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Water resources as a factor of ecological sustainability...

in the water resources of Kyrgyzstan and Kazakhstan during 2014-2024 and determine their impact
on the ecological sustainability of forest ecosystems. The research methods included the analysis
of hydrological data on the quantity and quality of water resources during the specified period, and
the analysis of scientific sources on the relationship between water balance, biodiversity, and soil
conditions. In particular, the water level in large rivers (Naryn, Ili), changes in water temperature,
chemical pollution, and the dynamics of forest areas were analysed. The results showed that
the water level in the Naryn River decreased by 8% due to melting glaciers and increased water
intake, while in the Ili River this figure was 6% due to reduced inflows from China and increased
water consumption. The average water temperature increased by 1.0-1.2°C, which reduced the
concentration of dissolved oxygen and negatively affected biodiversity. Water pollution from
industrial and agricultural discharges increased by 10-15%, exacerbating the degradation of coastal
ecosystems and biodiversity. The data indicate the relative stability of the overall forest fund of
Kyrgyzstan, but there is a decrease in the area of land covered with forest, which raises concerns
about the effectiveness of conservation measures. Reforestation shows unstable dynamics due to
climate change and water scarcity. The reduction in forest areas was 5% in Kyrgyzstan and 7% in
Kazakhstan, with the largest losses observed in the Ili River basin. The decrease in biodiversity in
Kazakhstan reached 12%, while in Kyrgyzstan, the decrease in forest area worsened the water stress
in mountainous regions. The findings highlight the close relationship between the state of water

resources and the ability of forest ecosystems to perform ecological functions

Keywords: climate change; biodiversity; biogeocoenosis; river basins; vegetation

Introduction

Water resources play a critical role in ensuring
environmental sustainability, especially in for-
est ecosystems, which are important natural
regulators of climate, water balance, and biodi-
versity. Kyrgyzstan and Kazakhstan, located in
Central Asia, are countries with diverse land-
scapes, where forests perform a key function in
maintaining ecosystem balance. However, these
countries face numerous challenges in the field
of water resources management, which makes
it necessary to investigate this issue in depth.
The importance of water resources in forest
ecosystems is conditioned by their ability to re-
tain soil moisture, regulate runoff, and ensure
the stability of local and regional climatic con-
ditions. However, climate change, forest degra-
dation and poor use of water resources threaten
the sustainable functioning of these ecosystems
(Mustafayeva & Tagiyev, 2023). In particular, in

Central Asia, reduced snow reserves, water pol-
lution, and increased anthropogenic impact put
significant pressure on natural systems (On-
gayev et al., 2024). Moreover, the transnational
nature of many water basins in the region re-
quires international cooperation to effectively
manage and conserve these resources.
Research in the field of water resourc-
es management in Central Asia covers a wide
range of topics. In particular, A.M. Anghelescu
& L.D. Onel (2024) analysed the role of the Eu-
ropean Union in developing water management
policies in the region, focusing on examples of
the Aral Sea demonstrating the need for inter-
national cooperation to overcome the water
crisis. Other researchers consider the reproduc-
tion of forest resources in the context of sus-
tainable development. For example, K.T. Abaye-
va et al. (2024) emphasised the need to optimise
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forest management in Kazakhstan, in particu-
lar, through the integration of water-saving
technologies. Research in the field of water
resources management in Central Asia covers
a wide range of topics. In particular, S. Mis-
sall et al. (2022) investigated the rational use
of forests along water basins in Kyrgyzstan, em-
phasising their role in maintaining the water
balance. B. Atantayeva et al. (2024) considered
the problems of ecosystem conservation and
security on the example of the territory of “Se-
mey Ormani” in Kazakhstan, emphasising the
need for integrated management of forest and
water resources. X. Wang et al. (2020) focused
on assessing water security and resource devel-
opment in Central Asia, which is important for
maintaining ecosystem stability in the region.
In turn, O. Abraliyev et al. (2024) investi-
gated the optimisation of irrigated land use in
Kazakhstan, pointing out the importance of a
systematic approach to water resources manage-
ment. The study by A. Ozenbayeva et al. (2022)
considered the legal aspects of the regulation of
transboundary water resources of the Republic
of Kazakhstan, in particular, the existing inter-
national treaties, national legislation and mech-
anisms of water resources management in the
context of regional cooperation were analysed.
Thus, there are a significant number of studies
that cover certain aspects of water resources in
the region, but not enough attention is paid to
their impact on the ecological sustainability of
forest ecosystems and the prospects for coop-
eration between Kyrgyzstan and Kazakhstan.
Gaps in the coverage of water resources in
Central Asian Forest ecosystems include in-
sufficient analysis of the relationship between
climate change, the state of water resources
and environmental sustainability. In addition,
the effectiveness of existing cooperation strat-
egies between countries, in particular, in the
field of forest and aquatic ecosystems conser-
vation, is relevant. Thus, the study is focused

on investigating the role of water resources in
ensuring the ecological sustainability of for-
est ecosystems in Kyrgyzstan and Kazakhstan,
considering current challenges and opportuni-
ties for cooperation. Its purpose was to analyse
the relationship between the state of water re-
sources and the stability of forest ecosystems,
assess the impact of water scarcity on forest
landscapes, and identify effective approaches
to their conservation and management.

Materials and Methods

A comprehensive approach was used to con-
duct the study, including the collection, anal-
ysis, and synthesis of data from various sourc-
es. The main materials of the study included
official statistics, environmental reports and
information obtained from the state registers
of water and forest resources of Kyrgyzstan and
Kazakhstan. The data used covered the peri-
od from 2014 to 2024, which allowed tracking
the dynamics of changes in the state of water
resources and their impact on forest ecosys-
tems. Data on the state of water resources in
Kyrgyzstan were obtained from the Ministry of
Natural Resources, Ecology and Technical Su-
pervision of the Kyrgyz Republic (n.d.), which
included information on the water level in key
rivers and lakes of the country, and the Nation-
al Statistical Committee of the Kyrgyz Repub-
lic (n.d.). For Kazakhstan, data from the Min-
istry of Ecology and Natural Resources of the
Republic of Kazakhstan (n.d.) were used, which
contained statistics on water consumption, the
level of water pollution, and the hydrological
state of rivers. In addition, information from
the Bureau of National Statistics (n.d.) on the
economic aspects of the use of water resources
in forestry was attracted.

Materials from the state registers of the
forest fund of both countries were used to as-
sess the ecological sustainability of forest
ecosystems. The data included indicators of
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biodiversity, the area of forest stands, and their
ecological state. In particular, official reports of
the State Register of the Forest Agency of the
Kyrgyz Republic (n.d.) and similar structures in
Kazakhstan were considered (Ministry of Ecol-
0gy..., n.d.). Regional forest restoration pro-
grammes, such as the “Zhasyl E1” programme
in Kazakhstan, which aims to increase forest
cover, were also taken into account. In addition,
the study was based on an analysis of the scien-
tific literature on the relationship between wa-
ter resources and forest ecosystems in the con-
text of environmental sustainability (Decree of
the Government of the Republic of Kazakhstan
No. 632 “On the..., 2005). In particular, papers
that consider regional aspects of changes in the
water balance and their impact on forest eco-
systems, papers that analyse the mechanisms
of adaptation of forest ecosystems to chang-
es in the water regime, and studies on natural
resource management based on environmen-
tal factors were analysed (Missall et al., 2022;
Wang et al., 2022).

The study included several stages of work-
ing with data. At the first stage, the initial in-
formation necessary for creating a single da-
tabase was systematised and processed. The
main focus was on the development of struc-
tured data on quantitative indicators of water
resources, forest cover area, biodiversity level,
and economic aspects of the use of natural re-
sources in Kazakhstan and Kyrgyzstan. Python
and Microsoft Excel software tools were used to
process large amounts of data. Python was used
to automate data collection, processing, and
pre-analysis processes, while Microsoft Excel
provided additional verification of the received
data and its visual structuring.

The second stage of the study included a
qualitative analysis of scientific literature and
statistical reports related to water resources
management, the state of forest cover, and the
impact of anthropogenic and climatic factors
on environmental sustainability in the region.
The main focus was on materials that highlight
local features of the relationship between water
resources and forest ecosystems. The collected
data helped to identify key impact factors and
assess their significance for ensuring ecosystem
sustainability.

At the final stage, the results obtained were
synthesised, which allowed formulating con-
clusions about the impact of water resources
on forest ecosystems. The results of the anal-
ysis contributed to a better understanding of
the main dependencies and helped to identify
recommendations for water management to
maintain environmental sustainability. The in-
tegrated approach provided a deep study of the
problem and allowed to formulate conclusions
that are relevant both for the scientific com-
munity and for practical use. Overall, the study
was based on the integration of statistical and
analytical data to gain a comprehensive un-
derstanding of the relationship between water
resources and the ecological sustainability of
forests in the region.

Results

General state of water resources of the re-
gions under study. Analysis of data on water
resources of Kyrgyzstan and Kazakhstan for the
period 2014-2024 indicates significant changes
in the level of water supply, water quality, and
hydrological state of key reservoirs in the re-
gion (Table 1).
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Table 1 shows the instability of the water
balance in Kazakhstan, where the annual runoff
varies from 87.3 to 160 mln. m®, which indicates
the impact of climate change. Although fresh
water intake remains stable (21.6-24.9 min. m?®),
the load on water resources reaches a critical
34%, and a decrease in the per capita intake
indicates an increase in demographic pressure.
In Kyrgyzstan, there is a stable intake of water
from natural sources (8,017.9-8,872.5 mln. m?®)
and a gradual increase in water consumption,
which in 2023 reached 6,028 mln. m®, main-
ly for agriculture. Compared to Kazakhstan,
Kyrgyzstan has a lower level of load on water
resources, but its dependence on groundwater
and irrigation increases. In Kazakhstan, the
high level of resource exploitation and instabil-
ity of the water balance require the introduc-
tion of effective water resources management.

In Kyrgyzstan, the average water level
in the main rivers, in particular in the Naryn
River, decreased by 8% compared to the initial
period of the study. The main reason for this is
the intense melting of glaciers caused by an in-
crease in average annual temperatures, which
leads to a decrease in the total ice cover and,
accordingly, long-term water reserves in rivers.
In addition, climate change is accompanied by
an increase in the frequency of droughts and a
shift in snowmelt regimes, which leads to addi-
tional stressful conditions for water resources.
Anthropogenic impact, in particular, water in-
take for irrigation agriculture and hydropower,

further exacerbates the situation (Ushkaren-
ko et al., 2024). An increase in the average
summer water temperature by 1.2°C leads to
a decrease in the concentration of dissolved
oxygen, which negatively affects the chemical
composition of water and the biodiversity of
aquatic ecosystems. In addition, according to
research, river water pollution caused by dis-
charges from industrial and agricultural enter-
prises has increased by 15% over the past dec-
ade (Wang et al., 2022).

In Kazakhstan, there is a similar trend of
decreasing water resources, in particular in the
Ili River basin During the analysed period, the
water level in the basin decreased by 6%. The
main factors are an increase in domestic wa-
ter consumption, in particular in agriculture,
where the area of irrigated land is actively ex-
panding, and a reduction in the inflow of water
from China, which is conditioned by the inten-
sive use of water resources for the economic
development of Xinjiang. Lower water levels in
Lake Balkhash, which is heavily dependent on
the Ili River, have led to degradation of coast-
al forest ecosystems, reduced biodiversity, and
soil salinisation. An increase in the water tem-
perature in the lake by 1.0°C, together with an
increase in the level of pollution by 10%, leads
to an increase in negative environmental con-
sequences, since pollution is usually caused by
the flow of chemicals from agricultural waste-
water and industrial enterprises (Kusmambetov
& Suleimenova, 2022) (Table 2).

Table 2. Changes in the state of water resources
in Kyrgyzstan and Kazakhstan for the period 2014-2024

Indicator

Kyrgyzstan

Kazakhstan

Average water level drop -8%

-6%

Increased seasonal
fluctuations in water levels

+10% variation

+8% variation

Water temperature rise

+1.2°C

+1.0°C

Pollution increase (water
quality index)

+15% (increase in the concentration of
harmful substances)

+10% (growth in industrial and
agricultural wastewater)
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Table 2, Continued

Indicator

Kyrgyzstan

Kazakhstan

Reduced dissolved oxygen
concentration

-0.5 mg/L (average reduction of 8%)

-0.3 mg/L (average 5% reduction)

Increased water consumption
(agriculture)

+12% compared to 2014

+18% compared to 2014

Source: compiled by the authors based on K.D Kusmambetov & S.Z. Suleimenova (2022), W. Liu et al. (2023),

G.N. Yusupova et al. (2024)

The results of the study indicate the need
to introduce adaptive measures in the field of
water resources management. In particular, it
is recommended to optimise water consump-
tion, modernise irrigation systems, and reduce
the anthropogenic load on river basins. This
will not only preserve water quality, but also
improve the ecological state of water bodies,
which is important for ensuring long-term en-
vironmental sustainability of the region. In ad-
dition, the study highlights the importance of
modernising water infrastructure, considering
conflicts of interest between different water
users, which is crucial for developing effective
water management strategies (Yusupova et
al., 2024). In addition, economic approaches
demonstrate that the introduction of econom-
ic incentives can become an effective means of
optimising water use, which, in turn, will help to
reduce the negative impact on water resources.

Generalisation of findings and analysis of
data for 2014-2024 indicate that in order to
ensure the sustainability of water resources
in Kyrgyzstan and Kazakhstan, it is necessary
to implement integrated measures aimed at
preserving water quality, modernising infra-
structure and optimising water consumption.
These measures should consider both natu-
ral and anthropogenic factors affecting water
resources, which will reduce environmental
stress and contribute to the long-term stabili-
ty of the region.

State of forest ecosystems in Kazakhstan
and Kyrgyzstan. The ecological sustainability
of forest ecosystems in the region has under-
gone significant changes under the influence of
water resources, which is directly reflected in
the area of plantings, forest structure and bio-
diversity level (Table 3).

Table 3. State of forest ecosystems of Kazakhstan and Kyrgyzstan for the period 2014-2023

. = «© - T s:': nE
Sa s &= =) E0s =) =) =E°)

S¢q g8 g5 §24 LEE S22 sg8

5 Ecs&' 28%s 2 72032 %a R AR

o 2he E7E 2o Sk g S8 3 593 225

= §8% | g% | g% @g= | Bgs | BEE | BEY

o

s SEE | SE g8 | z2® | 23° | 2%

= 29 < ~ 3
2014 29.3 12.6 4.6 1,171.8 706.3 1.5 25.0
2015 29.3 12.7 4.6 1,172.0 704.2 2.2 18.1
2016 29.4 12.7 4.7 1,172.0 704.1 3.7 33.2
2017 29.8 12.9 4.7 1,172.0 704.1 2.4 13.7
2018 30.1 12.9 4.7 1,172.0 704.1 2.4 10.3
2019 30.0 13.1 4.8 1,172.0 704.1 2.9 5.3
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Table 3, Continued
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2020 30.0 13.3 4.9 1,172.0 704.1 1.8 9.0
2021 30.6 13.6 5.0 1,171.9 704.0 0.7 6.5
2022 30.9 13.7 5.0 1,171.8 703.9 1.6 11.1
2023 30.9 13.7 5.0 1,171.7 703.9 1.6 12.5

Source: compiled by the authors based on National Statistical Committee of the Kyrgyz Republic (n.d.), Minis-
try of Ecology and Natural Resources of the Republic of Kazakhstan (n.d.), Bureau of National Statistics (n.d.)

Official data indicate the stability of the
total forest fund of Kyrgyzstan, which dur-
ing 2014-2023 remained at the level of about
1,172 thous. ha. At the same time, the area
of land covered with forest decreased from
706.3 thous. ha in 2014 to 703.9 thous. ha in
2023, which raises concerns about the effec-
tiveness of measures to preserve existing for-
ests. Reforestation shows uneven dynamics: if
in 2016 this indicator reached a peak (3.7 thous.
ha), then in subsequent years the area of new
plantings significantly decreased, reaching only
1.6 thous. ha in 2023.

However, independent studies indicate a
more alarming state of forest resources. In Kyr-
gyzstan, water scarcity, which is aggravated by
a decrease in the volume of ice cover and unfa-
vourable climatic conditions, led to a reduction
in the area of forest stands by 5% over the ana-
lysed period. This is especially acute in moun-
tainous areas, where lack of humidity limits the
natural processes of forest regeneration. Insuf-
ficient water resources lead to a decrease in the
density of plantings, slowing down the growth
of trees and increasing their vulnerability to
pests and diseases, which together leads to a
decrease in the number of key tree species by
about 10% (Missall et al., 2022). This, in turn,
negatively affects the ecosystem functionali-
ty of forests, reducing their ability to perform
important environmental services such as

carbon uptake and biodiversity maintenance.
The decrease in the area of forest-covered land
may be underestimated due to insufficient
monitoring and limited assessment methods.
In addition, there is a deterioration in the qual-
ity of forests due to damage to stands, which is
confirmed by significant fluctuations in wood
harvesting. For example, in 2019, this figure
was only 5.3 thous. m®, while in 2023 it in-
creased to 12.5 thous. m®, which is partly con-
ditioned by sanitary logging. To prevent further
degradation of forest ecosystems in Kyrgyzstan,
it is necessary to strengthen monitoring, devel-
op comprehensive forest restoration measures,
and improve forest resource management.
Official data show that in Kazakhstan, the
total area of land covered with forest increased
from 12.6 min. ha in 2014 to 13.7 mlin. ha in
2023, and forest cover remains stable at 5%
(Ministry of Ecology..., n.d.). However, these
data do not fully reflect the actual state of for-
est ecosystems, especially in regions suffering
from water scarcity, soil degradation and ero-
sion processes, in particular, in the Ili River ba-
sin. There is a decrease in the area of forest cov-
er by 7%, which is associated with a complex of
factors, including a decrease in the water level,
which affects soil moisture, increased erosion
processes, and degradation of soil resources.
Insufficient moisture caused by a decrease in
water reserves leads to a loss of soil fertility,
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which limits the ability of forests to self-heal.
Soil degradation in the Ili River basin leads to
a decrease in biodiversity: the number of both
endemic and economically important tree spe-
cies has decreased by 12% (Abayeva et al., 2024;
Atantayeva et al., 2024). These changes place an
additional burden on the ecological system, as
reduced diversity weakens the ability of forest
ecosystems to adapt to stressful impacts such
as droughts and climate change.

Forest restoration programmes, among
which the “Zhasyl E1” initiative in Kazakhstan
occupies a leading place, demonstrate a certain
local efficiency, which explains the increase
in total areas covered by forest (Forest Agency
of..., n.d.). This programme aims to increase
forest cover by planting new plantings and re-
storing degraded areas. However, at the region-
al level, the impact of such measures is insuffi-
cient to fully compensate for losses caused by
water scarcity and erosion processes. In addi-
tion, in many regions, there is a need for inte-
grated measures that combine the modernisa-
tion of irrigation systems, the use of the latest
technologies for monitoring the state of forests
and optimisation of water consumption, which
would allow for more efficient restoration of
forest resources.

Another significant problem is the change
in the structure of forest stands. A decrease in
water volumes leads to a transition from dense,
multi-species forests to sparse forest-steppe
formations that are less resistant to external
influences. This negatively affects the ability
of forest ecosystems to provide important en-
vironmental services, such as carbon uptake,
biodiversity maintenance, and microclimate
management. Changes in the composition of
the species fund caused by water scarcity have
long-term consequences for regional environ-
mental sustainability, which is enhanced by an
increase in anthropogenic load. However, there
are positive examples in some areas. According

to the latest data, some regions of Kyrgyzstan
show gradual restoration of woodlands due to
local ecosystem restoration programmes. These
programmes include improving irrigation sys-
tems, using state-of-the-art monitoring tech-
nologies, and specialised forest management,
which contributes to the stabilisation or even
small growth of forest cover in individual areas.
For example, in the Naryn region, the govern-
ment has introduced a programme for the res-
toration of forests, which provides for the use
of local seedlings and the use of modern tech-
nologies for monitoring the state of woodlands
(Missall et al., 2022). These measures help not
only to restore the area of forest cover, but also
improve its quality by optimising irrigation sys-
tems and maintaining the water regime, which
is critical for biodiversity conservation. Howev-
er, even these successful local examples cannot
compensate for the overall downward trend in
forest cover, which requires the development of
integrated strategies at the regional level.
Thus, the overall state of forest ecosystems
in Kyrgyzstan and Kazakhstan indicates a signif-
icant reduction in the area of forest stands and a
decrease in the level of biodiversity due to water
scarcity and related environmental problems. To
ensure the long-term environmental sustaina-
bility of the region, it is necessary to implement
integrated measures aimed at modernising
water infrastructure, optimising irrigation sys-
tems, and developing regional forest restoration
programmes. Such measures will contribute not
only to the restoration of woodlands, but also
to the preservation of their ecological func-
tionality, which is critical for maintaining the
sustainability of natural systems in the region.

Water resources as a key factor of ecolog-
ical sustainability of forest ecosystems in
Kyrgyzstan and Kazakhstan. Water resources
are one of the most important factors deter-
mining the ecological sustainability of forest
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ecosystems. In Central Asian regions such as
Kyrgyzstan and Kazakhstan, where water avail-
ability is limited by geographical and climatic
conditions, the role of water balance in main-
taining forest life is becoming critical. Forest
ecosystems, in turn, provide a range of ecosys-
tem services, including climate regulation, bi-
odiversity conservation, water intake, and soil
stabilisation. Thus, there is a close relationship
between the state of water resources and the
ability of forests to function as environmentally
sustainable systems.

In Kyrgyzstan, water resources play a cru-
cial role in maintaining mountain forests, which
are a source of ecosystem services for both local
communities and the region as a whole (Kaldy-
baev et al., 2024). Rivers such as the Naryn form
the backbone of the country’s water balance,
providing the soil moisture needed for trees
and other plants to grow. However, due to a de-
crease in the average water level due to climate
changes, there is a gradual reduction in the area
of forest cover. Lack of water affects the growth
rate of trees, reduces their viability and abili-
ty to renew naturally (Yanitskyi, 2024). Com-
bined with the increasing frequency of extreme
weather events, such as droughts, this puts ad-
ditional pressure on forest ecosystems.

In Kazakhstan, the situation is even more
critical due to the relatively low water supply
and high level of anthropogenic load on water
resources. Irrigation systems designed primar-
ily for agricultural needs consume significant
amounts of water, reducing its availability to
natural ecosystems. For example, in the Ili Riv-
er basin, a decrease in the water level directly
affects the degradation of forests in its flood-
plain, which are an important component of
the region’s ecosystem balance (Abraliyev et
al., 2024). Such changes lead to an increase in
the vulnerability of forests to soil erosion, a de-
crease in biodiversity, and a decrease in their
ability to absorb carbon dioxide.

An important factor that worsens the sit-
uation is climate change. An increase in the
average annual temperature, a decrease in pre-
cipitation, and an increase in its uneven dis-
tribution lead to a gradual depletion of water
resources (Belmega et al., 2024). This creates
a negative feedback loop, where a decrease in
the area of forests that serve as natural regu-
lators of the hydrological cycle contributes to
an even greater water shortage in ecosystems.
This dynamic is particularly noticeable in the
semi-desert and steppe zones of Kazakhstan,
where woodlands have a limited adaptive ca-
pacity for droughts.

Forward-looking estimates show that with-
out effective water management, both coun-
tries may face further degradation of forest
ecosystems. In Kyrgyzstan, the area of forests
is expected to decrease by 5-7% over the next
10 years if the water level drops by 10% (Mis-
sall et al., 2022). In Kazakhstan, similar losses
can reach 8-10%, especially in regions with a
high density of irrigation systems (Abraliyev et
al., 2024). Such trends will not only affect en-
vironmental sustainability, but will also have
serious socio-economic consequences associat-
ed with reduced availability of resources for the
local population.

To ensure the sustainability of forest eco-
systems, it is necessary to implement integrat-
ed measures that include effective water man-
agement, modernisation of irrigation systems
and the creation of water protection zones. In
particular, strategic restoration of catchments
in the mountainous regions of Kyrgyzstan can
help stabilise the water level in rivers. In Ka-
zakhstan, measures to improve the efficiency
of water use in agriculture are important, which
will increase the availability of water resources
for natural ecosystems. In addition, it is neces-
sary to encourage forest restoration through
the introduction of adaptive vegetation species
that can survive in harsher climates.
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Consequently, water resources play a key
role in ensuring the ecological sustainability
of forests in Kyrgyzstan and Kazakhstan. Their
scarcity has a direct negative impact on the
functioning of forest ecosystems, creating a
threat to their existence in the long term. Con-
sidering current trends, immediate measures
for the conservation and rational use of water
resources are critical to maintaining the viabili-
ty of forests and preserving their ecological role
in the region.

International cooperation water and forest
resources management. The management of
transboundary water resources is critical for
the ecological sustainability of forest ecosys-
tems in Kyrgyzstan and Kazakhstan. Common
river basins, such as the Naryn and Ili, require
coordination of efforts by both countries to en-
sure the rational use of water resources and the
conservation of biodiversity.

President of Kazakhstan Kassym-Jomart
Tokayev announced the creation of the Minis-
try of Water Resources and Irrigation of the Re-
public of Kazakhstan (n.d.), a specialised agen-
cy that will deal with solving water problems
both within the country and in cooperation
with neighbouring states. The move under-
scores Kazakhstan’s commitment to sustaina-
ble water management and the introduction of
green technologies.

Kyrgyzstan and Kazakhstan actively coop-
erate in the field of water resources manage-
ment, especially in relation to transboundary
rivers. One of the key initiatives is the Law of
the Kyrgyz Republic No. 47 “On Ratification of
the Agreement between the Government of the
Kyrgyz Republic and the Government of the Re-
public of Kazakhstan on the Use of Interstate
Water Management Structures on the Chu and
Talas Rivers” (2001). This agreement provides
a legal basis for joint management and main-
tenance of water bodies, ensuring the rational

use of water resources and maintaining ecolog-
ical balance in the basins of these rivers. Within
the framework of this agreement, a joint com-
mission has been established that coordinates
the actions of both countries in the operation
and maintenance of water management facil-
ities. This includes joint monitoring of water
resources, exchange of information on hydro-
logical indicators, and coordination of water
use plans. Such cooperation contributes to the
effective management of water resources and
prevents possible conflicts related to their use.
Regarding forest resources, there is cur-
rently no information on specific joint pro-
grammes between Kyrgyzstan and Kazakhstan.
However, both countries are aware of the im-
portance of preserving forest ecosystems and
may consider developing joint initiatives in this
area. This may include sharing experiences in
reforestation, joint research, and developing
strategies to adapt forests to climate change.
Expanding cooperation in the field of forest
resources can be an important step to ensure
the ecological sustainability of the region and
the conservation of biodiversity. Joint efforts
to manage both water and forest resources will
contribute to sustainable development and en-
vironmental security in both countries.
Investment in infrastructure is also a key
element of cooperation. Co-financing projects
aimed at improving irrigation systems, water
conservation and restoring degraded forest
areas will contribute to the sustainable devel-
opment of both countries. An example of suc-
cessful international cooperation is the Ukrain-
ian-Romanian partnership in the field of water
management, which is implemented within
the framework of the Agreement between the
Government of Ukraine and the Government of
Romania “On Cooperation in the Field of Water
Management in Border Waters” (1997), where
joint efforts are aimed at rational and environ-
mentally sound use of water and other natural
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resources of the Danube, Tisa, Prut, and Sirey
river basins. The implementation of such initi-
atives between Kyrgyzstan and Kazakhstan will
contribute to strengthening the ecological sus-
tainability of forest ecosystems and ensuring
the sustainable development of the region.

Discussion

The results obtained confirm the general trends
of changes in the water resources of Kyrgyzstan
and Kazakhstan described in the literature. In
particular, an analysis of Kyrgyzstan’s water
resources revealed an 8% decrease in the water
level in the Naryn River due to melting glaciers
and anthropogenic impact. This is consistent
with the conclusions obtained by N.M. Nuralie-
va (2022), who noted that Kyrgyzstan’s glaciers
are significantly reduced by climate change,
which in the long run reduces the availability of
water resources for economic and environmen-
tal needs. In Kazakhstan, a 6% decrease in the
water level in the Ili River basin and the deg-
radation of coastal ecosystems are consistent
with the findings of Y. Yu et al. (2021), which
indicated a significant impact of human activ-
ity, in particular, the intensification of agricul-
tural water consumption and changes in water
management at the interstate level. Similarly,
K. Orazaliev et al. (2024) emphasised that re-
ducing the flow of water from China to the Ili
basin, associated with the economic develop-
ment of Xinjiang, is becoming a key problem
for Kazakhstan, creating tension in the use of
transboundary waters. The problems of water
pollution were also confirmed by A. Tursu-
nova et al. (2022). The researchers noted that
the increase in industrial and agricultural dis-
charges into water bodies of Kazakhstan and
Kyrgyzstan by 10-15% is a consequence of inef-
ficient water resources management and insuf-
ficient environmental control.

L.Andersson & E. Ardfors (2021) focused on
assessing the possibilities of forest restoration

in Kazakhstan, which partially coincides with
the results obtained on the ecological sustaina-
bility of forest ecosystems. However, unlike the
current approach, which considers the impact
of water resources on the state of forest ecosys-
tems, this study focuses more on reforestation
strategies without a detailed analysis of water
supply as a key environmental factor.

The results confirm the importance of in-
tegrating water management and environmen-
tal policy, as indicated in the literature. B. Su-
laimanova et al. (2023) considered the role of
investment and innovation in the sustainable
management of agricultural resources in Kyr-
gyzstan, in particular, in the context of the
green economy. The study focused on the need
to invest in the modernisation of irrigation sys-
tems and the use of innovative technologies
for water conservation. The results support
these conclusions, as the degradation of aquat-
ic ecosystems in Kyrgyzstan is largely caused
by outdated water management methods that
need to be reformed through the introduction
of new technologies. The study by S. Giritlioglu
& N. Tsoy (2024) emphasised the importance
of water security for regional stability by ana-
lysing the relationship between Uzbekistan
and Afghanistan. It was pointed out that water
management in Central Asia is often accompa-
nied by geopolitical tensions that increase the
risks of environmental degradation. While the
findings focus on Kyrgyzstan and Kazakhstan,
they also highlight the impact of transbounda-
ry water use on ecosystem degradation. In par-
ticular, the reduced flow of water from China to
the Ili basin is an example of similar problems
that threaten regional stability.

B. Janusz-Pawletta et al. (2024) examined
the role of stakeholder dialogue in improving
water management in Central Asia. The re-
searchers emphasised that effective coopera-
tion between the countries of the region is key
to ensuring sustainable water use. The results
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obtained support this thesis, since the measures
proposed in the paper, such as the moderni-
sation of irrigation systems and the creation
of water protection zones, require interstate
coordination to achieve success. The study by
N. Osmonova (2020) was devoted to the analysis
of sustainable cooperation in the use of trans-
boundary waters on the example of the Chu and
Talas River basins. It was indicated that sus-
tainable development is possible if a balance is
achieved between economic needs and environ-
mental requirements. Similarly, the results of the
study showed that the growing anthropogenic
burden on water resources, both in Kyrgyzstan
and Kazakhstan, threatens the ability of forest
ecosystems to perform ecosystem functions.

Research by A.N. Rakhimzhanov et
al. (2021) was devoted to the assessment of the
state of turang forests in the south-east of Ka-
zakhstan, which has certain common aspects
with the results obtained on the ecological sus-
tainability of forest ecosystems. The main dif-
ference is that the researcher focuses on local
changes in the structure of forest cover and deg-
radation under the influence of anthropogenic
and natural factors, while the current study
analyses the relationship between the state of
forests and the dynamics of water resources
at the broader regional level. A. Aidaraliev et
al. (2024) highlighted Kyrgyzstan’s contribu-
tion to solving global problems of sustainable
mountain development. Special attention was
paid to the need to conserve water resources
in the context of growing climate challenges.
The results confirm this approach, because the
melting of glaciers and the reduction of water
resources in Kyrgyzstan, recorded in the study,
are key factors affecting the ecological sustain-
ability of the region.

The study by A. Hamidov et al. (2022) ana-
lysed the integration of the water-energy-food
approach to ensure the sustainable develop-
ment of socio-ecological systems in Central

Asia. The researchers emphasise the impor-
tance of an interdisciplinary approach for effec-
tive management of natural resources, which is
also relevant for the Naryn and Ili River basins
considered in the study. The results confirm
that water scarcity negatively affects not only
ecosystems, but also food security, which re-
quires a comprehensive approach to developing
adaptation strategies. E. Ahmadov (2020) con-
sidered the issues of water resources manage-
ment for achieving sustainable development in
Azerbaijan. The researcher focused on the need
for rational use of water resources, moderni-
sation of water infrastructure, and creation of
water protection zones. This supplements the
conclusions of this study, which also suggest
the modernisation of irrigation systems and the
creation of protected areas to preserve environ-
mental sustainability.

In turn, the study by S. Kitaibekova et
al. (2023) evaluated forest ecosystem services
in “Burabai” national park, which provides val-
uable information about the socio-economic
significance of forest ecosystems. Compared to
the results obtained, which focus on the ecolog-
ical aspects of the impact of water resources on
forest ecosystems, this study is more focused on
the economic assessment of ecosystem services,
which complements the study, adding a practi-
cal perspective on the use of forest resources.
Thus, the results confirm the conclusions of
previous studies, emphasising the need for in-
tegrated water management, modernisation of
irrigation systems, and adaptive reforestation
to ensure the ecological sustainability of the re-
gion. The results of the study specify the scale
of changes, in particular quantitative losses of
water and forest resources, which complements
the available literature with new data.

Conclusions

Analysis of the water resources of Kyrgyzstan
and Kazakhstan for the period 2014-2024
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revealed significant changes in water supply
and water quality. In Kyrgyzstan, the average
water level in the main rivers, in particular in
Naryn River, decreased by 8% compared to the
beginning of the study. This is conditioned by
the intense melting of glaciers due to an in-
crease in average annual temperatures, which
leads to a decrease in the ice sheet and long-
term water reserves. Anthropogenic impact, in
particular, water intake for irrigation and hy-
dropower, worsens the situation. Increasing the
average summer water temperature by 1.2°C
reduces the concentration of dissolved oxygen,
negatively affecting the chemical composi-
tion of water and biodiversity. River pollution
from industrial and agricultural discharges has
increased by 15% over the past decade. In Ka-
zakhstan, there is a similar trend: the water lev-
el in the Ili River basin decreased by 6% during
the analysed period. This is conditioned by an
increase in domestic water consumption, espe-
cially in agriculture, and a reduction in water
inflows from China due to the intensive use of
resources for Xinjiang’s development. The de-
cline in the water level in Lake Balkhash, which
depends on the Ili River, has led to the degra-
dation of coastal forests, reduced biodiversity
and salinisation of soils. A 1.0°C increase in the
lake’s water temperature and a 10% increase in
pollution exacerbate the negative environmen-
tal impacts, as the pollution is caused by chem-
icals from agricultural and industrial runoff.
The forest ecosystems of Kazakhstan and
Kyrgyzstan are significantly affected by water
scarcity and climate change. In Kyrgyzstan, a
5% reduction in forests is caused by melting
glaciers and reduced humidity, which compli-
cates their regeneration, reduces biodiversity
and weakens ecosystem functionality. In Ka-
zakhstan, a 7% decrease in forest area, in par-
ticular in the Ili River basin, is associated with
a decrease in water levels, soil degradation, and
loss of species diversity (by 12%). Positive local

initiatives, such as the “Zhasyl E1” programme
in Kazakhstan and the restoration of forests
in Kyrgyzstan, have limited impact. Long-term
sustainability requires comprehensive strate-
gies: water management modernisation, irriga-
tion optimisation, and the introduction of mod-
ern natural resource management technologies.
The analysis shows that the water balance
directly affects biodiversity conservation, soil
stability, and the ability of forests to perform
their ecosystem functions. The conditions of
limited water availability typical of Central Asia
are compounded by climate change, which leads
to a decrease in water resources, a reduction in
forest areas, and an increase in their vulnera-
bility to degradation. In Kyrgyzstan, the biggest
challenges relate to mountain forests, which
depend on the stability of the river catchment
area, while in Kazakhstan, significant pressure
is caused by irrigation systems that reduce the
availability of water for natural ecosystems.
Increasing water scarcity creates negative
feedback, where reducing the area of forests
increases water stress in the region. Projected
forest cover losses over the next decade indi-
cate the need for immediate action to mitigate
this impact. Effective water management, mod-
ernisation of irrigation systems, creation of wa-
ter protection zones and introduction of adap-
tive reforestation methods can help to stabilise
the ecological balance. Strategic measures are
aimed not only at preserving forest ecosystems,
but also at ensuring their role as regulators of
the hydrological cycle, which is important for
the socio-economic well-being of the region.
International cooperation in water and for-
est management is key to ensuring environmen-
tal sustainability in Kyrgyzstan and Kazakh-
stan. The joint management of transboundary
water resources, in particular the Naryn and Ili
rivers, promotes water management and pre-
vents environmental problems. The agreement
between the governments of both countries
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on the use of water management facilities on  will help to improve environmental security
the Chu and Talas rivers is an important step  and sustainable development in the region.

for sustainable water use. The development
of collaborative forest resource initiatives, in
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Kupruscrany ta Kazaxcrany: BUK/IMKM Ta IepcrieKTUBU CITiBIIpali
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AHoOTaNis. AKTYaIbHICTh OOCTIAKEHHS 3yMOBJIeHAa 3pOCTAalOUMM BIUIMBOM 3MiHM KIiMaTy
Ta aHTPONOTEHHOTO HABAHTAXEeHHS HAa BOJHI pecypcH, SIKi MaloTh BUpilllajbHe 3HAYEHHS
IJIST TiATPMMaHHS eKoJoriyHoi criiikocTi sicoBux ekocuctem lleHTpanbHOi A3ii. MeTom
IOCTiIKeHHST 6Y/I0 OLiHUTK 3MiHM BOOHMX pecypciB Kupruscrany i KasaxcraHy IpoTSIrom
2014-2024 pp. Ta BU3HAUUTM IX BIUIMB Ha €KOJIOTIUHY CTiliKiCTh JIiCOBUX eKOocucTeM. MeTonu
JIOCTiIKeHHSI BKIIOUa/IM aHasli3 TiIPOMOriYHMX TaHUX 1100 KiTbKOCTI Ta SKOCTi BOGHUX pecypciB
3a BKa3aHMii Iepiofl, a TAKOX aHa/li3 HAayKOBUX [Kepes MO0 B3a€MO3B’SI3Ky MiXX BOIHUM
6ayaHcoM, 6i0Opi3HOMAaHITTSIM Ta CTAHOM I'PYHTIB. 30KpeMa, 6y/I0 IIpoaHasi3oBaHO piBeHb BOAU
y Benmkux piukax (HapuH, [1i), 3MiHU TemmepaTypu BOaM, XiMiuHe 3a0pyIHEHHS Ta AMHAMIKY
nicoBux rwion]. Pe3yapTaTy mokasanu, o piBeHb Boau B piuli HapuH 3HM3MBCS Ha 8 % uepes
TaHeHHs JIbOLOBUKIB i 36i/bliIeHHsT BOZ03a60opy, B TOI Yac sIK B piulli I 1ei MoKa3sHUK CKIaB
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6 % uepe3 3MeHIIeHHS MPUIUIMBY Boau 3 Kutaio i 36iablieHHs BOAOCMOKMBaHHS. CepemHst
TeMrepaTtypa Boau 3pocia Ha 1,0-1,2°C, 1m0 mpu3Besno 10 3HMKeHHSI KOHIIeHTpallii pO3YMHEeHOTo
KVMCHIO Ta HEraTMBHO BIUIMHY/JIO Ha Oiopi3sHOMaHIiTTS. 3a0pyqHEHHS BOOM MPOMUCIOBUMM Ta
CiJTbChKOTOCTIONAPCHhKUMM CKMAaMu 3pocio Ha 10-15 %, 110 mocuiniio gerpagaliito npubepesk Hux
ekocucTeM Ta 6iopizHOMaHiTTS. [laHi CBigUaTh MPO BiTHOCHY CTabi/IbHICTh 3arajabHOIO JIiICOBOTO
dougy Kupruscrany, aje CIIOCTepira€TbCsl 3MeHIIeHHS IUIOLIi 3eMesib, BKPUTUX JIiCOM, IO
BUK/IMKAE 3aHETNOKOEHHS 1010 e(PeKTUBHOCTI MPUPOIOOXOPOHHMUX 3aXO/iB. JIicOBigHOBIEHHS
IeMOHCTPYE HecTabiNibHY AMHaMiKy depe3 3MiHy KiaiMaTy Ta gedinut Boayu. CKOpOUEHHS
JicOBUX TUIOI cKaano 5 % y Kupruscraui ta 7 % y KasaxcraHi, mpuuoMy Haii6Ginbini BTpaTu
criocTepiraloTbest B 6aceitHi piukm Imi. 3meHineHHs 6iopisHoManiTTs B KasaxcraHi gocsrio
12 %, a B KupruscraHi CKOpoueHHSI TIJIOIIi JIiCiB MOCUJIMIO BOJHUI CTpeC y TipChbKUX perioHax.
OTpuMaHi JaHi MigKpeca0Th TiCHUI B3a€MO3B’SI30K MisK CTAHOM BOJHMX PECYPCIB i 34aTHICTIO
JIiICOBMX €KOCMCTEM BMKOHYBATM €KOJIOTiUHi QYHKIIii
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