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Abstract: This paper discusses assessment of the water sources of Western Kazakhstan. It is one of
the territories with the lowest water supply in the country, consisting of Aktobe, Atyrau, West
Kazakhstan, and Mangystau regions. The distribution of water resources was assessed by
administrative units. When assessing renewable water resources of rivers and streams by
administrative units, it is necessary to identify a local runoff, inflow from adjacent administrative
units, outflow from the assessed administrative unit, as well as the total resources of administrative
units. Currently, small-scale maps, satellite and geoinformational images are used for a more accurate
identification of the number of water bodies in the region and the lake percentage in certain areas.
The impact of anthropogenic activities significantly distorts natural water reserves, the
anthropogenic load on river runoff and lake resources has been assessed. A number of maps were
built, namely, specific water supply of the population and territory with total resources; lake
percentage; load on total resources; and an indicator of water stress of total resources by
administrative units. Thus, surface water resources of Western Kazakhstan are fresh water reserves
contained in such water bodies as rivers, lakes and reservoirs, amounting to 14600 million m?.
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1. Introduction

Water resources are a national treasure in all countries of the world, and water supply is a key
indicator of sustainable development of society in social, economic and environmental aspects. In
accordance with United Nations General Assembly Resolution No. 70/1 “Transforming our world:
the 2030 Agenda for Sustainable Development,” one of the Goals of sustainable development is to
ensure the availability and rational use of water resources [1].

The Food and Agriculture Organization of the United Nations emphasizes the great importance
of water resources for ensuring food security and nutrition in the world (water is crucial for
agriculture, which accounts for up to 72% of global fresh water consumption). Taking into account
climate change and population growth, ensuring access to clean water and sustainable management
of water resources are becoming important tasks for the global community [2].

Over the past thirty years, fresh water resources have been declining in all regions of the world,
and water supply and quality have been decreasing around the world at an alarming rate. These are
crucial and worrying trends. The reduction in fresh water resources, climate change, droughts, floods
and pollution of water sources (increasing load on water resources of our planet) are serious
challenges for the sustainable use of water and meeting the needs of the mankind. The world's water
resources face an unprecedented load as a result of population growth and economic development.
Estimates show that in present-day conditions, a water shortage of 40% is expected in the world by
2030, if we compare the predicted demand and available water resources [3].

Climate change exacerbates the situation by increasing the unpredictability of water availability,
as well as the frequency and intensity of floods and droughts. In the conditions of increasing water
scarcity, determining who can use water resources, for what purposes, in what amount and in what
capacity, where and when, in other words, determining the distribution of water resources is a

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202502.1619.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 February 2025 d0i:10.20944/preprints202502.1619.v1

2 of 16

serious problem [4-15]. This is particularly true for Western Kazakhstan, which is one of the regions
with the lowest water supply that depends on the inflow from Russia.

Rich natural resources, advantageous location, and a developing economy that has ties to many
cities in Russia and other countries create favorable conditions for the successful development of the
region’s foreign economic activity. Western Kazakhstan includes West Kazakhstan, Atyrau,
Mangystau, and Aktobe regions. Its vast territory extends 1200 km from north to south and 1300 km
from west to east. Oil production has been carried out in the region for more than 100 years. Atyrau
is the center of black caviar production and canning.

The geographical location of Western Kazakhstan characterized by arid climate explains the
fresh water shortage and the predominance of deserts and semi-deserts in most of its territory.
Western Kazakhstan is mostly a desert or steppe region, with many of its rivers and lakes drying up
regularly. This makes the Zhaiyq (Ural) River, which is considered to be the border between Europe
and Asia here, the main waterway of the region; it is the only non-seasonal river that runs from north
to south through the western part of the region all year round. These factors complicate the
development of agriculture, especially crop farming, as well as the work of industrial enterprises.

Western Kazakhstan has been and remains the region with the most severe natural and climatic
conditions in the republic. These problems have become especially acute over the past decades of
intensive development of the region by oil and gas companies and military organizations. Of all the
riverine zones, only the basin of the Zhaiyq River, the largest one here, remains suitable for a more
or less normal life. Zhem, Oiyl and Temir, which have earlier been life-giving, water-abundant and
ecologically safe rivers, are drying up. The largest lakes are Inder, Aralsor, and Kamys-Samar Lakes.
The Caspian Sea plays an important role in the region. As a result, 90-95% of the territory of Western
Kazakhstan is characterized by a painful struggle for survival: people strive to last at any cost until
they get the opportunity to move to one of the major administrative or industrial centers. Earlier, all
these lands were used for the needs of the agricultural sector of the region.

In this regard, assessing the state of water resources in the territory of the Western region is an
urgent issue in terms of water supply of the population amid the changing climate and anthropogenic
impact.

The oil and gas boom, expressed in the influx of foreign investment and the steady growth of
production figures, is observed in all four regions of Western Kazakhstan. This development is also
based on water supply, like any other industrial production.

2. Materials and Methods
2.1. Study Area

Western Kazakhstan is an economic and geographical region in the north-west of the Republic
of Kazakhstan, located in Eastern Europe and Central Asia in the area of 41°10/-51°45/ north latitude
and 46°20/-64°0/ east longitude. Western Kazakhstan consists of 4 regions (Atyrau, West Kazakhstan,
Aktobe and Mangystau) and 32 administrative units. It is bordered in the north by the Russian
Federation and in the south by the republics of Uzbekistan and Turkmenistan. In the west it is washed
by the Caspian Sea, and in the east it is bordered by Ulytau, Kostanay, and Kyzylorda regions of the
Republic of Kazakhstan. The territory in question extends from the eastern edge of the delta of the
Volga River in the west to the Turan lowland in the southeast, from the southern spurs of the Urals
and the Obshchy Syrt in the north to the Ustyurt plateau and Turkmen deserts in the south. The total
area of the territory is 736,241 km?, extending 1,200 km from north to south, and 1,300 km from west
to east (Figure 1). Western Kazakhstan is the largest economic and geographical region of the country
in terms of the occupied area, and one of the most important regions for the economy of the Republic
of Kazakhstan. The key sectors of its economy are the development of oil and gas fields, agriculture,
and fishery [16].
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Figure 1. Geographical location of the study area. DEM, digital elevation model.

The peculiarities of the terrain, the vegetation and topsoil, and the climate are the reason for the
specific conditions of the river system distribution. The river system distribution in West Kazakhstan,
Atyrau and Mangystau regions is due to the presence of the Caspian Sea in the southwest and the
mountain structures of the Southern Urals in the northeast, so the general flow direction of rivers
here is from northeast to southwest. In Mangystau Region, the hydrographic network is developed
very poorly and is characterized by a more uneven distribution. Closed drainage basins are
widespread here, surrounded by a large number of dry beds, river arms and gullies, where surface
runoff is carried out only in spring and autumn. The river system distribution in Aktobe Region is
due to the meridional location of the main watershed of the Mugalzhar Range and the aridity of the
climate in most of its territory.

The region in question has over 1500 rivers and temporary streams with a length of more than
10 km, the total length of which exceeds 45000 km; more than 10 rivers have a length of more than
200 km. The main surface water sources of the region are the northeastern and eastern shores of the
Caspian Sea, the rivers Zhaiyq, Oiyl, Zhem, Sagyz, Torgay, Yrgyz, Elek, Or, Kobda, Shagan, Karaozen
and Saryozen, the delta branches of the Volga, such as Kigach and Sharanovka, and other small rivers.
There are 325 lakes of various origins in Western Kazakhstan with water surface areas of 1 and more
km?. Lakes are located unevenly. They are either hundreds of kilometers far from each other or are
located so densely that they form lake areas (the basin of the Torgay River within Aktobe Region)
[17-22].

2.2. Methods

In terms of economy, it is very difficult to divide surface water resources between districts and
plan various activities based on their specific volumes, on which planning in other districts depends
at the same time. However, there are certain industry tasks within which these issues have to be
addressed. Practical requirements can be met with an integrated approach, using sufficiently reliable
materials and the correct methodology and calculation scheme.

The main difficulty in assessing surface waters by administrative units is that the boundaries of
administrative units do not correspond to the natural boundaries of river basins. It is especially difficult to
do it for territories located in arid zones, where a basin of one relatively small river can occupy the
territory of several administrative units.

When assessing renewable water resources of rivers and streams by administrative units, the
following characteristics should be considered:

— determining the local runoff (assessment of the runoff of the explored areas based on data from
stream gauges; determining the runoff from unexplored areas of an administrative unit using a runoff
isoline map or regional curves h=f(F), with further weighing relative to the entire area of an
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administrative unit or any part of it; the ration of the explored and unexplored areas of the territory;
assessment of the runoff from the unexplored area of an administrative unit by analogy with the
explored one);

— determining the inflow of water from adjacent territories (determining the inflow with the use of
data from stream gauges at rivers flowing into a given area located near the borders of administrative units;
bringing the values of the runoff of the river in question to the border of the studied administrative unit by
interpolating the normal runoff with respect to the river length);

— determining the outflow of water outside this administrative unit (by analogy with an inflow,
taking into account the runoff values of stream gauges located at effluent rivers);

— determining the transit runoff, which includes waters that flow through the territory of a
certain administrative unit, except for the part that is lost due to natural losses;

— determining the inflow of water from abroad and outflow from the country based on data on the river
runoff from the river stations located near the state borders;

— determining the total resources of administrative units by summing up local runoff and inflow from
adjacent districts.

Currently, small-scale maps, as well as satellite and geoinformation images are used to
determine the number of reservoirs in the region and the lake percentage in specific areas (regions
and administrative units) more precisely. The ArcGIS 10.5 software package was used to work with
spatial data. Vector layers of the hydrological network of the region were used as the basis for
creating a geodata database of the lakes of Western Kazakhstan. To determine the area from 0.95 km?
and the number of natural reservoirs, raster topographic maps with a scale of 1:100000 were used,
which were vectorized during the work. Later, the area of the lakes was refined by decoding satellite
images of the earth’s surface with multispectral (6 ranges) 30-meter resolution imaging made by the
ETM+ camera of the Landsat7 satellite of the United States Geological Survey (USGS) in 1984-2020.
Based on the data obtained, the relevant electronic layers of maps were compiled, and an analysis of
the distribution of lakes across the administrative units of the region was conducted [20].

Climate change has a significant and diverse impact on water resources. There is growing
evidence that climate changes occurred over the past decades have already affected the global
hydrological cycle, for example, by changing seasonal river runoff [23]. Anthropogenic activities,
including economic ones, lead to greater consequences of climate change. The latter poses an
additional danger to the regime of runoff, which plays an important role in maintaining the activity
of aquatic ecosystems. According to the Eighth National Communication, by the end of the XXI
century, a temperature increase more significant than the global average and the value for most other
Asian countries is predicted in Kazakhstan [24].

The dynamics of surface water resources over time contributes to fluctuations in the specific
natural water supply and is of particular importance for making schemes of the development of
productive forces in any territory, as well as for the use of water resources and their protection from
depletion and pollution. The natural specific water supply in high and low flow years may vary for
different territories.

The use of water for various economic needs is the main anthropogenic factor affecting the
surface water resources of large river systems and regions. Therefore, in order to assess the state of
water resources in any region, we should first get data on water consumption in this region and its
dynamics over a long period. In turn, the volume and structure of water consumption in the region
are determined by its social and economic development, population size, as well as physical and
geographical conditions. With data on water consumption, it becomes possible to characterize the
state of water resources, which is determined by comparing water resources available in a given
region with the volume of water used, as well as the population size [25].

For this purpose, various criteria and indicators are usually used (water stress index, water
supply per capita, dependency ratio). To assess water supply in various regions and countries, an
approach based on the use of the load on water resources (utilization ratio) applies, which is a
percentage ratio of total water consumption to renewable water resources. Renewable water
resources are the total of local water resources formed within the region in question plus the inflow
of river waters from adjacent territories. This approach to assessing water supply has been applied
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in the works of various researchers [26-29]. In the proposed approach, the degree of load on water
resources is determined according to the classification that includes five categories [25,30-33].

The paper by Shiklomanov [25] considers it more reasonable to estimate the real load on water
resources by taking the minimum annual average value of water resources over three consecutive
low water years of observations. Data for low water periods are, of course, significantly lower than
the average annual values, especially if there is high variability of long-term fluctuations in water
resources. These values, condtionally named as real water resources, together with the long-term
average annual values are used to assess the load on surface water resources.

In any case, this approach, based on an assessment of the degree of load on surface water
resources, does not fully characterize the shortage of water resources in a particular region, since it
does not take into account its population size. To account for this factor, it is proposed to use the
indicator of specific water supply, calculated as the ratio of real water resources less consumptive
water use to the population size [25].

The state of surface water resources in the region is estimated by the values of water supply,
which is understood as the amount of water per capita. In this context, two types of water supply,
namely, potential and actual water supply, should be distinguished. Potential water supply is the
ratio of long-term average annual renewable water resources to the population size. The value of
potential water supply gives an idea of the general state of water resources in the country in the
natural conditions of their formation, and allows giving a comparative characteristic of individual
regions and analyzing the dynamics of water supply over a certain period.

However, the use of potential water supply in estimates, especially for regions with limited
water resources, leads to a distortion of the objective situation, since potential natural water supply
is always overestimated compared to the reality. This is due to the fact that part of the water is not
taken into account, which is lost permanently when being used. Besides, in some years and periods,
water resources are much less than the long-term average annual values. To account for these
circumstances, for all administrative units that may face water scarcity in low water years, actual
water supply is analyzed together with the assessment of the load on water resources. The value of
actual water supply is the residual (after use) amount of water per capita in low water years.

The load on water resources and water supply are determined relative to the total long-term
average annual water resources, which makes it possible to assess the necessary measures to regulate
or redistribute river runoff, as well as eliminate existing or potential water shortages. According to
the other point of view mentioned in papers [34-37], the utilization ratio is calculated as the ratio of
water intake for household needs to the minimum water content of rivers in the limiting winter
period. This approach to calculating the water utilization ratio has fundamental advantages and
limitations. The advantages include taking into account the minimum need for water necessary to
maintain biological diversity and the ecological state of aquatic ecosystems. The limitations are its
one-sided approach that does not take into account many factors that affect water demand (for
example, changes in land use).

The paper by Shiklomanov [37] proposes an alternative option, according to which the
calculation of specific water supply is based on the sum of the amount of local water resources and
half of the inflow of fresh water coming from adjacent territories. Later, this approach became
widespread for both regional and global assessments [38-42].

Due to the significant water intake for household needs, the values of potential and actual
specific water supply are often specified; when calculating the latter, non-renewable withdrawals of
part of the river runoff are taken into account. As already noted, lake resources are an important type
of fresh water resources, and their use grows with an increase in anthropogenic activity. In this
regard, to carry out modern assessment of water supply, it would be of interest to consider water
supply of the Western region not only from renewable resources, but also from water resources
contained in natural and artificial reservoirs. Here, the data on water supply of the population from
natural water resources should be comparable with the results of the assessment of water supply
with renewable water resources.

One of the most common approaches in European practice is the Falkenmark criterion.
According to the Falkenmark indicator, a specific supply of less than 1700 m3/year shows water
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tension [43,44]. However, this criterion reflects only water reserves, but does not take into account
the need for water resources, assuming that demand is uniquely determined by the population of the
region in question [45]. An alternative approach is used to calculate the sustainability index, which
is the ratio of the volume taken from water sources to the total replenished volume of water [32].
When the sustainability index is used, we speak of water shortage if water consumption exceeds 20%
of renewable runoff, and of acute water shortage if this indicator exceeds 40% [46].

Thus, four approaches to the problem of water scarcity are used with appropriate indicators of
scarcity:

— Falkenmark index (IF), also known as the water stress index;

— criticality ratio (CR), also known as the UN indicator;

—index of the International Water Management Institute IWMI);

— water poverty index (WPI).

Of these four indexes, IF is the most widely used one, mainly due to its simplicity and clarity.
The use of the IF index makes it possible to assess the level of water consumption in a particular
country based on a number of threshold values.

The CR index approach is similar to the IF approach, as it also evaluates the ratio of water intake
from all available sources to all available water resources. According to it, the country is experiencing
a water shortage if the annual intake is from 20 to 40% of the annual water supply (renewable fresh
water), and a severe shortage if this figure exceeds 40%. However, both approaches have
disadvantages: they do not take into account the country’s technical and social ability to adapt to
water shortages, the fact that not all available water is drinkable due to its pollution, and other factors.

The IWMI approach is more flexible and takes into account a number of economic and
infrastructural factors characterizing water consumption. This index shows that insufficient water
supply may depend not only on water scarcity in its physical sense, but also on poorly organized
water supply infrastructure. For example, for the Democratic Republic of the Congo, which has rich
water resources, this approach shows that its inherent water shortage is a “second-order deficit,”
since it is primarily caused by the lack of funds necessary to supply water to consumers.

Meanwhile, this approach is not perfect too, since it does not take into account the “third-order
deficit,” when water scarcity is due to the lack of developed management institutions, and the
“fourth-order deficit,” when water scarcity is due to social relations and political processes.

The WPI index takes into account a number of factors that go unnoticed in approaches that use
other indices, including the potential of water management, water quality, the nature of needs met
by water supply, etc. However, due to its comprehensive nature, it turns out to be too difficult for
interpretation.

All the above indices provide information about water consumption in a very generalized form
— they allow analyzing the situation at a national and even regional level, but still overlook many
important details. At the same time, the approaches associated with their use should hardly be
considered adequate in political terms. Thus, the approach based on the use of the IF index, in fact,
involves the development of a policy to limit the population size, since water scarcity in this approach
is directly associated with population growth [47].

The combination of indices of all parameters can provide a general index of water security. An
important difference is whether the water security assessment will be used for comparison and comparative
analysis (for example, comparing water security of countries, cities and river basins), or for decision-making
(for example, to determine the preferable investment strategy for improving water security in a particular
case). Therefore, the above criteria are necessary for assessing supply of administrative units with
surface waters.

3. Results and Discussion
3.1. Assessment the Conditionally Natural Resources of Surface Waters by Administrative Units

Water resources of administrative units consist of a combination of local runoff (formed within
a given territory), inflow (from outside a given territory), and outflow (from a given territory). The
concept of transit runoff is also used, which includes waters running through the territory of a certain
administrative unit, except for the part lost due to natural losses. However, the resources of the
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Zhaiyq River that runs directly through the territory of administrative units have been included in
the total inflow and outflow to/from these administrative units. Here, there is uncertainty about the
passage of the border line and the problem of attributing the resources of these rivers to certain
administrative units. In order to avoid double counting, river resources have been considered
separately at the points of entering and leaving these administrative units.

The river runoff resources of Western Kazakhstan amount to 11360 million m3, of which the local
runoff resources in the territory of Kazakhstan are 3785 million m?, and the inflow from the Russian
Federation is 8595 million m3, while the outflow to the Russian Federation is 1037 million m3. The
region is 70% dependent on the inflow from Russia through the Ural River and its tributaries,
Karaozen and Saryozen [Certificate, 2024]. The assessment of supply with surface water resources
has been carried out using the indicators of supply of the population and the territory with locally
formed and total resources, taking into account the transboundary inflow from Russia (Figure 2).
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Figure 2. Specific supply of the population with total river runoff resources in the administrative units of Western
Kazakhstan.

The assessment of water supply shows that the Taskala district of West Kazakhstan Region is
the most water-rich area in terms of supply of the population with local resources, and the most
problematic areas are the districts of Mangystau and Atyrau regions, as well as Akzhaik district of
West Kazakhstan Region, which is due to the insignificant formation of local resources. As for supply
of the population with total resources, the picture differs significantly, since the most water-rich
districts are the districts where the Zhaiyq River runs, such as Akzhaik, Shyngyrlau, and Inder
districts.

When analyzing water supply of a territory with local resources formed in Kazakhstan, the most
water-rich districts are the districts located in the runoff formation zone.

In general, the most problematic districts in terms of water resources are the districts of
Mangystau and Atyrau regions, where almost no water resources are formed. To provide water
resources from the Kigash, the arm of the Volga River, through the Astrakhan-Mangyshlak main
water pipeline, water is supplied to Kurmangazy, Isatay and Zhylyoi districts of Atyrau Region, as
well as to the districts of Mangystau Region.

In addition to river runoff resources, our study has been the first to identify watersheds of 39
lakes with an area of more than 10 km? using the Google Earth Pro software. The minimum, average
and maximum lake watershed altitudes have also been determined using topographic maps and
Google Earth Pro software.

323 lakes of Western Kazakhstan with an area of over 0.95 km? have been grouped by
administrative units (region, districts); morphometric characteristics have been calculated for 41 lakes
with an area of more than 10 km? [20].
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According to our calculations, there are 323 lakes in Western Kazakhstan with a total area of
1944 km?. The region is characterized by an extremely uneven distribution of lakes, which is due to a
complex history of development and a great variety of landscapes. West Kazakhstan Region is
characterized by the highest lake percentage (0.42%), which is especially high in Terekti (2.47%) and
Bokey Orda (0.84%) districts. It is followed by Aktobe Region (0.34%). Here, the lake percentage of
some districts (Yrgyz) reaches 1.27%. The number of lakes in Atyrau and Mangystau regions is
significantly fewer. The lake percentage of Atyrau Region is 0.17% with the highest value for Inder
district (1.24%) due to a large Lake Inder, while the lake percentage of Mangystau Region does not
exceed 0.033% [20].

The surface water resources of Western Kazakhstan consist of the local water resources from
river runoff and the volume of water in lakes - 6588 million m?, as well as the transboundary inflow
of 8317 million m3. Thus, the total available surface water resources of Western Kazakhstan amounts
to 14163 million m3, of which 1037 million m? is the outflow through the Or, Elek, Kobda and Talovka
rivers.

3.2. Assessment of Anthropogenic Load on Surface Water Resources by Administrative Units

The surface water resources of Western Kazakhstan are widely used in various economic sectors.
Large reservoirs and many small ponds have been created on some rivers, which leads to changes in
the characteristics of the hydrological regime of water bodies.

Quantitative assessment of the use of water resources by economic sectors in the studied region
has been carried out on the basis of analyzing data of the 2-TP statistical form of departmental
statistical observation (water management) and annual reports of the Zhaiyq-Caspian and Tobyl-
Torgay basin inspectorates. 75-97% of water supply of economic sectors in Aktobe, Atyrau and West
Kazakhstan regions is provided by surface waters and the rest part - by groundwater, while in
Mangystau Region, over 90% of water supply is ensured by sea water.

In this paper, the assessment of the load on the river runoff resources of Western Kazakhstan
has been carried out for annually renewable local natural resources and total water resources, taking
into account the actual inflow in administrative units.

As for the long-term average values of local water resources, the greatest load (category V -
critically high load) on water resources) was noticed in Atyrau Region, where the volume of local
formation amount to only 34 million m3. West Kazakhstan has category III (high load on water
resources), while Aktobe and Mangystau regions have category II (moderate load on water
resources). In general, Western Kazakhstan belongs to category III (high load on water resources).

As for the long-term average values of total water resources of the area in question, all regions
except Mangystau Region, as well as Western Kazakhstan in general are characterized by low load
(category I).

According to the schematic maps (Figures 3 and 4), in terms of the long-term average values of
local runoff, almost all administrative units of Aktobe Region, except for Aktobe, Kargaly, Oiyl and
Yrgyz districts, and except for Kaztal, Zhangaly and Karatobe districts of West Kazakhstan Region,
are characterized by low load on the river runoff resources. In the districts of Atyrau Region, the
situation is completely different and is characterized by a critically high load on the river runoff
resources caused by the low formation of local resources. In Mangystau Region, the main source of
water supply is sea water. As for the load on total river runoff resources, the load on water resources
in all districts of Western Kazakhstan is not higher.
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Figure 3. The load on total river runoff resources by administrative resources of Western Kazakhstan.

Due to the natural dynamics of humidity and the growth of water consumption, transformations
of the lake fund as a whole or individual lakes and their groups are noticed. The transformations of
fresh lakes into the regularly, constantly, slightly and then highly saline ones are observed, which
leads to regular drying up of lakes or their complete disappearance. A difficult problem of preserving
the lake fund in connection with economic activity appears.

According to archival materials, there had been 420 lakes with an area of over 1 km? while in
2022, there were 323 lakes, that is, the number of lakes decreased by 23%.

Figure 4. Indicator of water stress of total river runoff resources by administrative units of Western Kazakhstan.

74 of 323 lakes in the region, that is, 23% of the total number, are regulated by reservoirs in the
watershed, as well as by pits in the lake beds and canals either for replenishment or for withdrawal
of water from lakes.

According to the archival materials of the Institute of Geography and Water Security JSC, in the
period from the 1930s to 1965, there were 420 lakes with an area of more than 1 km? in the region,
and the results of space surveys conducted from 1984 to 2022 showed that only 323 lakes with an area
of more than 1 km? remained. The largest decrease in the number of lakes occurred in Atyrau and
Mangystau regions (37 lakes out of 109 remained). A significant shrinkage of lake areas is observed.
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Lakes of Atyrau and Mangystau regions suffered a significant shrinkage from 614.4 to 257.4 km?. In
West Kazakhstan Region, the total area of lakes decreased from 728.2 km? to 653 km?.

Such a decrease is directly related to economic activity in basins, when lakes degradation is
caused by withdrawal of water for household needs from water sources. Only Aktobe Region did not
face changes in lake percentage, while a significant decrease occurred in Atyrau and Mangystau
regions (from 0.22 to 0.09%). In total, the lake percentage of the region decreased from 0.32% to 0.26%.

Water supply of the territory of Western Kazakhstan has been studied both in terms of
renewable resources and in terms of water resources contained in natural and artificial reservoirs
(Figure 5).

Aktobe region
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Figure 5. Specific water supply per capita ensured by lake waters in Western Kazakhstan.

3.3. To Assess the Current State of Surface Water Resources Taking Into Account Climate Change and
Anthropogenic Impact by Administrative Units

A large number of canals, reservoirs and other waterworks have significantly changed the
annual and long-term hydrological regime of rivers in the region. One of the main factors in terms of
the impact on the quantitative characteristics of river runoff is water intake from water sources or
water consumption.

The estimated values of load on water resources, as well as their combined analysis using the
data on water use allow analyzing the state of water use in each water management area. Based on
statistical data on water intake from the form 2-TP (Water management) and the reports of Zhayiq-
Caspian and Tobyl-Torgay basin inspectorates, we have obtained water use values by economic
sectors and calculated consumptive water use for them for each administrative unit. Thus, the river
runoff of Western Kazakhstan has decreased by 670 million m? due to consumptive water use only.

Currently, available river runoff resources of Western Kazakhstan amount to 10.7 km?, including
the natural local resources of 3.12 km3, the actual inflow from the Russian Federation of 8.32 km3, and
the outflow to the territory of the Russian Federation through the Or, Elek and Kobda rivers of 1.02
km?.

The assessment of water supply (Figure 6) shows that Taskala district of West Kazakhstan
Region, as well as Kargaly and Kobda districts of Aktobe Region are the most water-rich areas in
terms of water supply to the population from actual local river runoff resources, while the most
problematic regions are the districts of Mangystau and Atyrau regions, as well as Akzhaik district of
West Kazakhstan Region, which is caused by the low formation of local resources. In terms of supply
of the population with total resources, the situation is completely different: the most water-rich
districts are those where the Zhayiq River runs, such as Akzhaik and Shyngyrlau districts of West
Kazakhstan Region and Inder district of Atyrau Region; the most water—poor districts are the districts
of Mangystau Region.
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Figure 6. Specific water supply of the population with the actual total river runoff resources by administrative
units of Western Kazakhstan.

According to the assessment conducted for Aktobe Region, 210 natural reservoirs have been
identified on satellite images, of which 183 lakes have an area from 0.95 km? to 10 km?, and 27 lakes
have an area of over 10 km?2. The lakes are located unevenly. Most of them are located in the eastern
part, east of the 58t parallel - a total of 149 lakes, 128 of which have an area from 0.95 to 10 km?2, and
21 lakes have an area of over 10 km?2. The lake percentage of the territory is small. There is 0.34 km?2.
of water surface per 100 km? (including large reservoirs with an area of 0.36 km?).

According to our data, the area of lake coverage of Aktobe Region is about 1035 km?, and the
volume of water contained in them is 1073.21 million m3. More than 197.3 million m? are bitter. The
volume of fresh water amounted to 47.8 million m3, brackish lakes - 221.1 million m3, and saline lakes
- 607.1 million m3 Thanks to the construction of artificial reservoirs (without ponds), the water
surface area in Aktobe Region increased by more than 60 km?, and the volume of fresh water
contained in them increased by more than 490 million m?.

According to the assessment conducted for West Kazakhstan Region, 75 natural reservoirs have
been identified in satellite images, of which 68 lakes have an area from 0.95 km? to 10 km?, 7 lakes
have an area of over 10 km?, and 2 lakes have an area of over 100 km?2. The lake percentage of the
region is small and amounts to 0.43% per 100 km?, and taking into account reservoirs, it increases to
0.51% per 100 km?2.

The results of the assessments show that the total area of lake coverage in the administrative
units of West Kazakhstan Region is about 620.4 km?2. The volume of water contained in lakes is about
1535 million m?. Saline lakes with 1111.4 million m? of water prevail, followed by bitter lakes with
water volumes of 253.5 million m? and brackish lakes with volumes of slightly more than 170 million
m?. Due to the construction of artificial reservoirs (without ponds), the water surface area in West
Kazakhstan Region increased by more than 118.2 km?, and the volume of fresh water contained in
them increased by more than 565.4 million m?.

According to the assessment conducted for Atyrau Region, 32 natural reservoirs have been
identified in satellite images, of which 30 lakes have an area from 0.95 km? to 10 km?. 1 lake has an
area of over 10 km?, and 1 lake has an area of over 100 km?2. According to our data, the area of water
coverage of Atyrau Region by lakes with a water-surface area of over 0,95 km? is slightly more than
202 km?, and the volume of water contained in them is 156.54 million m3. Of more than 121.73 million
m3, bitter lakes have a volume of 47.8 million m3, brackish lakes - 21.71 million m3, and saline lakes -
13.1 million m?. There are no freshwater lakes.

According to the assessment conducted for Mangystau Region, 5 natural reservoirs have been
identified in satellite images, of which 2 lakes have an area from 0.95 km? to 10 km?, and 2 lakes have
an area of over 10 km2. The lakes are located hundreds of kilometers far from each other.
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Mangystau Region is poor in terms of renewable water resources and is considered one of the
most water-poor regions of the country. There are no open water bodies in the region suitable for use
in various farms, and it is also remote from large rivers. Even drinking water supply is provided: 1)
by using desalination plants of the Republican State Enterprise “Mangystau Nuclear Power
Engineering Plant,” which produces drinking water by desalting Caspian water; 2) by using the
Volga water supplied by the Astrakhan-Mangyshlak water pipeline; 3) from underground sources.

According to our data, the area of lake coverage of Mangystau Region is about 54.4 km?2. The
volume of water contained in the lakes is only 38.1 million m3; according to their mineral composition,
they belong to bitter lakes. There are no artificial reservoirs in the region.

Current state of surface water resources, taking into account climate change and anthropogenic impact.
Surface water resources of Western Kazakhstan are fresh water reserves in water bodies - rivers, lakes
and reservoirs - which amount to 14600 million m3. As for the supply of the region in question with
local surface water resources, the most water-rich area is Terekti district of West Kazakhstan Region,
which is due to the presence of lakes and reservoirs on its territory, and the most water-poor areas
are southern districts of West Kazakhstan and Aktobe regions, as well as all districts of Atyrau and
Mangystau regions, which have low local surface resources. As for the supply with total surface water
resources, the most water-rich areas are the districts where the Zhayiq River runs, such as Akzhaik,
Shyngyrlau, and Inder districts.

Due to the increase in the intake of surface waters from water sources, the anthropogenic load
on water resources is increasing. The highest, i.e., critically high load on local surface water resources
is observed in the Akzhaik district of West Kazakhstan Region and in all districts of Atyrau Region,
while the lowest load is observed in almost all districts of Aktobe Region except for the city of Aktobe,
as well as Oiyl and Kargaly districts. As for the total surface water resources, the load level decreases
due to the inflow from adjacent areas (Figures 7 and 8).
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Figure 7. Specific water supply of the territory with total surface water resources by administrative units of
Western Kazakhstan.
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Figure 8. Load on total surface water resources by administrative units of Western Kazakhstan.

5. Conclusions

Western Kazakhstan is 70 % dependent on the inflow from Russia through the Ural River and
its tributaries, Karaozen and Saryozen. The total water resources of the river runoff of the entire
Western Kazakhstan amount to 11360 million m3, 3785 million m3 of which are local resources.

323 lakes of Western Kazakhstan with an area of over 0.95 km? were grouped by administrative
units (region, districts). Morphometric characteristics were calculated for 41 lakes with an area of
more than 10 km?2. According to the archival materials of the Institute of Geography and Water
Security JSC, in the period from the 1930s to 1965, there were 420 lakes with an area of more than 1
km? in the region, and the results of space surveys conducted from 1984 to 2022 showed that only 323
lakes with an area of more than 1 km? remained. The total volume of water in lakes was as follows:
Aktobe Region — 1073,21 million m?, Atyrau Region — 156,54 million m3, West Kazakhstan Region —
1535 million m?, and Mangystau Region — 38,1 million m?. Total for Western Kazakhstan: 2803,45
million m?.

The surface water resources of Western Kazakhstan are fresh water reserves in water bodies -
rivers, lakes and reservoirs, which amount to 14,600 million m3.

Recommendations for the rational management of water resources in Western Kazakhstan:

1) It is necessary to strengthen the role of scientific research in the basins of the transboundary
Karaozen and Saryozen rivers to provide science-based water apportioning between Russia and
Kazakhstan.

2) To assess the current technical state and characteristics of hydraulic structures in the river
basins of Western Kazakhstan in order to find possible ways of creating new reservoirs or other ways
of induced recharge during floods.

3) To study annual changes in river runoff over several years in order to assess susceptibility of
the studied territory of Western Kazakhstan to dangerous hydroclimatic phenomena such as
droughts and floods.

This section is not mandatory but can be added to the manuscript if the discussion is unusually
long or complex.

6. Patents

As a result of the work presented in this manuscript, a copyright certificate was obtained for the
maps of water supply of the West Kazakhstan region by administrative districts (Certificate of Entry
into the State Register of Rights to Copyrighted Objects No. 50863 dated October 29, 2024).
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