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MAIN DIRECTIONS FOR RATIONAL USE OF WATER
RESOURCES IN THE REPUBLIC OF KAZAKHSTAN

Abstract. The article examines major directions of the rational management of
water resources in the Republic of Kazakhstan, specifically the South Kazakh-
stan region. Rational water use plays a huge role in the water sector and the
country's economy as a whole. Rational water management is a pragmatic pro-
cess that comprises the efficient utilization and conservation of water resources,
which guarantees the preservation of water bodies from excessive anthropo-
genic impact. Rational water management is the main moderator in supplying
the population and the national economy with water resources. The analysis of
the foundations of rational water management is conducted, the basic economic
instruments affecting the process of water management are examined, and the
structure of water resources management in the South Kazakhstan region is
investigated.

Keywords: rational water management, water resources, virtual water, sustain-
able water use, river runoff, total surface water resources.

AHHOTaUMsA. B cTaTbe BbIAB/IEHbl OCHOBHbIE Hanpas/ieHUs pauuoHabHOro
MCMONb30BaHNA BOAHbLIX pecypcoB B Pecny6nvku KasaxcTaH, B 4acTHOCTM
KOXHo-KasaxcTaHckoli o6nactu. [N BOA0OX035iCTBEHHOIO CEKTOpa U 3KOHO-
MUK/ CTpaHbl B LE/IOM, palMoHaNbHOe BOJOMNOMb30BAHNE MMEET OTPOMHYI0
ponb. PauuoHanbHOe BOAOMOMb30BaHME - 3TO MPOLLECC NparmaTuyecKkoro
xapaktepa, Bknwouawwuii B cebs apdeKkTuBHOEe WCNOMb30BaHUE U OXpaHy
BOZHbIX PECYPCOB, FapaHTUPYOLW KA cCOXpaHeHe BOAHbIX 06BEKTOB OT U36bI-
TOYHOTO aHTPONOreHHOro Bo3geiicTBUA. PaluoHanbHOEe BOAOMNO/Mb30BaHUE
SIB/IIETCS OCHOBHbIM MOJEepaTopoM B 0GecrneyYeHun HaceneHus 1 oTpacnu
HapoAHOro X03siicTBa BOAHbIMM pecypcaMu. B gaHHoi pab6oTe npoBejeH
aHanvM3 OCHOB palVOHaNbLHOTO0 BOAOMO/Ib30BaHUS, PACCMOTPEHbI OCHOBHbIE
3KOHOMMYECKMEe WHCTPYMEHTbl BAMAKOLIME HA NPOLECC BOAOMO/b30BaAHUS U
caenaH 0630p CTPYKTYpbl YNpaB/ieHus BoAHbIMU pecypcamu B KOXHO-Kasax-
CTaHCcKol obnacTtu.

KnioueBble cfoBa: pauuoHanbHOEe BOAOMNO/b30BaHNe, BOAHbLIE PECYPChI, BUPTY-
anbHas Boaa, ycToliunBoe BOAONOMb30BaHNe, peyHoli CTOK, CyMMapHble pecypchbl
NOBEPXHOCTHbIX BOA.
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TywHaeme. Makanaga KasakctaH PecnyGnukacbiHbIM, COHbIY iWwiHAe OuUTycL
KasakcTaH 06/bICbIHbIM CYy pecypcTapblH TWiMAI nanganaHygbiv Hensn 6arbiT-
Tapbl aHblKTanabl. Xannbl e 3KOHOMUKACbl MeH Cy LapyallbliblK KeweH YLiH
Cy pecypcTapblH TMiMAi nainganaHy ete Maumbi3gbl. Cy pecypctapbliH TMiMAi naii-
JanaHy - nporMaTukasblK cunatTa Cy pecypcTapbliH LUEKTEH TbiC aHTPOMNOreHAT
blKMangaH Kopray XaHe biCblpanchi3 narganadyra keningik 6epetiH npouecc. Cy
pecypcTapbiH TUiMAI naiganaHy xanblk WapyalblibIrbliH X3He TyprbiHAapAbl cy
pecypcTapbiMeH KamMTaMachli3 eTyau, Herlsrl MogepaTtopbl 60/bin Tabblnagbl. be-
pisireH XymbICTa Cy pecypcTapbiH TMiMAi naiganaHyablv Herizgepi, cy pecypcTa-
pbIH MaiganaHy npoueclue 3cep eTeTiH HEeNn3n 3KOHOMMWKasbIK Kypanjap kapac-
ThipbINAbl X3He OunTycw KasakcTaH O6/bICbIHbIM CYy pecypcTapblH 6ackapyibiu
KYpbINbIMbl TangaHabl.

TYWiHai cesnep: cy pecypcTapblH TMiMAi naiiganaHy, cy pecypcrapbl, BUPTyas-
Obl Cy, Cy[bl OpPHbIKTbI NaijanaHy, e3eH arbiHAbICbl, Xep 6eT arbiHAbICbIHbIN
XWbIHTbIK pecypcTapsi.

Introduction. General formulation of the problem and its connection
with important scientific and practical problems. Rational water use is a
set of measures to reduce water consumption and improve the efficiency
of wastewater treatment in order to save resources, protect nature and to
increase economic efficiency in industry, housing and communal services
and agriculture. At one time I.A. Shiklomanov noted the fact that Central
Asia has the greatest anthropogenic load on water resources in general.
There is no similar natural and ecological region in the whole world as in
Central Asia, where more than 75% of all water resources of the world are
used. In this regard, there is a very deep lack of water resources in this
region, which in turn reveals the need to change traditional methods of
water use [1].

According to the Water Code of the Republic of Kazakhstan: “Water
resources are the most important component of the natural environment,
a limited, renewable and vulnerable natural resource, are protected and
used on the territory of Kazakhstan as the basis for the life of peoples and
ensure the ecological, social and economic well-being of the population,
as well as the existence of flora and fauna. The classification of water
resources is shown in Figure 1. The main goals achieved by measures to
rationalize water use:

1. Renewability. To ensure the availability of water resources for fu-
ture generations, fresh water intake should not exceed the natural water
replacement rate.

2. Conservation of energy. Water pumping, delivery and wastewa-
ter treatment activities consume significant amounts of energy. In some
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regions of the world, 15% of total energy consumption is spent on water
management activities.

3. Preservation of natural habitat. Reducing human consumption
of water helps to preserve the natural aquatic environment, which is im-
portant for local flora and fauna, and also increases the total water flow.
It also reduces the need to build new dams and other facilities for water
intake.

Water management measures include:

1. Any significant reduction in water loss, use or pollution, as well as
preservation of the quality of water resources.

2. Reducing water use by introducing water conservation measures
or increasing water use efficiency.

Implementation of water resource management systems that reduce
or favor the reduction of excess water consumption.

Research objects. Kazakhstan is not rich in water resources, and
they are not evenly distributed on its territory. There are over 85 thou-
sand rivers and temporary reservoirs in the republic. (Periodically dry-
ing up rivers due to climatic conditions of the year). The main source of
their filling is glaciers and snow. In total, there are 2,724 glaciers with
a total glaciation area of about 2 thousand square km. There are 48
thousand lakes in the republic, of which 45 are small, the area of which
is less than 1 sgq. km. The lakes are located unevenly on the territory:
either they are hundreds of kilometers apart from each other, or they
are located so densely that they form lake areas. The renewable water
resources of the basins usually consist of the runoff recorded in the
outlet sections of the rivers, the inflow of water below these sections,
as well as the runoff of unexplored rivers. Since in the lower reaches
of rivers in lowland Kazakhstan, the runoff is usually scattered, some-
times even to the point of complete disappearance, when calculating
the total water resources, data were used for the sections with the
maximum runoff [2].

The most recent data on river flow in the Republic of Kazakhstan
include the work carried out within the framework of the project “Ra-
tional use of water resources with an increase in the areas of regular
and inundation irrigation in all water basins of the Republic of Ka-
zakhstan until 2021” (Figure 1). Where, on the scale of 8 water basins,
both average water resources and resources in water-specific years
were estimated (50, 75, 95% of availability). Studies have shown that
the total resources of surface waters formed in Kazakhstan and com-
ing from the territories of neighboring states are on average 122.0
km3. Water resources formed within Kazakhstan amount to 58.0 km3.
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The inflow from neighboring states is determined at 67.2 km3, includ-
ing about 26 km3from China, 10.6 km3from Russia, 26.5 km3from
Uzbekistan, and 4.1 km3from Kyrgyzstan. As a result, if in the 50s of
the last millennium, the surface runoff resources of Kazakhstani riv-
ers were estimated at 150 km3year, in the 70s and 80s - at 115...125
km3year, then, as follows from the above data, they have decreased
even more [3].

At the moment in the Republic of Kazakhstan there is a pressing
problem of lack of water resources. In this regard, Kazakhstan has in-
troduced a system of full and partial management of water resources
for separate water basins. Since most of the country’s renewable water
resources are transboundary rivers, our country (in the case of 7 water
basins) is entirely dependent on neighboring countries. With the growth
of the population, respectively, the demand for water resources is in-
creasing every year. The problem of water scarcity is acutely reflected
in economic activities and water use in general in South Kazakhstan.
Population growth, widespread development of irrigation, growth rates
of infrastructures have led to an increase in the use of more and more
water supplies. In general, the country has implemented many projects
for the integrated management of water resources of transboundary riv-
ers and there are effective strategies. “Strategy Kazakhstan - 2050” [4]
is a vivid example of one of such large-scale undertakings. The main
concept of the strategy is a gradual transition to integrated water re-
sources management based on global experience, new methods and
approaches to solving the water problem. Currently, the resource-based
approach prevails in water management, that is, meeting the needs of
water users in general, rather than settling the demand. Low efficiency
of water management, especially in key areas such as irrigation, leads to
an acute shortage of water resources. There are 150 wastewater receiv-
ers on the territory of the Republic of Kazakhstan. Including wastewater
discharges to the terrain - 7, to filtration fields - 38, to storage ponds - 20,
to ponds with evaporators - 18, and to biological ponds - 7 and others.
The category of discharged wastewater is mainly domestic, industrial,
quarry, mine and mixed. Purification type: mechanical, natural and arti-
ficial biological [4].

More than 0.81 km3of wastewater is discharged into water bodies
annually. Industrial enterprises are considered the main pollutants, they
account for 63.1% of all wastewater, housing and utilities - 24.9% and
agriculture - 11%. The water management complex of the Republic of
Kazakhstan has 44 thousand water facilities, which are distributed as
follows (Figure 2).
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m By types inacoordance with all-Union State Standard (GOST) 25151-82

m Bywater use purposes. Inaccordance withall-Union State Standard (GOST) 17.11.04-08
m By purpose of use

m By water use objects

m According to the conditions of prelinrinery treatrrent of water resources

m Subject to availability

m According to the tems of renewability and exteustion

m According to the conditions of formration and location

Figure 1 - Classification of water resources [7]

The largest are complex hydroelectric complexes, which include 35
hydroelectric power plants with a total capacity of 2.7 thousand MW, the-
oretically, the capacity of all the country’s hydro resources is 170 billion
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kWh per year, which is about 23% of the total capacity in the Republic of
Kazakhstan as a whole (Figure 2).

Industry

Figure 2 - Percentage ratio of the main water users of the Republic of
Kazakhstan [10]

Research methods. Water resources, their peculiarities and function-
al structure, the possibility of their rational management, which is deter-
mined by the water-resource potential of the territory, were studied by A.B.
Avakyan, O.F. Balatsky, Yu.P. Belichenko, A.M. Gareev, N.l. Koronkevich,
L.M. Korytnyi, S.N. Kritsky, M.l. Lvovich, N.F. Menkel, V.V. Morokov, |A.
Shiklomanov and etc. The works of many scholars (A.B. Avakyan, V.V.
Varankin, V.N. Gerasimenko, A.A. Golub, K.G. Hoffman, A.A. Mints, T.S.
Khachaturov, etc.) are dedicated to the issues economic assessment of
water resources of the territory. However, the changes taking place both in
the country’s economy and in its ecological situation and in water manage-
ment as a whole necessitate an additional in-depth study of the problems of
rational use of the region’s water resources, their protection and restoration
based on the formation of effective economic relations in water use.

The aim of this work is to analyze the foundations of rational water
management and the main economic instruments that affect the water use
process in Kazakhstan, as well as the structure of water resources man-
agement in the South Kazakhstan region. To fulfill the solution of tasks
and goals, the main methods of statistical and system-oriented analysis
were applied, general scientific methods of comparison, an abstract-log-
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ical method, economic and mathematical methods, expert assessments
were used. General summary and quantitative indicators were given for
the main characteristics of river flow and water use. Besides, analytical
research methods have created a structure of units in the main field of
study. The information data base is legislative and regulatory legal acts,
instructive and methodological documents in the field of water resourc-
es and water management, statistical data of the Agency on Statistics of
the Republic of Kazakhstan, reports on monitoring water resources of the
Hydrometeorological Center of the South Kazakhstan region, theoretical
and factual materials in the works of domestic and foreign specialists in
the field of hydrology, ecology and conservation of natural resources. The
main factors of irrational use of water resources include:

- deterioration and unsatisfactory technical condition of hydraulic
structures and water supply and sewerage facilities;

- the use of outdated water-intensive production technologies;

- excessive pollution of water bodies, emergency discharges of pol-
luted waters;

- high level of water losses during transportation;

- insufficient equipment of water intake facilities with metering sys-
tems;

- orientation towards extensive development, as well as neglect of
water use efficiency issues;

- lack of a unified management system for the water management
complex, lack of qualified personnel and, as a result, a large number of
inadequate decisions in the field of water use;

- imperfection of the tariff policy, both in terms of water use and
wastewater disposal, and in terms of penalties and preventive sanctions;

- the lack of effective economic mechanisms stimulating business
to actively introduce progressive water-saving production technologies,
systems of recirculating and re-sequential water supply and reducing un-
productive water losses.

Results and discussion. The economy of Kazakhstan uses more
than 20-24.8 km3of water annually. The state of the water management
complex of Kazakhstan and the presence of a number of major problems
in water use indicate the need to take measures to rationalize it [5]. And
although at the present time a complete solution of problems in the field
of water use seems impossible, there are a number of directions that al-
low solving existing problems and smoothing out the contradictions that
arise. The classification of the main directions of the rational use of water
resources is presented in table 1.
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Table 1 - Classification of the main directions of rational use

Organizational

Economic

Legal

Technical

of water resources
Directions of rationalization of water use
1. Ensuring Integrated Water Resources Management
2. Basin principle application
3. Norm setting

4, Carrying out timely preventive and current repairs of hydraulic
structures and pipelines

1. Promotion of rational water use

2. Application of penalties for irrational use of water resources
3. Improving the efficiency of tariff policy

4. Payment for all types of water use

1. Restoration of water sources: cleaning of river beds and
reservoirs; reducing the number of discharges of pollutants;
restoration of sanitary zones

2. Protection of water bodies

3. Creation of reserve sources of water supply: groundwater;
precipitation; treated waste water

4. Introduction of water-saving technologies
5. Organization of water monitoring systems

6. Development of methods for predicting the qualitative and
quantitative state of water resources

7. Improving the quality of hydro forecasts

1 Implementation of innovative technologies for water
resources purification

2. Development of low water and ahydrous technologies

3. Development of machinery and equipment with less water
loss

4. Creation of group systems of recycling water supply

5. Improvement of schemes and technologies for the use of
water resources

6. Implementation of water pipe self-cleaning technologies

The water intensity of the country’s gross domestic product signifi-
cantly exceeds that of the economies of such developed countries as
Germany, France, the USA and Canada. A high level of water capacity
is characterized not only by the country’'s economy as a whole, but also
by individual industries and agriculture. Reducing water capacity is a pre-
requisite for the transition to rational water use. It is necessary that at the
“entrance” to the system, water resources are rationally used, and at the
“exit” - the established standards for the negative impact of production
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factors on water bodies and product quality indicators are observed. The
presence of a large number of factors of irrational use of water resourc-
es and a high level of water capacity of the country lead to the need for
measures to rationalize the process of water use as a whole [6-8]. The
main strategic goal of state water management is to achieve and main-
tain an economically efficient and environmentally safe level of water use.
Achievement of the dialectical unity of “economically efficient and environ-
mentally safe level of water use” is defined by us as “sustainable water
use”, which is characterized:

- balanced satisfaction of the needs of economic development and
ensuring the reproduction of water resources;

- balancing the implementation of the rights of present and future
generations to use economically efficient and environmentally safe water
resource potential.

To achieve this goal in conditions of limited economic opportunities,
both for water users and the state, when determining the main directions
for the effective development of water management, it is necessary to
proceed from the principle of ergonomizing decisions made (minimizing
costs in water use and choosing environmentally effective solutions that
have at the same time a positive economic effect). One of the most
topical and innovative ways to solve the problems of rational water use
is virtual water. The concept of the XXI century, which has been wide-
ly studied in the scientific community in recent years. According to the
research of Christian Opp, [9, 14, 16] the relevance of this topic dates
back to 1998, when the world community raised the alarm about the
irrational use and lack of fresh water. Since then, there has been a lot
of research on this topic, and now in the “Age of Water”, it is relevant for
every person.

Research into virtual water and the water footprint has attracted the
attention of many scientists from different angles. Scientists from China,
the Netherlands, USA, Germany, Sweden and Great Britain can be con-
sidered the leaders of research, who in turn have introduced many new
concepts. In theory, the studies pay more attention to the countries of the
Middle East, Central Asia and Africa, which are currently considered the
driest regions with water deficiency [17]. The range of implementation of
related water protection tasks should be limited to the most urgent and
socially significant ones, as well as those implemented by the state with-
in the framework of state and regional programs for the protection and
restoration of water resources and water users at the expense of their
own profits in the framework of economic activities in accordance with the
current legislation.
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Most of the water used in the region is taken from the two main
rivers, the Syr Darya and the Amu Darya, which form in the Pamir and
Tien Shan mountains. The Syr Darya flows from Kyrgyzstan through
Tajikistan to Uzbekistan (including through the densely populated Fer-
gana Valley) and Kazakhstan, the Amu Darya - from Tajikistan to Uz-
bekistan and Turkmenistan. The water resources of the Syr Darya, the
average annual flow of which is 37 km3, are distributed as follows: 74%
falls on Kyrgyzstan, 14% on Uzbekistan, 9% on Kazakhstan and 3% on
Tajikistan. More than 80% of the Amu Darya runoff, the average long-
term runoff of which is 78 km3, is formed in Tajikistan, 6% in Uzbeki-
stan, 2.4% in Kyrgyzstan, 3.5% in Turkmenistan (with Iran) and 7.9%
in Afghanistan [10,15].

Water bodies on the territory of the South Kazakhstan region
(hereinafter - water bodies) are represented by the main reservoirs,
the Syrdariya and Amudaria rivers and their tributaries, natural and
artificial reservoirs, rivers, lakes, ponds and swamps. The modern
structure of water management in Kazakhstan and on the territory of
the South Kazakhstan region, the main direction of water use in the
lower reaches of the Syr Darya is agriculture, mainly regular irrigation.
The main water users: the North Aral Sea and the Saryshyganak Bay,
the Syrdarya river delta, ecosystems on the Syrdarya river section
from the Shardara reservoir to the city of Kazalinsk [10]. The devel-
oped joint operating mode of the Shardara reservoir and the Koksaray
counter-regulator, as well as the reconstruction of irrigation networks
with an increase in the efficiency, allow achieving sufficient water con-
tent in the planned irrigated areas for the entire period. The reserve
for growing fodder is the Koksarai counter-regulator operating in the
mode of deep-water estuaries, which will compensate for the short-
age of products associated with the exclusion of flooded hayfields in
very dry years (95% supply). The requirements of other sectors of the
economy are small compared to the requirements of regular irrigation
and are constantly met.

As a rule, programs for the protection and rational use of water are
initiated at the local level, either by local municipal authorities or region-
al structures. All water resources management structures are poorly
equipped with tools for supplying and exchanging information at the pres-
ent stage. Water management organizations and local water resources
management bodies do not have access to the most basic and important
data on water utilization for economic activity. The modern structure of
water management in the Republic of Kazakhstan on the territory of the
South Kazakhstan region is shown in Figure 3.
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Figure 3 - The structure of water resources management of the Republic of
Kazakhstan on the territory of the South Kazakhstan region

As can be seen from Figure 3, water resources management bodies are
closely interconnected with each other, but do not belong to a single base of
water resources management in the country, and those countries with trans-
boundary rivers. This means that the system itself cannot allow timely and
unified data exchange, which could be a unified database on water resources
throughout the Syr Darya basin in the territory of all three countries through
which the river flows. Whereas, the integrated water resources management
at the interstate level should gradually resolve this problem. At the State level,
by the Decree of the President of the Republic of Kazakhstan dated June 17,
2019 No. 17 “On measures to further improve the system of public adminis-
tration of the Republic of Kazakhstan”, the Ministry of Ecology, Geology and
Natural Resources ofthe Republic of Kazakhstan was created with the trans-
fer of functions from the Ministry of Agriculture of the Republic of Kazakhstan
in the field of use and protection of the water fund, water supply, sewerage,
forestry. Thus, the quality and quantity of water resources are the main devel-
opment criteria for any state, on which the health and well-being of citizens of
the republic directly depends [8-11].
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The concept of the new State Program for Water Resources Manage-
ment of the Republic of Kazakhstan was developed in accordance with the
Water Code of the Republic of Kazakhstan and the Protocol of the Security
Council meeting dated June 26, 2019 “On ensuring water security”. In this
regard, the main goal ofthe Concept is to determine the main ways to solve
the problems of conservation and rational use ofthe country’s water resourc-
es, to ensure the balance of socio-economic development and the possibility
of reproduction of water resources at the level of the requirements of the
standard water quality - “sustainable water use”. The concept will serve as a
basis for improving the legal framework, developing measures for the devel-
opment of the water sector ofthe economy and state policy on water resourc-
es management and water use. Thus, water resources are a factor of life and
habitat, as well as the most important economic resource for all spheres of
human economic activity. Currently, it is necessary to ensure the rational use
of natural resources, their protection from pollution and degradation, as well
as skillfully restore, multiply and control them for the benefit of human society.

Conclusions.

1. The urgency of the problem of water management is determined
by the deplorable state of the industry, and repeated attempts to solve
separate issues did not change the situation as a whole.

2. There is a need for a transition to modern methods of management,
active involvement of the experience of developed countries. For the most
efficient use of water resources and sustainable economic growth, a coordi-
nated development of economic sectors is required, taking into account the
limited water resources and variability of surface and ground waters within
river basins and the permissible environmental load on water bodies.

3. In connection with the uneven territorial distribution of water re-
sources and their transboundary character, it is advisable to allocate
areas for the development of water-intensive industries, increasing the
development of hydropower potential, the development of irrigated agri-
culture, fisheries, etc.

4. Water resources as an object of management are a complex phe-
nomenon and require a special approach for the formation of governing
bodies with a clear division of their sphere of influence and responsibility.
The main drawback of the existing management system is poorly estab-
lished processes of exchange and access to information.

5. The issues of improving the economic mechanism for stimulating
rational water use inthe South Kazakhstan region, in particular, increasing
the functional effectiveness of the restrictive and incentive tools of this
mechanism, remain insufficiently studied. Also, the interaction of elements
of the economic mechanism has been poorly studied.
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W ater resources management in the country is not very well estab-
lished in terms of information exchange. The basin management princi-
ple provides a full range of broad possibilities of the structural component
in water resources management, however, the practice shows that water
use expenditures do not always coincide with the expected-predicted
surface runoff resources. There are many factors influencing this inac-
curacy: environmental, economic, climatic, demographic, etc. All these
factors significantly affect the overall picture of rational water resources
management. The processes of exchange and access to information are
poorly established. Water management organizations do not have ac-
cess to information from other governmental organizations. There is no
organization technically capable of forming and maintaining a complete
database on the water sector, which leads to a lack of environmental and
economic information for interested persons and reduces the objectivity
of decisions regarding the management and use of water resources.
It would be preferable to consider new concepts in the use of water
resources. The concept of virtual water can help water consumers to
use more rational ways of irrigation of the drainage system and change
the opinion about the cultivation of traditional crops and change over to
crops that are less sensitive to frequent and abundant irrigation, and to
reconsider priorities.
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