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Abstract. Effective water resource management is essential for sustainable regional development and
maintaining quality of life in the environmentally sensitive Issyk-Kul Lake Basin. The main objective of the
study is to examine existing water resource management issues, including transboundary distribution, as
well as the impact of water usage on the water level in Lake Issyk-Kul. The study employed a secondary-
data research design combining quantitative analysis of long-term hydrological and water-consumption
records with qualitative analysis of water-management policies and institutional conditions based on long-
term data (1980-2024), documentary analysis of water management reports, and seasonal comparisons of
water consumption and precipitation patterns in the Issyk-Kul Lake Basin. The results show a substantial
long-term reduction in irrigation and domestic water consumption, although agriculture remains the
dominant water-consuming sector in the Issyk-Kul Lake Basin. It was also found that agriculture remains
the largest consumer of water, especially between April and August, when increased rainfall is observed.
However, the lack of synchronisation between natural water cycles and water consumption practices leads
to negative effects on the water level of Issyk-Kul Lake. The analysis reveals that anthropogenic
pressures, particularly agricultural expansion, outdated irrigation practices, and seasonal mismatches
between water demand and availability, continue to exert significant stress on the lake’s hydrological
balance and coastal ecosystems. These findings indicate that existing water management practices are
insufficient to ensure long-term ecological stability and sustainable regional development, highlighting the
need for adaptive and integrated water resource management approaches. The practical value of this
research lies in the development of specific recommendations for optimising the use of water resources,
including the strategy for using rainwater during periods of maximum precipitation.
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Introduction. Water resources are fundamental to sustainable development, ecosystem
stability, public health, food production, and socio-economic well-being. Climate change,
population growth, and rising competition among agricultural, domestic, industrial, and
environmental users are increasing variability in water availability and complicating
management. Weak governance can intensify scarcity, reduce agricultural productivity,
limit access to safe water and sanitation, and undermine the resilience of communities
and ecosystems. In contrast, integrated and equitable water management supports
climate adaptation, regional prosperity, and long-term ecosystem protection (United
Nations, 2024).

These challenges are especially acute in Central Asia, where Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan rely on interconnected river
systems and shared infrastructure. The Amu Darya and Syr Darya have long sustained
irrigated agriculture, but large-scale water diversion has drastically reduced inflows to the
Aral Sea, causing severe regression, rising salinity, biodiversity loss, and broader socio-
economic impacts. This crisis illustrates how water abstraction without regard for basin
level ecological limits can lead to long-term and partly irreversible consequences
(Plotnikov et al., 2023).

Comparable interactions between climate variability and human water use occur in
the Lake Issyk-Kul Basin. As an endorheic mountain lake, Issyk-Kul’s hydrology depends
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on precipitation, snow and glacier melt, river inflow, evaporation, land-use change, and
water abstraction (Doroshkevich et al., 2022; La Ferla et al., 2003). Irrigation remains
the dominant consumptive use, while domestic, industrial, and recreational demands add
further pressure. Changes in precipitation, runoff, and water demand can alter tributary
discharge and the lake’s balance, underscoring the need for adaptive management that
integrates natural and anthropogenic factors (Alymkulova et al., 2016; Uwamahoro et al.,
2024).

Among the studies conducted in the last five years, several aspects of water
resource management have been examined. Ahmadov (2020) analysed water
management in Azerbaijan, including the effectiveness of institutions and tariff policies,
with the aim of formulating recommendations for sustainable development, highlighting
key factors for efficient water use, the necessity of an integrated approach, and the
importance of transboundary cooperation in the water sector. Nainwal (2021)
emphasised the importance of integrated water resource management for sustainable
urban development, analysing key strategies, challenges, and opportunities aimed at
ensuring long-term environmental, social, and economic sustainability. Li and Wu (2024)
defined key aspects of sustainable water management, examining quality, anthropogenic
impact, strategic approaches, and technological innovations, stressing the need for
continuous research and innovative solutions to ensure global water security and
sustainable development. Suriyanarayanan et al. (2024) presented innovative strategies
for sustainable water management in developing countries, combining the expertise of
specialists from 14 countries and proposing solutions for preserving water quality and
quantity, which is valuable for researchers, practitioners, and policymakers. Obaideen et
al. (2022) highlighted the crucial role of wastewater management in achieving 11 of the
17 UN Sustainable Development Goals, showing its contribution to water resource
security, health protection, economic growth, energy security, and reducing
environmental impacts, while offering indicators to improve the effectiveness of these
processes. Xiang et al. (2021) proposed an adaptive intelligent dynamic water resource
planning system (AIDWRP) based on artificial intelligence for sustainable water
development, demonstrating its effectiveness in optimising water use, improving
ecological planning, and enhancing economic efficiency. Kilic (2020) analysed the issue of
water scarcity, increasing consumption, and water pollution, emphasising the need for
mindful water use and urgent measures to prevent a water crisis.

In their analysis of long-term intra-annual runoff dynamics in the Lake Issyk-Kul
Basin, Alifujiang et al. (2021) show that human activity and climate variability have both
caused discernible changes in runoff seasonality. The study demonstrated how rising
water abstraction and variations in temperature and precipitation patterns have changed
the timing and size of river inflows to the lake, impacting the hydrological stability of the
basin. These results emphasised the significance of comprehensive basin-scale water
management and demonstrated how sensitive the water balance of Issyk-Kul is to
combined natural and man-made causes. Kong et al. (2024) evaluated the temporal
organisation and intensity of the water cycle in the Issyk-Kul Basin using wavelet
coherence analysis and a Bayesian estimator algorithm. Their findings showed that there
were significant non-stationary correlations between climatic and hydrological variables
over a range of time scales, suggesting that the regional water cycle is becoming more
complicated and volatile. The study offered cutting-edge analytical proof that the Issyk-
Kul Basin's hydrological processes are becoming more dynamic, highlighting the
necessity of adaptive water resource management in the face of shifting climate
circumstances. Mishra et al. (2021) discussed water supply issues and water scarcity,
highlighting the need to reconsider water strategies in the context of climate change and
demographic shifts, and proposing technological solutions and alternative water sources
to improve water use efficiency. The study by Saravanan et al. (2021) provides a
comprehensive overview of the concept of water security, analysing its evolution under
the influence of urbanisation, socio-economic changes, and climate factors, while
proposing sustainable solutions for ensuring reliable water access for present and future
generations. Olley et al. (2024) analysed the complex issues of sustainable water
management in South Africa, identifying problems with uneven water distribution,
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insufficient cooperation between stakeholders, and challenges in implementing water
policies, while offering solutions through integrated approaches and cooperation.

Although prior studies have analysed historical water use and modelled climate
and land-use impacts on the Issyk-Kul water balance, less attention has been given to
the combined effects of long-term water-use dynamics, seasonal variability, institutional
constraints, and their implications for sustainable development and quality of life. This
study addresses this gap by integrating quantitative analysis of water consumption and
hydrological data with an assessment of institutional conditions shaping water
management in the Kyrgyz Republic. Accordingly, the main focus of this study is water
management, which is essential to the sustainable use of natural water resources. It
examines the effects of water management techniques on the long-term availability of
water resources, the resilience of regional ecosystems, and the ecological balance of
aquatic systems. In this context, the study also considers the impact of water
consumption affects population quality of life and sustainable regional development,
highlighting the connection between socioeconomic well-being and environmental
sustainability. The aim of this study is to provide a comprehensive analysis of current
water resource management challenges, with a focus on transboundary distribution and
the impact of water usage on the hydrological state of Issyk-Kul Lake.

Material and Method

Research design. This study was designed as an empirical secondary-data research
paper rather than a systematic or narrative review. It combined quantitative analysis of
previously collected water-consumption, lake-level, and precipitation data with a
qualitative analysis of institutional and policy documents concerning water resource
management in the Kyrgyz Republic. The quantitative component was intended to
identify long-term and seasonal changes in water consumption, precipitation, and the
hydrological condition of Lake Issyk-Kul. The qualitative component was used to examine
the institutional, administrative, financial, and technical constraints affecting water
resource management.

Data sources. The primary materials of the study included water consumption statistics
provided by the National Statistical Committee of the Kyrgyz Republic (2025), as well as
local data gathered from water management organisations and local authorities. These
documents include annual reports on the state of water resources, water management
programmes, water supply and drainage data, as well as regional reports and studies on
water quality and sustainable water resource use. The collected data covers a period
from 1980 to 2024, and includes information on irrigation and domestic water
consumption, allowing for a full analysis of changes in water resource usage over more
than five decades. This enabled long-term trends to be taken into account and the main
issues related to changes in water use across various regions of the country to be
identified. Precipitation data were obtained from meteorological stations in Cholpon-Ata,
Balykchy, Kyzyl-Suu, and Karakol, located around the Issyk-Kul Lake Basin (Climate
Change Knowledge Portal, 2023).

Data processing. The collected quantitative data were organised according to
observation period, sector of water consumption, and month. Water-consumption values
were expressed in million m3, precipitation in millimetres, and lake levels in metres above
sea level. Microsoft Excel 2019 and SPSS Statistics 26 were used to organise the
datasets, calculate descriptive indicators, compare values across periods, and prepare
tables and graphical representations. Before analysis, the records were reviewed for
consistency in measurement units, reporting periods, and sectoral classifications. Water-
consumption data were grouped into agricultural, industrial, and domestic categories.
Precipitation records were arranged by month, while lake-level observations were
ordered chronologically.
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Analytical methods. Seasonal precipitation and agricultural water-consumption data
were analysed on a monthly basis. The months of maximum and minimum precipitation
were identified and compared with periods of peak agricultural water demand,
particularly from April to August. This comparison was used to determine the degree of
correspondence between natural hydrological cycles and existing water-use practices and
to identify seasonal mismatches between water availability and demand. Institutional and
policy documents were analysed qualitatively to identify recurring constraints related to
water pricing, administrative coordination, infrastructure, funding, and stakeholder
participation. Evidence-based recommendations for optimising water resource use were
developed by integrating quantitative comparisons of seasonal water demand,
precipitation, and hydrological cycles with a qualitative assessment of institutional water-
management constraints.

Results

Hydrological characteristics, water quality, and lake-level dynamics. With a
reported mean absolute salinity of roughly 6.06 g kg-!, Lake Issyk-Kul is classified as a
slightly brackish, mostly oligotrophic environment, suggesting persistent mineralisation at
the lake-wide scale (Vollmer et al., 2002). Consistent process-based interpretation is
provided by Saitoh et al. (2021), who estimate that salinity increases persist at ~27.5
mg L year, reflecting net salt accumulation in the water column over time. Additionally,
optical and bio-optical measurements show that open-water zones typically have great
clarity: An overall oligotrophic trophic status (with localised increases near river mouths)
is supported by the low particulate loading in the open part, with mineral-suspended
matter <1 mg L?! and chlorophyll-a typically <1 ug L!. Secchi depth has been reported
to be between 15 and 18 m in clear littoral-offshore transition areas.

Lake Issyk-Kul has long supported irrigation, recreation, construction, and other
forms of economic activity (la Ferla et al., 2010; Kuliev et al., 2024). Agricultural water
withdrawal from the lake’s tributaries has been an important factor affecting its water
balance. In 1998, irrigation withdrawals accounted for 43% of the total runoff from
tributaries entering Lake Issyk-Kul (Karmanchuk, 2002). This substantial level of
abstraction demonstrates the considerable pressure exerted by irrigated agriculture on
the lake’s inflows. The dynamics of the water level in Lake Issyk-Kul over recent decades
are characterised by slight seasonal and long-term fluctuations, related to both natural
and anthropogenic factors (Shuka et al., 2011; Pinardi et al., 2016). Based on Zhang et
al. (2022), the water level of Lake Issyk-Kul after 1980 continued the long-term decline
observed since the mid-20t" century and reached its lowest values by the late 1990s
(1606.06 m in March 1998). However, starting from 1998, there was a gradual rise in the
water level, which peaked in 2006 (1607.09 m), followed by a slight decrease. These
changes could be due to water use, including abstraction for irrigation and other
economic needs, as well as climate changes affecting regional water resources.

One of the possible factors for this reduction is the dissolution of the Soviet Union
between 1989 and 1992, which led to a change in the structure of water users: a
significant portion was reduced, while the remaining users were redistributed to other
regions, where alternative water sources were used (Alymkulova et al., 2016). This
process has become a subject of state regulation aimed at maintaining the water balance
of the lake. Measures taken include the use of other water bodies and basins for water
supply, management of the lake's inflows, soil erosion control activities, and the
introduction of rainwater harvesting and usage technologies (Firoozi & Firoozi, 2024).
Despite the reduction in water demand, agriculture remains the largest water consumer
of the lake compared to industry and domestic consumption.

According to Alymkulova et al. (2016), water consumption in the Lake Issyk-Kul
Basin decreased substantially between 1980 and 2014. Agricultural water use declined
from million m3 in 1980-1989 to 981.00 million m3 in 1990-1999 and 461.76 million m3
in 2000-2014. Industrial water consumption decreased from 17.74 to 9.46 and then to
8.74 million m3 over the same periods, while domestic consumption declined from 27.02
to 18.06 and subsequently to 16.55 million m3. Despite these reductions, agriculture
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remained the dominant water-consuming sector and continued to exert the greatest
pressure on the basin’s water resources. However, agricultural water demand varies
considerably depending on the types of crops cultivated, as water-intensive crops require
substantially greater volumes than drought-resistant varieties. For example, moisture-
loving crops require more resources, while drought-resistant varieties help reduce the
pressure on water sources. Additionally, the choice of irrigation methods plays an
important role. Traditional methods like flooding and spraying contribute to significant
water losses and can cause adverse environmental effects, including soil salinisation and
contamination of water bodies. Meanwhile, drip irrigation is considered one of the most
efficient methods of rational water use, as it provides plants with the necessary moisture
while minimising losses and reducing overall water consumption (Bian et al., 2024).

Ecological pressures, eutrophication, and coastal ecosystem vulnerability. The
water level in Lake Issyk-Kul has undergone significant changes due to both natural and
anthropogenic factors. One key natural factor is the increase in precipitation, which
influences the volume of inflow into the lake. However, alongside natural processes,
human activity also plays a substantial role in changing the water level, including the
expansion of irrigated land with intensive irrigation, increased industrial water
consumption, recreational pressure, and the growth of domestic water use in lakeside
settlements (Priya et al., 2023). These changes pose serious risks to the ecological
sustainability of the lake. The decrease in demand for water from Lake Issyk-Kul could be
due to several factors, including regional characteristics, climatic conditions, and the
implementation of water resource management strategies (Asif et al., 2023). However,
despite this reduction, it is important to note that the lake’s basin remains an important
water source used for various purposes, including ecological, recreational, agricultural,
and socio-economic needs (Panagopoulos & Dimitriou, 2020). The complex use of the
water resources of Lake Issyk-Kul results in the lake being under constant pressure from
both natural and anthropogenic factors. On the one hand, climate change, fluctuations in
precipitation levels, and glacier melt significantly impact the water balance. On the other
hand, human activities related to the expansion of irrigated lands, tourism development,
the growth of populations in the surrounding areas, and industrial water consumption
also alter the lake’s water regime.

Climate change has a significant impact on the quantity and quality of water
resources, causing fluctuations in the hydrological balance and altering the availability of
water for various needs (Voloshina et al., 2019; Kozyatnyk et al., 2013). In Asian
countries, significant changes in precipitation levels are observed, leading to irregular
water inflows, changing river seasonal patterns, and an increase in the frequency of
extreme weather events, such as droughts and floods (Rahman et al., 2024). These
climatic shifts are expected to intensify in the future, exerting even greater pressure on
water resources. Rising temperatures could accelerate evaporation, lowering groundwater
levels and reducing the overall volume of available fresh water. At the same time,
changes in the amount and distribution of precipitation could lead to reduced water body
replenishment, diminished glacier reserves, and deteriorated water quality due to
increased concentrations of pollutants. Regions where water resources are already scarce
or heavily dependent on seasonal rains and glacial melt are particularly vulnerable to
these processes.

The process of eutrophication in big, deep lakes is influenced by shoreline
pressure, changes in hydrological balance, and the spatial concentration of human
activity in addition to ongoing nutrient enrichment (Alexyuk et al., 2021; Glevitzky et al.,
2025). Instead of a basin-wide change in trophic status, eutrophication usually takes the
form of a localised, episodic phenomenon in oligotrophic systems like Issyk-Kul, mainly in
nearshore zones and river-influenced areas (Zhang et al., 2025). The vulnerability of
coastal waters to algal blooms, turbidity increases, and oxygen stress in benthic habitats
is exacerbated by decreased inflow, water-level changes, and increased fertiliser supply
from wastewater and surface runoff (Table 1).
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Table 1
Sediment biomarker indicators of hydrological control on eutrophication dynamics in Lake Issyk-Kul

Indicator/proxy Observed pattern or verified range Ecological implication

High values during 1674-1820 CE, Indicates the transition from high-

Aquatic macrophyte followed by a marked decline water conditions with extensive

proxy (Paq) around the 1820s aquatic vegetation to a hydrologically
altered lake ecosystem
. Progressive increase following the Indicates the expansion of Chara
n-C16 acid - A
lake-level decline beginning in the macroalgae under lower-water
abundance : th ",
mid-19" century conditions

Indicates accelerated localised
eutrophication associated with
anthropogenic nutrient inputs

Sharp increase during the 2000s,

Microalgal biomass . ) .
particularly in shoreline areas

Reflects enhanced aquatic
productivity and organic matter
accumulation in shallow nearshore
environments

0.1-6.4%, with the highest values
recorded in the shallow western
littoral zone

Total organic carbon
in surface sediments

Terrigenous and Highest near major eastern and Demonstrates stronger catchment
southern river inflows and

siliciclastic sediment . and riverine influence on nearshore
. generally decreasing toward the - .
input sedimentation

central lake basin

Source: compiled by the authors based on Lenz et al. (2023) and Zhang et al. (2025).

According to Zhang et al.’s (2025) synthesis of sediment biomarker data, eutrophication
signals in Issyk-Kul are largely shaped by hydrological variability as opposed to a linear
build-up of nutrients. As a systemic modulator, declining water levels reorganise
ecological processes, leaving the open lake mostly oligotrophic while increasing biological
activity and organic matter retention in the littoral zone. This structure encourages short-
lived productivity responses that are geographically limited to nearshore habitats due to
decreased water volume and weaker hydrodynamic flushing, which also lengthens the
duration that nutrients are in residence. These hydrologically mediated processes directly
affect coastal integrity and recreational quality from the standpoint of ecosystem
services. Along the coast, where human usage is most intense, the concentration of
biological activity and organic waste increases the likelihood of localised blooms,
turbidity, and aesthetic degradation (Valujeva et al., 2017; De Serio & Mossa, 2016). The
findings thus lend credence to the idea that eutrophication in Issyk-Kul is a process of
spatial redistribution and amplification brought on by changes in the water balance,
emphasising that hydrological regulation must be prioritised in addition to traditional
nutrient management techniques for effective mitigation.

The growth of tourism, urbanisation, and changes in land use along the lake's
shoreline have all contributed to the significant increase in anthropogenic pressure on
Lake Issyk-Kul in recent decades (Valujeva et al., 2018; Floqi et al., 2009). Even though
there aren't many accurate current water quality data, previous research showed that
more tourists and the infrastructure that goes along with them increase the amount of
solid waste and wastewater that enters near-shore waters. Additionally, after the tourist
season, some bays had higher concentrations of nutrients like nitrite and ammonium.
These alterations indicate increasing human impact on the hydrochemical conditions that
support ecosystem services and functioning, even though they do not yet result in
widespread chemical pollution throughout the lake's enormous volume (Asankulov et al.,
2018). The concentration of recreational infrastructure surrounding Lake Issyk-Kul is
strongly linked to increased socioeconomic and environmental stress on the shoreline,
according to quantitative assessments reported in recent coastal vulnerability studies
(Totubaeva et al., 2024). Composite vulnerability indices are higher than 0.60-0.65 (on a
normalised scale from 0 to 1) in districts with the largest density of resorts, boarding
houses, and urban development, while they are lower than 0.35 in less developed coastal
parts. Together with significantly higher scores for anthropogenic effect indicators like
population load and land-use intensity, these high-pressure zones also show a 30-50%
decrease in the natural coastal buffer width due to shoreline modification and
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development. The analysis also shows that, although making up a much smaller portion
of the lake's perimeter, tourist-heavy coastal areas make up almost 70% of the entire
length of high-risk shoreline. The long-term ability of Issyk-Kul to maintain high-quality
recreational ecosystem services is directly impacted by the growth of recreational
infrastructure, which not only concentrates socioeconomic activity but also distorts
habitat structure and reduces the natural resilience of coastal ecosystems.

Recreational ecosystem services, including as water-based recreation (boating and
swimming), aesthetic pleasure, and cultural attachment to the lakefront landscape, are
directly impacted by these stressors. According to sociological surveys and expert
assessments summarised by Kaptagaeva et al. (2020), over 55-60% of local residents
and stakeholders reported a noticeable deterioration in environmental conditions in the
Issyk-Kul coastal zone over the past decade, primarily referring to declining water
transparency, shoreline littering, and degradation of natural beaches. Simultaneously,
expert assessments show that almost 40% of evaluated recreational coastal locations are
currently deemed to be under moderate to high anthropogenic stress, which adversely
affects their appropriateness for leisure activities including bathing. These findings
indicate a growing disparity between short-term economic gains and the long-term
sustainability of ecosystem services that maintain Issyk-Kul's recreational appeal, even
though tourism produces significant socio-economic benefits — seasonal income for a
sizable portion of households in lakeside communities. The lake's visual and sensory
qualities, which are essential to its function as a recreational and cultural resource, are
directly threatened by the documented deterioration in environmental quality.

Seasonal hydroclimatic variability and water-management implications. Climatic
factors, such as uneven rainfall distribution, prolonged droughts, and changes in seasonal
rainfall patterns, directly affect the volume of available water resources, exacerbating the
problem of water scarcity, particularly in arid regions (Konapala et al., 2020). In this
regard, alternative water supply methods, such as rainwater collection and storage, are
being proposed. This approach allows for the accumulation of rainwater during high-
humidity periods for subsequent use during dry seasons, thereby reducing dependence
on traditional water sources and ensuring more stable access to water. Moreover, a key
element of sustainable water use is actively involving local communities in water resource
management processes. The participation of the population, which bears the brunt of
water scarcity, helps to ensure more efficient and equitable water distribution and allows
for the consideration of local characteristics and needs (Remeshevska et al., 2021;
Batykova, 2025). Furthermore, involving the public in decision-making on water use
increases awareness of the need for rational resource use, encourages the development
of water-saving technologies, and fosters a culture of responsible water consumption.
The introduction of such strategies not only improves continuous access to safe and clean
water but also strengthens the mechanisms for managing water resources, ensuring their
effective and long-term use (Tsani et al., 2020).

Seasonal precipitation patterns in the Issyk-Kul basin show a pronounced intra-
annual structure. According to the precipitation reported by Alymkulova et al. (2016),
monthly precipitation increases from spring and reaches its maximum in July-August,
after which it declines steadily toward autumn. This distribution indicates that the highest
natural water input occurs in mid-summer, while significantly lower precipitation levels
characterise September and October (Figure 1). This imbalance between periods of high-
water demand and natural water availability indicates a structural problem in water
management, which is confirmed by previous research (Zhang et al., 2023).

The seasonal structure of agricultural water use follows a partially different
pattern. As illustrated by Alymkulova et al. (2016), irrigation demand rises from spring
and peaks during the main growing season, broadly overlapping with the period of
increased precipitation. However, Figure 2 also shows that agricultural water use does
not decline synchronously with precipitation after August and remains relatively high into
early autumn.
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Figure 1. Issyk-Kul Lake monthly agricultural water consumption in 2013 (Alymkulova et al.,
2016).
60
55 - I Balykchy
50 ] B Cholpon-Ata
] I Karakol
45 B Kyzyl-Suu
E 40
£ 35
& 30+
£ 254
Z 204
< 154
10 4
5 4
04

Jan Feb Mar Ap May Jun Jul Aug Sept Oct Nov Dec

Months
Figure 2. Averaged monthly precipitation in 2013 per station (Alymkulova et al., 2016).

A partial seasonal association between precipitation and agricultural water use can be
seen when comparing the two statistics. Early and midsummer precipitation peaks
roughly correspond with peak irrigation demand, indicating some degree of coordination
between agricultural activities and natural moisture supply. However, the fact that
relatively large irrigation withdrawals in June and July continue to occur despite very
considerable rainfall and then increase again in October, when precipitation has
significantly decreased, shows that agricultural water use is not directly correlated with
precipitation. Rather than short-term precipitation dynamics, planting schedules and
management techniques are the key drivers of irrigation demand, resulting in times when
water abstraction is high even with fewer natural inputs. According to these studies,
agriculture remains the largest water consumer globally, and it is predicted that its water
consumption will continue to rise as the population increases. This underscores the need
for developing and implementing adaptive water use policies that can balance demand
and supply. In addition, the population living in the Issyk-Kul region has increased from
441.3 thousand people in 2010 to 458.5 thousand in 2014 (Uwamahoro et al., 2024).
This growth leads to an increased demand not only for food but also for domestic needs
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and resources necessary for the socio-economic development of the region. In the
context of population growth and changing climatic conditions, the region’s water
resources are under additional pressure, necessitating the search for comprehensive
solutions for their sustainable use. One such solution could be the combined use of lake
and rainwater (Ciampittiello et al., 2024; Seraya et al., 2025). Despite the measures
taken for integrated water resource management, there remains a need to consider
factors such as climate change, population growth, and increasing water demand for
various purposes. These challenges require a more profound and long-term approach to
sustainable water resource management, particularly in vulnerable regions such as the
Issyk-Kul Lake Basin (Yapiyev et al., 2021). Although the results of this study have
recorded a general decrease in water consumption, it is important to note that this
reduction may be temporary and dependent on a variety of factors, including economic,
social, and climate changes. Therefore, effective water resource management requires
not only responding to current trends but also developing adaptive strategies that can
account for future changes. One key aspect is the impact of climate changes, which affect
the hydrological regime of the region. Data analysis shows that weather fluctuations,
including changes in the amount and intensity of precipitation, have a significant impact
on water availability.

Water plays a central role in ensuring vital processes such as the development and
preservation of economic activity, which is connected to human needs in daily life. Water
also serves as a link between the climate system, the environment, and human society,
influencing all of these elements and supporting their interaction (Li et al., 2024). If
water is managed effectively and equitably, it will become the foundation for achieving
sustainable development and ensuring many aspects of life, including food security,
healthcare, and ecosystem preservation (Klimenko et al., 2009; Montayev et al., 2024).

Water resource issues are especially urgent in East Asia, where water
management faces numerous challenges, such as flooding, water salinity, the loss of
freshwater due to agriculture, and pollution of water bodies with wastewater and
industrial waste (Ongayev et al., 2024; Lyubchik et al., 2005). These issues negatively
affect water supply and can have serious consequences for the health of local populations
(Shan et al., 2020). To ensure sustainable water resource management in the Issyk-Kul
Lake basin, where water is used for multiple purposes, it is crucial to consider several key
factors. These include monitoring changes in water resources, the impact of climate
change, which leads to fluctuations in the intensity and frequency of precipitation,
affecting the lake’s water sources. It is also necessary to manage changes in water
demand and its use, as well as consider the opinions and participation of local
communities and decision-makers. A comprehensive approach to the use, preservation,
and protection of the lake’s water resources is essential, requiring the joint efforts of all
stakeholders to create a sustainable and effective water management system. The
environmental state of the Issyk-Kul basin is directly impacted by the fragmented and
poorly coordinated institutional architecture of water resource management in the Kyrgyz
Republic (Food and Agriculture Organization of the United Nations, 2022). The division of
duties across several organisations makes it more difficult to conduct systematic
environmental monitoring, impairs data integration, and limits the ability to evaluate
cumulative effects on ecosystem dynamics, lake levels, and water quality. Because of
this, environmental indicators are frequently not routinely monitored, which makes it
more difficult to react quickly to new ecological stresses. Furthermore, the efficacy of
conservation efforts in the Issyk-Kul basin is limited by the lack of a cohesive national
water strategy that specifically places a high priority on environmental preservation. The
use of integrated management strategies is restricted, accountability is diminished, and
the alignment of water use practices with ecological goals is weakened by fragmented
governance. In addition to undermining the efficacy of environmental interventions
meant to preserve Lake Issyk-Kul's hydrological and ecological stability, this institutional
framework limits the ability of current management systems to support long-term
ecosystem preservation.
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Discussion. The impact of water management on sustainable regional development and
the improvement of citizens' quality of life is a central issue that not only determines
economic stability but also ecological well-being. In the Kyrgyz Republic, as in most
Central Asian countries, water resource management and its impact on people’s lives are
not only economic but also social and environmental concerns. Water resources are
crucial for agriculture, drinking water supply, energy, ecosystems, and the resilience of
the entire national economy (Panchenko et al., 2018; Tkach et al., 2021). The results of
the study show that the key issues in the water sector in KR are ageing infrastructure,
insufficient funding, and a shortage of qualified personnel. The importance of these
factors cannot be underestimated, as they directly affect the quality of water supply and
drainage, which in turn impacts public health and economic development. Water
management issues are multifaceted, encompassing both physical aspects
(infrastructure, canals, pumping stations) and deeper economic and social factors, such
as financial resource deficits and insufficient participation of water users in the payment
process for water resources.

The study confirms that one of the main reasons for weak technical infrastructure
is insufficient government funding. An important point is that water management funding
in KR traditionally depends on revenues from water usage fees, but this creates a vicious
cycle because the low price of water, which does not cover the full costs of delivery and
treatment, leaves state funds limited. The conclusion is that addressing the issue of
ageing infrastructure requires not only increased funding but also a revision of pricing
policies. Specifically, water prices should reflect the actual costs of delivery and
treatment, which would improve the financial situation of water management entities and
allow for infrastructure modernisation. This view is supported by other researchers, such
as Madaliev et al. (2024), who emphasise the importance of effective water resource
policies in ensuring sustainable development. However, funding issues are not limited to
pricing policy. An important problem, also highlighted in our study, is the lack of
personnel in the water sector. This, in turn, is directly related to low salaries and
insufficient motivation to attract young professionals to the field. The water sector in KR
faces a serious personnel problem: despite the generally high level of education and
qualifications in the country, the sector fails to attract enough young specialists. Studies
such as those by Wardle and Zakiriaeva (2022) note that in rural areas and small towns,
there is often a shortage of water sector specialists, which leads to poor service of water
resources. This creates a closed loop: the lack of specialists limits the ability to manage
water resources effectively, which in turn impacts the quality of life and regional
development. The shortage of qualified personnel in the water sector requires special
attention. Solutions to this problem should include both increasing salaries and benefits
for water sector employees and creating career incentives to attract young professionals.
It is important to note that despite the involvement of local communities in water
resource management in some regions of KR, as Wardle and Zakiriaeva (2022) state, this
is insufficient for sustainable and effective water management on a broader scale. The
problem is not only organisational but also the lack of professionals who can effectively
manage water resources and ensure their sustainable use.

The study concludes that one of the key directions for solving the water
management problems in KR should be improving coordination between various
government institutions and increasing the role of local authorities in water resource
management. It is important to note that despite the existing issues, KR has significant
potential for improving water resource management, including developing transboundary
cooperation, as emphasised by Kukueyeva et al. (2015), and further integrating
innovative technologies into water management. This potential can be effectively
harnessed to achieve sustainable development goals and improve the quality of life.

Comparing the results of this study with other research conducted in Central Asia
shows both common trends and differences. For example, studies by Madaliev et al.
(2024) and Kukueyeva et al. (2015) also highlight the importance of political and
institutional components in addressing water sector issues. However, unlike our study,
they focus on international aspects of water management, such as transboundary
cooperation between Kazakhstan and China. While our research focuses on domestic
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issues in KR related to infrastructure and personnel, other authors broaden the context to
include regional cooperation. Bespalyy’s work (2023) on the quality of life in Central Asia
also highlights the importance of water resources for ensuring ecological security. This
theory confirms the significance of water resources for quality of life, but our study
focuses on more specific problems, such as funding issues in the water sector and the
shortage of qualified personnel. Including Nuralieva’s (2022) research on KR's water
potential within the context of our study allows for a deeper analysis of the impact of
water management on the country’s sustainable development and underscores the
importance of a comprehensive approach to solving water resource issues. This research
emphasises the economic development challenges linked to limited water resources and
stresses that insufficient attention to water management may hinder effective economic
growth. The author notes that KR faces serious challenges in ensuring the sustainable
use of its water resources and in adapting water infrastructure to climate change and
other external factors. Unlike the current study, which focuses on the regional level, the
researcher analyses the issue within state policy, suggesting potential solutions through
improved coordination between government bodies. Such differences show that to solve
water management problems in KR and other Central Asian countries, it is essential to
consider both internal and external factors. This requires a comprehensive approach that
includes infrastructure modernisation, improvement of personnel policies, and active
participation in international initiatives for managing transboundary water resources.

In conclusion, despite existing problems, KR has significant potential for improving
water resource management. This requires a comprehensive approach, including not only
improving existing infrastructure but also developing human resources, refining financial
mechanisms, and creating effective regional and international partnerships. Solving these
issues in the long term will not only improve the quality of water supply but also establish
a sustainable and secure water system, which will positively impact economic
development and the quality of life of the population.

Conclusions. The study determined that sustainable development and quality of life in
the Issyk-Kul Lake Basin depend on more coordinated and efficient water resource
management. Although water consumption declined substantially between the periods
1980-1989 and 2014-2024, agriculture remained the dominant water consumer and
continued to place considerable pressure on the basin’s water resources. The results
revealed a seasonal mismatch between natural water availability and consumption.
Agricultural demand is concentrated mainly from May to August and may remain high
when precipitation begins to decline. This indicates that reduced total withdrawals alone
cannot ensure sustainability unless irrigation practices and seasonal water allocation are
also improved. The study also identified administrative fragmentation, inadequate pricing
mechanisms, ageing infrastructure, insufficient funding, and a shortage of qualified
personnel as the main institutional barriers to effective water management. These factors
limit water-use efficiency and weaken the resilience of regional water systems. It is
therefore concluded that the Issyk-Kul Basin requires an integrated and adaptive
management approach based on efficient irrigation, rainwater harvesting, improved
monitoring, stronger institutional coordination, and greater participation of local
stakeholders. The study is limited by its reliance on aggregated statistical data, which
restricts the assessment of short-term hydrological changes and the economic
effectiveness of the proposed measures. Future research should apply high-resolution
monitoring and scenario-based water allocation models.

Authors Contributions. Conceptualization: KM; Methodology: AS; Formal analysis: OO;
Investigation: AT; Data curation: KD; Writing - original draft: AS.; Writing - review &
editing: OO; Supervision: KM.

Conflict of Interest. The authors declare that there is no conflict of interest.

Data Availability. The data supporting the findings of this study are available from the

corresponding author upon reasonable request.

AACL Bioflux, 2026, Volume 19, Issue 4. 1703
bioflux.com.ro/aacl



Funding. This research did not receive any external funding.
References

Ahmadov, E. (2020). Water resources management to achieve sustainable development
in Azerbaijan. Sustainable Futures, 2, Article 100030.

Alexyuk, M., Bogoyavlenskiy, A., Alexyuk, P., Moldakhanov, Y., Berezin, V., & Digel, I.
(2021). Epipelagic microbiome of the Small Aral Sea: Metagenomic structure and
ecological diversity. MicrobiologyOpen, 10(1), Article e1142.

Alifujiang, Y., Abuduwaili, J., Groll, M., Issanova, G., & Maihemuti, B. (2021). Changes in
intra-annual runoff and its response to climate variability and anthropogenic activity
in the Lake Issyk-Kul Basin, Kyrgyzstan. Catena, 198, Article 104974.

Alymkulova, B., Abuduwaili, J., Issanova, G., & Nahayo, L. (2016). Consideration of
water uses for its sustainable management, the case of Issyk-Kul Lake, Kyrgyzstan.
Water, 8(7), Article 298.

Asankulov, T., Abuduwaili, J., Issanova, J. T., & Duulatov, E. (2018). Analysis of water
quality in the coastal zone of the Issyk-Kul Lake before and after the tourist season.
Bulletin of National Academy of Sciences of the Republic of Kazakhstan, 4(374), 6-12.

Asif, Z., Chen, Z., Sadiq, R., & Zhu, Y. (2023). Climate change impacts on water
resources and sustainable water management strategies in North America. Water
Resources Management, 37(6-7), 2771-2786.

Batykova, A. (2025). Institutional mechanisms for transboundary water resource
management and their impact on agricultural sustainability in Kyrgyzstan in the
context of climate change. Bulletin of the Kyrgyz National Agrarian University,
23(4), 35-50.

Bespalyy, S. (2023). Quality of life of the population and environmental safety: An
assessment in Central Asia. E3S Web of Conferences, 390, Article 01012.

Bian, Q., Dong, Z., Fu, Y., Zhao, Y., Feng, Y., Wang, Z., & Zhu, J. (2024). Optimizing
irrigation strategies to improve yield and water use efficiency of drip-irrigated maize
in Southern Xinjiang. Plants, 13(24), Article 3492.

Ciampittiello, M., Marchetto, A., & Boggero, A. (2024). Water resources management
under climate change: A review. Sustainability, 16(9), Article 3590.

De Serio, F., & Mossa, M. (2016). Environmental monitoring in the Mar Grande basin
(Ionian Sea, Southern Italy). Environmental Science and Pollution Research,
23(13), 12662-12674.

Doroshkevich, A. S., Zakharova, A. S., Oksengendler, B. L., Lyubchyk, A. 1., Lyubchyk, S.
I., Lyubchyk, S. B., Tatarinova, A. A., Kirillov, A. K., Vasilenko, T. A., Gorban, O.
0., Bodnarchuk, V. I., & Nikiforova, N. N. (2022). The rectifying contact of hydrated
different size YSZ nanoparticles for advanced electronics. Nanomaterials, 12(24),
Article 4493.

Firoozi, A. A., & Firoozi, A. A. (2024). Water erosion processes: Mechanisms, impact, and
management strategies. Results in Engineering, 24, Article 103237.

Flogi, T., Shumka, S., Malollari, I., Vezi, D., & Shabani, L. (2009). Environment and
sustainable development of the Prespa park. Journal of Environmental Protection
and Ecology, 10(1), 163-175.

Glevitzky, M., Dumitrel, G.-A., Rusu, G. 1., Toneva, D., Vergiev, S., Corches, M.-T., Pan3,
A.-M., & Popa, M. (2025). Microplastic pollution on the beaches of the Black Sea in
Romania and Bulgaria. Applied Sciences, 15(9), Article 4751.

Kaptagaeva, A., Matraimov, K., Sabyrbekov, R., & Surappaeva, V. (2020). Assessment of
ecosystem services in Kyrgyzstan. Food and Agriculture Organization and Regional
Environmental Centre for Central Asia.

Karmanchuk, A. S. (2002). Water chemistry and ecology of Lake Issyk-Kul. In J. Klerkx &
B. Imanackunov (Eds.), Lake Issyk-Kul: Its natural environment (NATO Science
Series Vol. 13, pp. 13-26). Springer.

Kilig, Z. (2020). The importance of water and conscious use of water. International
Journal of Hydrology, 4(5), 239-241.

AACL Bioflux, 2026, Volume 19, Issue 4.
bioflux.com.ro/aacl 1704



Klimenko, N. A., Savchina, L. A., Kozyatnik, I. P., Goncharuk, V. V., & Samsoni-Todorov,
A. 0. (2009). The effect of preliminary ozonization on the bioregeneration of
activated carbon during its long-term service. Journal of Water Chemistry and
Technology, 31(4), 220-226.

Konapala, G., Mishra, A. K., Wada, Y., & Mann, M. E. (2020). Climate change will affect
global water availability through compounding changes in seasonal precipitation and
evaporation. Nature Communications, 11, Article 3044.

Kong, L., Ma, L., Li, Y., Abuduwaili, J., & Zhang, J. (2024). Assessing the intensity of the
water cycle utilizing a Bayesian estimator algorithm and wavelet coherence analysis
in the Issyk-Kul Basin of Central Asia. Journal of Hydrology: Regional Studies, 52,
Article 101680.

Kozyatnyk, I., Swietlik, J., Raczyk-Stanistawiak, U., Dabrowska, A., Klymenko, N., &
Nawrocki, J. (2013). Influence of oxidation on fulvic acids composition and
biodegradability. Chemosphere, 92(10), 1335-1342.

Kukueyeva, F. T., Delovarova, L. F., Ormysheva, T. A., & Shakirov, K. N. (2015).
Sustainable development and water management issues: Transboundary rivers
management gaps between Kazakhstan and China (case of Ili and Irtysh).
Oxidation Communications, 38(3), 1480-1490.

Kuliev, A., Khegay, 1., Konurbaeva, K., & Zhumanaliev, B. (2024). Non-prickly form of
Hippophae rhamnoides (Hippophae rhamnoides L.) in natural populations of the
Issyk-Kul lake. Bulletin of the Kyrgyz National Agrarian University, 22(6), 51-54.

La Ferla, R., Azzaro, M., Caruso, G., Monticelli, L. S., Maimone, G., Zaccone, R., & Packard,
T. T. (2010). Prokaryotic abundance and heterotrophic metabolism in the deep
Mediterranean Sea. Advances in Oceanography and Limnology, 1(1), 143-166.

La Ferla, R., Azzaro, M., Civitarese, G., & Ribera d'Alcala, M. (2003). Distribution patterns
of carbon oxidation in the eastern Mediterranean Sea: Evidence of changes in the
remineralization processes. Journal of Geophysical Research, 108(9), Article 811.

Lenz, M. M., Scheuer, R., Zhang, X., Jaeschke, A., Opitz, S., Leicher, N., Péllen, M., Xu,
X., Rethemeyer, J., Rahmedinov, E., Abdrakhmatov, K., Wennrich, V., & Wagner, B.
(2023). Modern sedimentation patterns in Lake Issyk Kul (Kyrgyzstan), derived
from surface sediment and inlet stream samples. Earth and Space Science, 10(10),
Article e2022EA002541.

Li, J., Liu, X., Wie, L., Li, X., Gao, H., Chen, R., & Cui, Y. (2024). Investigation of the
interactions and influencing factors of the Water-Land-Energy-Carbon system in the
Yellow River Basin. Science of the Total Environment, 954, Article 176654.

Li, P., & Wu, J. (2024). Water resources and sustainable development. Water, 16(1),
Article 134.

Lyubchik, S. B., Perepichka, I. I., Galushko, O. L., Lyubchik, A. I., Lygina, E. S., &
Fonseca, I. M. (2005). Optimization of the conditions for the Cr (III) adsorption on
activated carbon. Adsorption, 11(5-6), 581-593.

Madaliev, M. M., Bilanova, A. B., Namatbekova, N. M., Nuraliev, N. A., & Alim, A. A.
(2024). The role of state institutions of Kyrgyzstan in the formation of water
resources management policy. BIO Web of Conferences, 107, Article 04001.

Mishra, B. K., Kumar, P., Saraswat, C., Chakraborty, S., & Gautam, A. (2021). Water
security in a changing environment: Concept, challenges and solutions. Water,
13(4), Article 490.

Montayev, S., Ongayev, M., Begalieva, R., Ryskaliev, M., & Denizbayev, S. (2024).
Sorption treatment and desalination of mineralized water using opoka to reduce
hardness and chloride content. International Journal of Design and Nature and
Ecodynamics, 19(5), 1733-1740.

Nainwal, A. (2021). Water resource management for sustainable urban development.
Mathematical Statistician and Engineering Applications, 70(1), 706-712.

Nuralieva, N. M. (2022). Water potential of the Republic of Kyrgyzstan: Problems and
potentials of economic development. Arid Ecosystems, 12(2), 193-199.

Obaideen, K., Shehata, N., Sayed, E. T., Abdelkareem, M. A., Mahmoud, M. S., & Olabi, A.
G. (2022). The role of wastewater treatment in achieving sustainable development
goals (SDGs) and sustainability guideline. Energy Nexus, 7, Article 100112.

AACL Bioflux, 2026, Volume 19, Issue 4. 1705
bioflux.com.ro/aacl



Olley, J., Cvitanovic, M., Ginige, T., & Bunt-MacRury, L. (2024). A systematic literature
review of sustainable water management in South Africa. Sustainable Water
Resources Management, 10, Article 162.

Ongayev, M., Montayev, S., Denizbayev, S., & Sakhipova, S. (2024). Hydrochemical
characteristics of groundwater in Northwestern Kazakhstan aquifers: Implications
for livestock water supply. International Journal of Design and Nature and
Ecodynamics, 19(4), 1327-1340.

Panagopoulos, Y., & Dimitriou, E. (2020). A large-scale nature-based solution in
agriculture for sustainable water management: The lake Karla case. Sustainability,
12(17), Article 6761.

Panchenko, A., Voloshina, A., Kiurchev, S., Titova, O., Onopreychuk, D., Stefanov, V.,
Safoniuk, I., Pashchenko, V., Radionov, H., & Golubok, M. (2018). Development of
the universal model of mechatronic system with a hydraulic drive. Eastern-
European Journal of Enterprise Technologies, 4(7-94), 51-60.

Pinardi, N., Lyubartsev, V., Cardellicchio, N., Caporale, C., Ciliberti, S., Coppini, G., De
Pascalis, F., Dialti, L., Federico, I., Filippone, M., Grandi, A., Guideri, M., Lecci, R.,
Lamberti, L., Lorenzetti, G., Lusiani, P., Macripo, C. D., Maicu, F., Mossa, M.,
Tartarini, D., Trotta, F., Umgiesser, G., & Zaggia, L. (2016). Marine rapid
environmental assessment in the gulf of Taranto: A multiscale approach. Natural
Hazards and Earth System Sciences, 16(12), 2623-2639.

Plotnikov, I. S., Aladin, N. V., Zhakova, L. V., Mossin, J., & Hgeg, J. T. (2023). Past,
present and future of the Aral Sea - a review of its fauna and flora before and
during the regression crisis. Zoological Studies, 62, Article el19.

Priya, A. K., Muruganandam, M., Rajamanickam, S., Sivarethinamohan, S., Gaddam, M.
K. R., Velusamy, P., Gamathi, R., Ravindiran, G., Gurugubelli, T. R., & Muniasamy,
S. K. (2023). Impact of climate change and anthropogenic activities on aquatic
ecosystem - A review. Environmental Research, 238(Pt 2), Article 117233.

Rahman, S., Rahman, S., Ahsan, A., & Eslamian, S. (2024). Climate change impacts on
water resources and sediment yield in South Asia. In Handbook of climate change
impacts on river basin management (pp. 193-229). CRC Press.

Remeshevska, I., Trokhymenko, G., Gurets, N., Stepova, O., Trus, I., & Akhmedova, V.
(2021). Study of the ways and methods of searching water leaks in water supply
networks of the settlements of Ukraine. Ecological Engineering and Environmental
Technology, 22(4), 14-21.

Saitoh, K., Satylkanov, R., & Okubo, K. (2021). Mass balance of saline lakes considering
inflow loads of rivers and groundwater: The case of Lake Issyk-Kul, Central Asia.
Journal of Arid Land, 13(12), 1260-1273.

Saravanan, A., Kumar, P. S., Jeevanantham, S., Karishma, S., Tajsabreen, B., Yaashikaa,
P. R., & Reshma, B. (2021). Effective water/wastewater treatment methodologies
for toxic pollutants removal: Processes and applications towards sustainable
development. Chemosphere, 280, Article 130595.

Seraya, N., Daumova, G., Petrova, O., Garcia-Mira, R., & Polyakova, A. (2025).
Ecological status of the small rivers of the East Kazakhstan region. Sustainability,
17(14), Article 6525.

Shan, V., Singh, S. K., & Haritash, A. K. (2020). Water crisis in the Asian countries:
Status and future trends. In M. Kumar, F. Munoz-Arriola, H. Furumai, & T.
Chaminda (Eds.), Resilience, response, and risk in water systems (Springer
Transactions in Civil and Environmental Engineering, pp. 173-194). Springer.

Shuka, L., Cullaj, A., Shumka, S., Miho, A., Duka, S., & Bachofen, R. (2011). The spatial
and temporal variability of limnological properties of Bovilla Reservoir (Albania).
Water Resources Management, 25(12), 3027-3039.

Suriyanarayanan, S., Shivaraju, H. P., & Jenkins, D. (2024). Water management in
developing countries and sustainable development. Springer.

Tkach, V. V., Kushnir, M. V., de Oliveira, S. C., Zavhorodnii, M. P., Brazhko, O. A,
Kornet, M. M., Luganska, O. V., Kopiika, V. V., Ivanushko, Y. G., Mytchenok, M. P.,
Ahafonova, O. V., Yagodynets, P. I., Kormosh, Z. O., & Dos Reis, L. V. (2021). The

AACL Bioflux, 2026, Volume 19, Issue 4. 1706
bioflux.com.ro/aacl



theoretical description for a sucralose electrochemical cathodical determination over
a 9-9 " -diacridyl-modified electrode. Orbital, 13(3), 219-222.

Totubaeva, N., Tokpaeva, Z., Izakov, J., & Abdykadyrova, R. (2024). An integrated
coastal vulnerability index for sustainable development of coastal ecosystems: A
case study of Issyk-Kul Lake. Scientia Iranica, 1-20.

Tsani, S., Koudouri, P., & Akinsete, E. (2020). Resource management and sustainable
development: A review of the European water policies in accordance with the United
Nations’ Sustainable Development Goals. Environmental Science & Policy, 114(3),
570-579.

Uwamahoro, S., Liu, T., Nzabarinda, V., Li, Z., Umugwaneza, A., Maniraho, A. P,
Kayumba, P. M., Gulakhmadov, A., Anming, B., & Abdullaev, F. (2024). Climatic
and anthropogenic impacts on the water balance of Issyk-Kul Lake through its main
catchments. Frontiers in Water, 6, Article 1363039.

Valujeva, K., Burlakovs, J., Grinfelde, I., Pilecka, J., Jani, Y., & Hogland, W. (2018).
Phytoremediation as tool for prevention of contaminant flow to hydrological
systems. Research for Rural Development, 1, 188-194.

Valujeva, K., Pilecka, J., Frolova, O., Berzina, L., & Grinfelde, I. (2017). Measurement
time estimation of CO2, CH4, N20 and NH3 in closed chambers and recirculation
system with picarro g2508 analyser. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management, SGEM, 17(41),
519-526.

Vollmer, M. K., Weiss, R. F., Williams, R. T., Falkner, K. K., Qiu, X., Ralph, E. A., &
Romanovsky, V. V. (2002). Physical and chemical properties of the waters of saline
lakes and their importance for deep-water renewal: Lake Issyk-Kul, Kyrgyzstan.
Geochimica et Cosmochimica Acta, 66(24), 4235-4246.

Voloshina, A., Panchenko, A., Panchenko, I., Titova, 0., & Zasiadko, A. (2019).
Improving the output characteristics of planetary hydraulic machines. IOP
Conference Series: Materials Science and Engineering, 708(1), Article 012038.

Wardle, C., & Zakiriaeva, N. (2022). Sustainability and long-term impact of community-
managed water supply in rural Kyrgyzstan, Central Asia. Waterlines, 41(1), 51-64.

Xiang, X., Li, Q., Khan, S., & Khalaf, O. 1. (2021). Urban water resource management for
sustainable environment planning using artificial intelligence techniques.
Environmental Impact Assessment Review, 86, Article 106515.

Yapiyev, V., Wade, A. J., Shahgedanova, M., Saidaliyeva, Z., Madibekov, A., & Severskiy,
I. (2021). The hydrochemistry and water quality of glacierized catchments in
Central Asia: A review of the current status and anticipated change. Journal of
Hydrology: Regional Studies, 38(5), Article 100960.

Zhang, F., Wu, Z., Di, D., & Wang, H. (2023). Water resources allocation based on water
resources supply-demand forecast and comprehensive values of water resources.
Journal of Hydrology: Regional Studies, 47, Article 101421.

Zhang, H., Wu, J., Guo, R., Jin, M., & Ma, L. (2025). Hydrological variations dominate
long-term ecological dynamics in a large alpine Lake Issyk-Kul, arid Central Asia:
Evidence  from sediment  multi-biomarker  analyses. Palaeogeography,
Palaeoclimatology, Palaeoecology, 675, Article 113097.

Zhang, Y., Wang, N., Yang, X., & Mao, Z. (2022). The dynamic changes of lake Issyk-Kul
from 1958 to 2020 based on multi-source satellite data. Remote Sensing, 14(7),
Article 1575.

*** Climate Change Knowledge Portal. (2026). Kyrgyz Republic. World Bank Group.
https://climateknowledgeportal.worldbank.org/country/kyrgyz-republic

*** Food and Agriculture Organization of the United Nations. (2022). Comprehensive
analysis of the disaster risk reduction system for the agricultural sector in Kyrgyzstan.
https://openknowledge.fao.org/items/e8e836c3-3665-4965-belb-ffdcfc1625eb

*** National Statistical Committee of the Kyrgyz Republic. (2025). Environment: Dynamic
tables. https://stat.gov.kg/en/statistics/turizm-otdyh-ohrana-okruzhayushej-sredy/

*** United Nations. (2024). The United Nations world water development report 2024:
Water for prosperity and peace. UNESCO. https://unesdoc.unesco.org/ark:/
48223/pf0000388948

AACL Bioflux, 2026, Volume 19, Issue 4. 1707
bioflux.com.ro/aacl



Received: 03 March 2026. Accepted: 06 July 2026. Published online: 25 July 2026.

Authors:

Kasiet Musabaeva (KM), Kyrgyz National Agrarian University named after K.I. Skryabin, 720000, 68 Mederova
Str., Bishkek, Kyrgyz Republic, e-mail: kasietmusabaeva8@gmail.com

Aida Sheishenbaeva (AS), Kyrgyz National Agrarian University named after K.I. Skryabin, 720000, 68 Mederova
Str., Bishkek, Kyrgyz Republic, e-mail: a.sheishenbaeva@outlook.com

Oskon Osmonov (00), Kyrgyz National Agrarian University named after K.I. Skryabin, 720000, 68 Mederova
Str., Bishkek, Kyrgyz Republic, e-mail: o-osmonov@hotmail.com

Aman Turdakunov (AT), Kyrgyz National Agrarian University named after K.I. Skryabin, 720000, 68 Mederova
Str., Bishkek, Kyrgyz Republic, e-mail: a_turdakunov@outlook.com

Kyzylgul Duishembieva (KD), Kyrgyz National Agrarian University named after K.I. Skryabin, 720000, 68
Mederova Str., Bishkek, Kyrgyz Republic, e-mail: kduishembieva@hotmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Musabaeva, K., Sheishenbaeva, A., Osmonov, O., Turdakunov, A., & Duishembieva, K. (2026). Water resource
management as a factor of sustainable territorial development and public well-being. AACL Bioflux, 19(4),
1693-1708.

AACL Bioflux, 2026, Volume 19, Issue 4. 1708
bioflux.com.ro/aacl



