ecological and political
dimension, which is due to the increasing
role of anthropogenic factors related to water
consumption for the needs of the population,
industry and agriculture on the one hand, and the
impact of the climate change on the other hand
(Kulmatov 2014; Medeu et al. 2012; Alamanov
2016; Muhabbatov 2016; Veisov and Khamrayev
2016; Khamrayev and Rahimov 2016).

Assessment and forecast of changes in water
resources due to the expansion of economic
activities and climate change; water resources
management and modeling; harmful impacts on
water resources; and international cooperation
in the field of water issues are modern topical
hydrological aspects in Central Asia and the
adjacent countries. The main purpose of this
paper was the assessment of the water resources
within the water-economic basins (WEBs) in

Kazakhstan, as well as to classify the WEBs by
their anthropogenic transformation.

Study area

The research was conducted in the water-economic
basins (WEBs) within Kazakhstan (Fig.1). The WEB
is a natural-anthropogenic complex of interconnected
natural objects and engineering and technical facilities
that jointly function to meet the various water-related
socio-ecological and economic needs of people, as
well as the rational management of which provides a
safe and sustainable ecologic-economic development.
The basin is a managed system of social, economic,
technical, legal and ecological relationships regarding
rational water use (Abdukhalikov, 2015).

There are eight water-economic basins in
Kazakhstan such as Aral-Syrdarya, Balkash-Alakol,
Ertis, Zhaiyk-Caspian, Esil, Nura-Sarysu, Shu-Talas
and Tobyl-Torgai basins (Table 1, Fig.1). The Ertis
WEB has with 43.8 km?® the biggest share (%) of
the water resources. The Tobyl-Torgai WEB is the
basin with the smallest share of the water resources
(2.9 km?®) (Duskayev 2004). The largest WEB in
Kazakhstan is the Zhaiyk-Caspian basin with an area
of 415 thousand km? (Table 1). River water is 94 %,
the share of water reservoirs is 3 % and groundwater
is 3 % in the basin (Duskayev 2004).
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Fig.1 — Study area — the main water-economic basins (WEB) in Kazakhstan
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Table 1 — The main characteristics of water-economic basins

) _ Population within basin, 9% from total Mean
Basins Basin area, , | Main River Flow f(())rmatlon, min people population in | long-term
thousand km % Kazakh o kn®
Urban Rural azakhstan runoff, km
75.2 in
Kyrgyzstan
Aral-Syrdarya 345 Syrdarya 15.2‘in 1.3 1.5 16
Uzbekistan ’ From 11.3
6.9 in Kazakhstan 0278
2.7 in Tajikistan '
. . . 8 in Kazakhstan
Zhaiyk-Caspian 415 Zhaiyk 92 in Russia 2.2 13
56.6 in
Balkash-Alakol 353 Ile Kazakhstan 1.8 1.5 19
43.4 in China From 27.8
to 33.8
. . 74 in Kazakhstan
Ertis 1643 Ertis 26 in China 3.7 234
Esil 245 Esil 100 in 1.09 0.81 11
Kazakhstan From 2.2
. to 11.3
Shu-Talas 64.3 Shu, Talas 24 mn Kazakhstan 1.0 5.8
76 in Kyrgyzstan
Nura and 100 in
Nura-Sarysu 139.7 Sarysu Kazakhstan 1.0 5.8 From 13
. 78 in Kazakhstan t02.2
Tobyl-Torgai 214 Tobyl 22 in Russia 1.05 6

Materials and methods

The water availability in Kazakhstan differs
significantly. The East Kazakhstan region is a water-
rich region within the Ertis WEB, and there are
regions where water is scarce such as Mangystau
region. The water availability and state of water
resources within WEB in Kazakhstan was considered
and analyzed in this paper. In addition, numerous
cartographic materials (three maps from NAKZ,
2010) related to the anthropogenic disturbance of
the WEBs were analyzed in order to classify the
category of anthropogenic transformation within the
WEBs in Kazakhstan.

The Arc map software was used as a main tool
to analyze the anthropogenic impact to the WEBs
as well as for preparing the map of anthropogenic
transformation of WEBs within Kazakhstan.

The original map with the border of WEB
was scanned and registered/geo-referenced to
specify its location by using vector layer of country’s
border. Thereafter, the collected data for average
long-term runoff, anthropogenic transformation and
water demand were given as input parameters for
the generation of maps using ArcGIS applications.
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Results and discussion

A share of water resources in the WEBs and
water supply (availability)

In dry years, the level of water supply is 60%
of the water demand, and for some regions such as
Central Kazakhstan is only 5-10% due to mainly
irrigated agriculture.

The Ertis WEB is the most water-rich basin. The
water resource is 43.8 km®. A river flow form the
main water reserves with volume of 26.04 km® that
is 59% from basin water (Table.2). The volume of
water reservoirs is 7.7 km? (18%) and is the largest
basin in Kazakhstan where there are powerful water
reservoirs are located (Table.2).

The water resource in the Balkash-Alakol WEB
is significant and amounts to 149.4 km?, however
the main volume (77%) of water is in lakes, mainly
in Lake Balkash. The share of river water is 14%
and water reservoirs is 5% in the basin.

The water resources of the Aral-Syrdarya
WEB are estimated 37.9 km®. The main volume
of the runoff which is 70% is formed in the upper
part of the basin until the outlet from the Fergana
Valley. The flow of right-bank tributaries above
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the Shardara water reservoir is 21-23% of the total
water resources flowing into Kazakhstan (Table.2).
The share of the Arys river runoff and other rivers
flowing from the Karatau range in Kazakhstan is
9-7% (Riabtsev 2004). Currently, there are about 100
water reservoirs and 24,000 km of irrigation canals
in the Aral Sea basin (Bogomolov et al., 2007).

A share of river water accounts for 94% in the
Zhaiyk-Caspian WEB (Table.2). This WEB has the
highest share of river waters among the rest WEBs.

Table 2 — A share of water resources in the water-economic basins

The water availability of Kazakhstan varies
significantly. There are high-water supply regions
such as East Kazakhstan region (Ertis WEB). The
Ertis WEB is rich in water availability as half of
its renewable water resources are generated in the
Kazakh part of the catchment (Abishev et al. 2016)
and it is used as a donating water basin during
times of water shortage (Table 2). Significant water
resources are also concentrated in the Aral-Syrdarya
and Balkash-Alakol WEBs (Table 2).

Water- Share Share Share of water Large Water reservoir
. Water . . Share of
economic | o eskm? of rivers, | of lakes, reservoirs, roundwater. % Volume
basins % % % g ’ Name Kkm?
Aral-Syrdarya 37.9 70 - 21-23 7 Shardara 52
Zhaiyk- 28 94 3 3 3 : -
Caspian
Balkash- .
Alakol * 149.4 14 77 5 4 Kapshagai 14.0
Ertis 43.8 59 16 18 7 Bukhtyrma 49.0
Viaches-
Esil 5.34 34 55 7 4 lavskoye and 0.4 and 0.7
Sergeev-skoye
Shu-Talas 6.11 59 6 8 27 - -
Nura-Sarysu 4.59 33 20 4 25 - -
Verhne-
Tobyl-Torgai 2.9 35 33 17 15 Tobolskoye 0.82 and 0.59
and Karatomar

*Notice: the main volume (77%) of water is concentrated mainly in Balkash lake.

Quality of surface water and Anthropogenic
impact to the WEBs in Kazakhstan

Water quality is one of the limiting factors for
sustainable development of Kazakhstan. The water
quality of almost all water basins in Kazakhstan
remains unsatisfactory, despite the decline in
production and the reduction in the volume of
wastewater discharged. The main pollutants enter
water bodies with waste waters from chemical,
oil-refining, machine-building and non-ferrous
metallurgy sectors. Contaminated sewage waters
discharged without any purification are the greatest
environmental threats to the water bodies.

Kazakhstan is located on zones of transit and
dispersion of flow, as well as on delta zones of large
water basins such as Syrdarya, Ile, Zhaiyk and Ertis.
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Since the runoff of almost all rivers is regulated, the
regime of runoff formation in river parts located
below the water reservoirs is strongly transformed.
As a result of the mutual impact of rivers and
catchment areas and intensive water use, the
hydrological regime and the water quality change
in the zone of flow transit and dispersion. This
mutual impact is characterized by intensive water
abstraction from rivers for industry and irrigated
agriculture and the discharge of return flow with
salts, chemicals and other contaminants into rivers
(Espolov et al. 2006; Riabtsev 2004; Dostai 2012).
The water quality in the Aral-Syrdarya WEB can
be classified as the fourth to the sixth class of water
pollution and overall it is considered to be a highly-
polluted WEB. The main pollutants in this basin are

Xabapuibl. Teorpadus cepusicer. Ne3 (46) 2017



Issanova G. et. al

nitrogen, sulfate, cupper and phenol. The maximum
pollution was observed in spring, when nitrite and
copper exceed the maximum allowable ratio (MAR)
by the factor 3 (with mean concentration of 0.08 mg/1
and 0.001 mg/l respectively), while sulfate exceeds
the MAR by the factor 7 (100 mg/l), phenol by the
factor 6 (0.001 mg/l), and oil products by the factor
4 (0.05 mg/l) (Riabtsev 2004). The main tributaries
of the Syrdarya river and the Shardara water
reservoirs are also polluted by those chemicals. The
surface waters of the Ertis WEB are contaminated
with heavy metals such as zinc and copper and the
Ertis has been sorted into the fourth pollution class.
The main pollutants in the Zhaiyk-Caspian WEB are
organic matter, boron and chromium and the sources
for this contamination are located in the Russian
part of the catchment as there are no wastewater
discharges into the mainstream within Kazakhstan.
The resulting pollution class for the Zhaiyk-Caspian
basin is 4-6 (Riabtsev 2004). The main pollutants
in the Lake Balkash are heavy metals, copper, zinc,
phenol, fluorides and oil products, but overall the
basin belongs to moderate class of pollution. In
addition, the surface water in the Ile basin is polluted
by oil products originating in the upper Chinese
catchment (Dostai 2012). The pollution with heavy
metals is a common problem for rivers in the Nura-
Sarysu basin. The main metallurgical factories and
coal basin of the country are concentrated within
basin. That’s why water resources of the basin were
polluted by wastewaters. The water quality of the
basin is estimated to fourth class of water pollution.

Tobyl-Torgai
Nura-Sarysu
Shu-Talas

Esil

Ertis
Balkash-Alakol
Zhaiyk-Caspian
Aral-Syrdarya

The pollution degree of the surface waters in the Esil
and Tobyl-Torgai basins are significantly lower and
the water quality class only shows a moderate level
of pollution (Espolov et al. 2006; Riabtsev 2004).

The chemical pollution of waters of open water
bodies has significantly increased during the last
several decades. There is a high coefficient (56.8 %)
of pollution in the Kyzylorda region (Aral-Syrdarya
WEB), 16.7 % in the West Kazakhstan region
(Zhaiyk-Caspian WEB), in Karagandy region is
15.6 % (Nura-Sarysu WEB), in Akmola region is 15
% (Esil WEB) (Espolov et al. 2006). The quality of
the surface water largely depends on the ecological
situation and the economic development of the
region. The anthropogenic activities negatively
affect the regional ecological situation and cause
enormous changes in the environment.

According to the anthropogenic transformation
of the river flow, river basins are divided into three
classes such as slight, moderate and significant.
The Aral-Syrdarya and Esil WEBs belong to the
significant class of the anthropogenic transformation.
The moderate class includes the Zhaiyk-Caspian,
Tobyl-Torgai, Shu-Talas and Balkash-Alakol
WEBSs. The remaining two WEBs: the Nura-Sarysu
and the Ertis are included in the class of only slight
anthropogenic transformation (Fig.2). The most
affected by human influences is Aral-Syrdarya
WEB (47%); 23 % of the territory of the Esil WEB
was deteriorated by human activities. The Zhaiyk-
Caspian and Tobyl-Torgai WEBs were affected by
human activities to 18 % (Fig.2).

20 30 40 50

Fig. 2 — Anthropogenic transformation of water-economic basins in Kazakhstan

Conclusion
Water resources are the main component of
the environment and play a decisive role in the
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development of all sectors of country’s economy.
The study of water availability and the state of
water resources within water basins in Kazakhstan
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allows the general assessment of the conditions  resources. Consequently, the water resources were
and current state of the water-economic basins in  polluted and water quality was deteriorated. The
Kazakhstan. During the last several decades, natural ~ Aral-Syrdarya and Esil WEBs are the most affected
factors and human activities have changed the by the direct anthropogenic factors and consequently
Kazakh landscape considerably, including its water ~ waters of the basins are highly polluted.
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