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Armenia possesses substantial drinking water resources, including high-quality
groundwater, springs, and mineral water reserves, which constitute an important component of
the country's environmental, economic, and strategic assets. At the same time, increasing
bottled water production, climate change, growing water demand, and the need to ensure long-
term water security are creating new challenges for the sustainable management of these
resources. Although Armenia is generally considered a water-rich country, the long-term
availability of drinking water cannot be assessed solely on the basis of current resource
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abundance. Strategic management requires the integration of climatic, environmental,
economic, and institutional factors that influence both water availability and resource
sustainability.

This study presents a comprehensive assessment of Armenia’s drinking water resources
and evaluates the interactions between climate change, bottled water production, and long-term
water security. The analysis is based on official statistical data, hydrological information,
climate indicators, and institutional documents describing water resource management and
bottled water production trends. The study examines recent changes in water abstraction,
production dynamics, resource utilization, and the potential impacts of climate variability on
drinking water resources.

Based on the identified challenges, the paper proposes an integrated strategic
management framework aimed at balancing economic development with long-term resource
conservation. The framework emphasizes sustainable groundwater management, climate
adaptation, protection of drinking water sources, improved monitoring systems, efficient
allocation of water resources, and evidence-based decision-making. The proposed approach
demonstrates that effective drinking water resource management should move beyond
traditional resource accounting and incorporate long-term resilience, ecosystem protection, and
adaptive governance.

The findings contribute to the development of sustainable water resource management
policies and provide practical recommendations for balancing bottled water production with the
preservation of Armenia's strategic drinking water resources under changing climatic
conditions.

Keywords: drinking water resources; strategic water management; bottled water
production; climate change; groundwater; water security; sustainable resource management;
Armenia.

Introduction

Freshwater resources are among the most valuable strategic assets for ensuring
sustainable development, protecting public health, supporting economic growth, and
maintaining ecosystem integrity. Although approximately 71% of the Earth's surface is covered
by water, less than 1% of global water resources is readily available as accessible freshwater
for human use. Rapid population growth, urbanization, industrial expansion, agricultural
intensification, and climate change are increasing pressure on freshwater resources worldwide,
making their sustainable management one of the most important global environmental
challenges of the twenty-first century.

Access to safe drinking water is internationally recognized as a fundamental human
right and constitutes a key component of the 2030 Agenda for Sustainable Development,
particularly Sustainable Development Goal 6, which calls for universal and equitable access to
safe and affordable drinking water. Nevertheless, ensuring long-term drinking water security
extends beyond guaranteeing present-day access. It also requires protecting water sources,
maintaining groundwater recharge, adapting to climate change, improving governance, and
balancing environmental, economic, and social interests over extended planning horizons.
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During the last decade, scientific attention has increasingly shifted from conventional
water resource development toward integrated strategic water resource management. This
transition reflects the growing recognition that countries possessing relatively abundant
freshwater resources are not immune to water-related risks. Climate variability, changing
precipitation regimes, increasing evaporation, groundwater depletion, pollution, and competing
water demands may gradually reduce the reliability of drinking water supplies even where
current resource availability appears sufficient. Consequently, modern water management
strategies increasingly emphasize long-term resilience, adaptive governance, and sustainable
resource management rather than the continuous expansion of water abstraction.

Armenia is among the countries endowed with substantial high-quality drinking water
resources, primarily supplied by groundwater aquifers, mountain springs, and mineral water
sources. These resources form the foundation of the country's drinking water supply system and
support a steadily expanding bottled water industry that contributes significantly to national
economic development and export growth. However, increasing water demand, climate-
induced hydrological changes, and the continued expansion of bottled water production are
creating new challenges for the long-term sustainability and strategic management of these
valuable resources.

Although numerous scientific studies have addressed Armenia's drinking water
resources, most have focused on individual aspects such as hydrogeological conditions, water
quality, water balance, water supply systems, or statistical assessments of bottled water
production. Comparatively few studies have comprehensively examined the interrelationships
among climate change, drinking water resource utilization, the expansion of bottled water
production, and long-term water security within a unified strategic management perspective.
Consequently, there is a clear need for an integrated strategic approach to the management of
Armenia’s drinking water resources that extends beyond conventional resource assessment and
incorporates long-term resource conservation, climate resilience, sustainable economic
development, and the safeguarding of water security.

Global Approaches to Drinking Water Resource Management

The management of drinking water resources has evolved considerably over the past
several decades in response to growing environmental, socio-economic, and climatic
challenges. Traditionally, water management policies primarily focused on expanding water
supply through the construction of reservoirs, groundwater abstraction systems, inter-basin
water transfers, and centralized distribution infrastructure. This engineering-oriented approach
was largely driven by the objective of meeting increasing water demand and supporting
economic development. However, the accelerating impacts of climate change, rapid
urbanization, population growth, environmental degradation, and increasing competition
among water users have demonstrated that expanding water supply alone is insufficient to
ensure long-term drinking water security [1,5,7].

These challenges have led to a gradual transition from conventional water resource
development toward integrated and strategic management approaches. One of the most
influential concepts introduced during this transition is Integrated Water Resources
Management (IWRM), which promotes the coordinated management of water, land, and related
natural resources to maximize economic and social benefits while preserving ecosystem
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sustainability. Since its introduction by the Global Water Partnership, the IWRM framework
has become one of the fundamental principles guiding national water policies and international
water governance. Complementary governance frameworks developed by the Organisation for
Economic Co-operation and Development have further emphasized transparency, institutional
coordination, stakeholder participation, accountability, and evidence-based decision-making as
essential elements of effective water governance [7-10].

In recent years, scientific and policy attention has increasingly shifted toward the
broader concept of water security, which extends beyond ensuring adequate water quantity and
quality. Contemporary approaches recognize that long-term drinking water security depends on
the resilience of water resources to climate change, the sustainability of groundwater recharge,
ecosystem protection, effective governance, adaptive management, and the capacity of
institutions to respond to emerging environmental risks. This transition is reflected in the United
Nations World Water Development Reports and the Sustainable Development Goal 6
framework, which advocate integrated management strategies capable of balancing
environmental sustainability, economic development, and social equity while strengthening
resilience to climate-related pressures [1-6,12-14].

Despite the substantial progress achieved in strategic water resource management
during the past two decades, existing international approaches primarily focus on integrated
governance, water-use efficiency, climate adaptation, and ecosystem protection at the general
water-resource level. Comparatively less attention has been devoted to the strategic
management of drinking water resources as a distinct category of national natural assets,
particularly in countries possessing abundant high-quality groundwater reserves and rapidly
expanding bottled water industries. Furthermore, limited emphasis has been placed on
balancing long-term drinking water security with the increasing economic utilization of potable
water resources. These knowledge gaps indicate the need for more specialized strategic
management approaches capable of integrating climate resilience, groundwater sustainability,
economic development, and long-term protection of drinking water resources within a unified
management framework.

Despite the significant progress achieved in strategic water resource management,
increasing scientific attention is now focused on understanding how climate change influences
the long-term sustainability of drinking water resources, thereby necessitating a more detailed
examination of climate-related impacts on water availability and security.

Climate Change and Drinking Water Resources

Climate change has emerged as one of the most significant challenges affecting the
sustainability of drinking water resources worldwide. Rising air temperatures, changing
precipitation patterns, increasing evapotranspiration, more frequent droughts, and the growing
occurrence of extreme hydrological events are altering the natural processes that regulate water
availability and groundwater recharge. These changes directly influence both the quantity and
quality of drinking water resources and increase uncertainty regarding their long-term
availability [1-6,12-14].

Numerous studies have demonstrated that groundwater systems, traditionally
considered more resilient than surface water resources, are also becoming increasingly
vulnerable to climate variability. Reduced recharge rates, prolonged dry periods, changing
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snow accumulation and snowmelt dynamics, and increasing abstraction pressures may
gradually diminish groundwater reserves and alter spring discharge regimes. Since groundwater
constitutes the principal source of drinking water in many countries, including Armenia, these
processes have become a major concern for long-term water resource planning and sustainable
management [3,11-14].

Beyond physical impacts on water availability, climate change also affects drinking
water quality through increased sediment transport, higher concentrations of dissolved
pollutants, changing hydrochemical conditions, and greater risks of contamination during
extreme hydrological events. Consequently, ensuring drinking water security increasingly
requires integrated monitoring systems capable of simultaneously evaluating hydrological,
hydrogeological, climatic, and water-quality indicators rather than relying on individual
environmental parameters [1-6,12-14].

Recent international research emphasizes that adaptation to climate change should
become an integral component of strategic drinking water resource management. Modern
adaptation measures include the protection of groundwater recharge areas, enhancement of
monitoring systems, improvement of water-use efficiency, diversification of drinking water
sources, development of climate-resilient infrastructure, and the incorporation of climate
projections into long-term water resource planning. These approaches contribute not only to
reducing climate-related risks but also to strengthening the resilience and sustainability of
national drinking water systems [1-6,9,12—14].

Despite considerable progress in understanding climate-related impacts on water
resources, most existing studies primarily assess the physical consequences of climate change
on hydrological systems. Comparatively limited attention has been devoted to evaluating how
climate change interacts with the expanding economic utilization of drinking water resources,
particularly bottled water production, and how these combined pressures influence long-term
strategic management and national water security. This issue is particularly relevant for
countries where drinking water resources represent both an essential public resource and a
growing economic asset.

Bottled Water Production, Groundwater Sustainability, and Research Progress in
Armenia

The global bottled water industry has experienced remarkable growth during the past
two decades, driven by increasing consumer demand for safe drinking water, urbanization,
changing lifestyles, and concerns regarding the quality of public water supplies. In many
countries, bottled water production has become an important economic sector, contributing to
employment, regional development, and export revenues. However, this rapid expansion has
also intensified scientific discussions regarding the long-term sustainability of groundwater
abstraction, protection of drinking water sources, and the need to balance economic
development with the conservation of strategic water resources [1-6].

Groundwater represents the principal source of bottled drinking water in most producing
countries. Although groundwater generally provides high-quality drinking water with relatively
limited treatment requirements, excessive abstraction may gradually exceed natural recharge
rates, resulting in declining groundwater levels, reduced spring discharge, ecosystem
degradation, and increasing vulnerability to climate variability. Consequently, international
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studies increasingly emphasize that bottled water production should be managed within the
broader framework of sustainable groundwater management and long-term water security
rather than solely through economic considerations [3,5,9,11-14].

Armenia possesses abundant high-quality groundwater resources and numerous natural
springs, creating favorable conditions for the development of bottled drinking water and
mineral water production. During recent decades, this sector has become an important
component of the national economy and has strengthened its position in international markets.
At the same time, the sustainable utilization of these resources has become an increasingly
important issue as climate change, growing water demand, and expanding economic activities
continue to increase pressure on strategic drinking water reserves.

Among the studies devoted to Armenia's drinking water resources, the work of
Markosyan et al. (2018) represents one of the first comprehensive assessments integrating
information on national drinking water resources with the country's bottled water production
and export potential [15]. The study demonstrated the significant availability of high-quality
drinking water resources in Armenia and highlighted their economic importance as a strategic
natural asset. It also emphasized the country's considerable opportunities for expanding bottled
water exports based on its favorable hydrogeological conditions.

Since the publication of that study, however, substantial changes have occurred. New
statistical data, advances in scientific understanding of climate change, evolving international
approaches to water security, growing bottled water production, and increasing attention to
sustainable groundwater management have considerably altered the context within which
Armenia's drinking water resources should be evaluated. These developments indicate that
previous assessments require further expansion toward integrated strategic management
approaches capable of simultaneously addressing climate resilience, groundwater
sustainability, economic development, and long-term drinking water security.

Conflict Setting

Despite the significant progress achieved in drinking water resource management during
recent decades, an important scientific contradiction remains unresolved. On the one hand,
countries possessing abundant high-quality drinking water resources are generally considered
to have a favorable long-term water security outlook. On the other hand, climate change,
increasing groundwater abstraction, expanding bottled water production, and growing socio-
economic demand are progressively altering the conditions under which these resources are
utilized and conserved. Consequently, resource abundance alone can no longer be regarded as
a sufficient indicator of long-term drinking water security.

This contradiction is particularly evident in Armenia. The country possesses substantial
reserves of high-quality groundwater and spring water, while bottled water production has
become an increasingly important economic sector. Simultaneously, climate change, changing
hydrological conditions, and increasing pressure on groundwater resources introduce new
uncertainties regarding the long-term sustainability of drinking water resources. These
interacting processes require a management approach that extends beyond conventional
resource inventories and production statistics.
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The analysis of the available scientific literature indicates that existing studies generally
examine hydrogeological conditions, water quality, climate impacts, groundwater utilization,
or bottled water production as separate research topics. Comparatively few studies have
attempted to integrate these components within a unified strategic management framework
capable of simultaneously evaluating climate resilience, groundwater sustainability, economic
development, and long-term drinking water security.

Accordingly, there is a need to develop a comprehensive strategic management
approach that considers drinking water resources not only as environmental assets but also as
strategic national resources requiring long-term protection, adaptive management, and
evidence-based policy development.

The objective of this study is to comprehensively assess the current status and
development trends of Armenia’s drinking water resources, evaluate the potential impacts of
climate change and bottled water production, and develop an integrated strategic management
framework that supports balanced decision-making between economic development,
conservation of drinking water resources, and long-term water security. The proposed
framework represents the principal scientific contribution of this study and is intended to
provide methodological support for strategic drinking water resource management in Armenia
and in other countries facing similar environmental and socio-economic challenges.

Materials and Methods

Study Area

The Republic of Armenia was selected as the study area because of its considerable
reserves of high-quality drinking water resources, extensive groundwater systems, numerous
mountain springs, and well-developed bottled water industry. These characteristics make
Armenia an appropriate case for evaluating the interactions among climate change, drinking
water resource utilization, economic development, and long-term water security. Particular
attention was given to groundwater resources, which constitute the principal source of drinking
water for both public supply and bottled water production.

Data Sources

The study was based on the integration of multiple data sources, including official
statistical publications of the Statistical Committee of the Republic of Armenia (ArmStat),
reports of the Ministry of Environment, national water cadastre information, hydrogeological
and climatic datasets, and international publications issued by UNESCO, UN-Water, the World
Meteorological Organization (WMO), the Intergovernmental Panel on Climate Change (IPCC),
the Organisation for Economic Co-operation and Development (OECD), and the World Bank.
Data covering the period 2018-2025 were used to evaluate recent developments in drinking
water resources, bottled water production, groundwater utilization, and climate-related
indicators.

Research Methodology

The research employed an integrated methodological approach combining literature
review, statistical analysis, comparative assessment, trend analysis, hydrogeological evaluation,
climate assessment, and policy analysis. Temporal trends in drinking water resource utilization
and bottled water production were analyzed using official statistical data. Climate-related
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influences were evaluated through the assessment of temperature and precipitation trends
together with internationally recognized climate reports. Comparative analysis was applied to
identify relationships among climate change, groundwater sustainability, bottled water
production, and long-term drinking water security. The results of these analyses were
synthesized to identify the principal strategic challenges affecting drinking water resource
management in Armenia.

Development of the Strategic Drinking Water Resource Management Framework

Based on the identified scientific gaps, literature review, statistical evaluation, climate
assessment, and policy analysis, a Strategic Drinking Water Resource Management Framework
(SDWRMF) was developed. The framework integrates four interrelated components: (i)
assessment of drinking water resource availability and sustainability; (ii) evaluation of climate-
related pressures and groundwater resilience; (iii) assessment of economic utilization, including
bottled water production; and (iv) strategic management and policy decision-making. The
proposed framework provides a systematic methodology for evaluating drinking water
resources as strategic national assets while simultaneously considering environmental
sustainability, economic development, and long-term water security. The practical application
and validation of the framework are presented in the subsequent Results and Discussion section.

Research Results

Drinking Water Resources of Armenia

Armenia possesses substantial high-quality drinking water resources that constitute one
of the country's most valuable strategic natural assets. Drinking water is supplied predominantly
from groundwater aquifers and natural springs, which are characterized by favorable
hydrogeological conditions and generally high water quality. These resources satisfy the
majority of the country's public drinking water demand while simultaneously supporting the
production of bottled drinking and mineral water. Owing to their strategic importance for public
health, socio-economic development, and environmental sustainability, the long-term
protection and rational management of these resources have become fundamental priorities of
national water policy. Consequently, the assessment of drinking water resources should extend
beyond conventional quantitative inventories and incorporate considerations of sustainability,
resilience, and long-term water security.

The hydrogeological structure of Armenia plays a decisive role in the formation and
long-term availability of drinking water resources. The country's mountainous terrain, complex
geological setting, and diverse aquifer systems provide favorable conditions for the
accumulation, natural filtration, and continuous recharge of groundwater. As a result,
groundwater constitutes the primary source of drinking water for most settlements and
represents the principal resource supporting bottled water production. Compared with surface
water resources, groundwater generally exhibits greater stability in both quantity and quality,
making it particularly valuable under conditions of increasing climatic variability.
Nevertheless, the sustainability of groundwater resources depends on maintaining a balance
between natural recharge and water abstraction, emphasizing the importance of continuous
monitoring and scientifically based resource management.
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General Characteristics of Armenia‘s Water Resources

Indicator Value Unit

Average annual river runoff 7.2-7.7 | billion m3/year
Renewable internal freshwater resources | 6.85-7.0 | billion m3/year
Number of rivers ~0,480 | —

Number of reservoirs 74 —

Total reservoir storage capacity 0.988 billion m3
Lake Sevan water volume ~38.0 billion m3
Official strategic national water reserve | 39.3 billion m3

Table 1

Note: The value of 39.3 billion m?3 is adopted in this study as the official indicator of Armenia's strategic national
water reserve in accordance with the Law of the Republic of Armenia "On the National Water Program of the
Republic of Armenia” (Law No. HO-232-N, adopted on 27 November 2006). This value represents the legally
recognized strategic water reserve ensuring the country's long-term water and environmental security. Values such
as 45.5 billion m3, occasionally reported in the literature, refer to the gross national water resource potential and
are therefore not used as the official strategic water reserve indicator in the present study.

Water Resources of Armenia: Structure and Key Components
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Fig. 1 General Structure of Armenia's Water Resources
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Fig. 1 illustrates the general structure of Armenia’'s water resources, including surface
water, groundwater, lake resources, and reservoirs, together with their principal quantitative
characteristics. The figure highlights the central role of Lake Sevan and groundwater resources
in ensuring the country's long-term water security and provides the conceptual basis for the
subsequent assessment of strategic drinking water resources using the Strategic Drinking Water
Resource Management Framework (SDWRMF).
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The analysis of Armenia’'s water resources demonstrates that the country possesses
considerable freshwater potential, forming a strong basis for long-term water security. As
summarized in Tab.1 and illustrated in Fig.1, Armenia's water resources comprise surface
waters, groundwater, lake resources, and reservoirs, which together constitute an integrated
national water system. Surface water resources are represented by an average annual river
runoff of approximately 7.2—7.7 billion m3 and an extensive hydrographic network of nearly
9,480 rivers. Lake Sevan, with an estimated water volume of approximately 38 billion m3,
constitutes the country's principal strategic freshwater reserve, while the existing network of 74
reservoirs provides a total storage capacity of approximately 0.988 billion m3, contributing to
seasonal flow regulation and water supply reliability. According to the National Water Program
of the Republic of Armenia, the officially recognized strategic national water reserve amounts
to 39.3 billion m3, representing the legally protected long-term freshwater reserve that
underpins the country's water and environmental security.

Table 2
Characteristics of Armenia's Strategic Groundwater Resources
Indicator Value Unit

Total renewable groundwater resources 4.017 | billion

m3/year
Spring discharge 1.595 | billion

m3/year
Drainage discharge 1.419 | billion

m3/year
Deep groundwater discharge 1.003 | billion

m3/year
Potential exploitable groundwater resources >3.0 | billion

m3/year
Officially approved exploitable groundwater reserves 1.215 | billion

m3/year
Drinking water supplied from groundwater 9% | %
Official strategic groundwater reserve 1.3 | billion m3
Principal strategic hydrogeological basin Ararat Artesian | —

Basin

Contribution of the Ararat Artesian Basin to national groundwater 45-50 | %
resources

Note: Renewable groundwater resources represent the annually replenished groundwater potential of the country.
Potential exploitable groundwater resources (>3.0 billion m3/year) refer to the estimated maximum volume that
could theoretically be abstracted under favorable hydrogeological and engineering conditions without causing
irreversible depletion. In contrast, the officially approved exploitable groundwater reserves (1.215 billion m3/year)
represent the legally verified and technically proven portion of groundwater resources approved for sustainable
use through the state hydrogeological assessment system. In accordance with the objectives of this study, both
indicators are presented because they characterize different dimensions of Armenia's strategic groundwater
potential and its currently approved sustainable utilization capacity.

Fig. 2 presents the structure of Armenia's renewable groundwater resources and their
role in national drinking water supply. The figure illustrates the distribution of renewable
groundwater into spring, drainage, and deep groundwater flow components, together with the
relationship between renewable resources, potential exploitable resources, officially approved
exploitable groundwater reserves, and the strategic groundwater reserve. It also highlights the
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dominant contribution of the Ararat Artesian Basin to the country's groundwater resources and
the fundamental role of groundwater in providing centralized drinking water supply.

Armenia s Strategic Groundwater Resources
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Fig. 2 Structure and Utilization of Armenia’s Strategic Groundwater Resources

The characteristics of Armenia's strategic groundwater resources are presented in Table
2 and illustrated in Figure 2. The country possesses approximately 4.017 billion m3/year of
renewable groundwater resources, which are replenished through natural hydrological
processes and constitute the principal source of drinking water. Renewable groundwater
consists of three major components: spring discharge (1.595 billion m3/year), drainage
discharge (1.419 billion md/year), and deep groundwater flow (1.003 billion m3/year),
indicating a well-balanced hydrogeological system. Although the country's potential
exploitable groundwater resources exceed 3.0 billion m3/year, the officially approved
exploitable groundwater reserves amount to 1.215 billion m3/year, reflecting the volume that
has been hydrogeologically verified and authorized for environmentally sustainable abstraction.
Groundwater supplies approximately 96% of Armenia's centralized drinking water,
highlighting its critical importance for national water security. Furthermore, the officially
recognized strategic groundwater reserve of 1.3 billion m3, together with the dominant
contribution of the Ararat Artesian Basin, demonstrates the strategic significance of
groundwater resources for ensuring long-term drinking water security under increasing climatic
and socio-economic pressures.
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Table 3

Climate Change Indicators Affecting Drinking Water Resources in Armenia (2018-2025)

Year Mean Annual Temperature Annual Precipitation Relative to
Temperature (°C) Anomaly (°C) | Precipitation (mm) Climate Normal (%)

2018 9.1 +1.5 480-520 80-87
2019 8.5 +0.7 480-520 80-87
2020 9.0 +1.2 480-520 80-87
2021 8.9 +1.1 550 92
2022 8.2 +0.3 570 96
2023 9.02 +1.2 510 86
2024 8.87 +1.0 740.98 125
2025* 8.9-9.0 ~+1.0 ~490** 82-84

Preliminary estimates based on official hydrometeorological observations.

Climate normal (1991-2020): Mean annual precipitation: 592 mm. Temperature anomalies are
calculated relative to the official climatic normal (1991-2020).
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Armenia (2018-2025)

Fig. 3. Trends in Mean Annual Temperature Anomalies and Annual Precipitation in

The Fig. 3 illustrates the temporal variation of two principal climatic indicators affecting

drinking water resources in Armenia during 2018-2025. Annual precipitation is presented as
bars, while mean annual temperature anomalies relative to the 1991-2020 climatic normal are
shown as a line. The combined presentation highlights the persistent warming trend together
with pronounced interannual precipitation variability, emphasizing the increasing climatic
uncertainty influencing the long-term sustainability of drinking water resources.

Climate data presented in Table 3 and Figure 3 demonstrate a clear warming trend and

increasing climatic variability in Armenia during the period 2018-2025. Mean annual air
temperature remained consistently above the climatic normal throughout the study period, with
positive anomalies ranging from +0.3°C to +1.5°C, confirming the ongoing warming observed
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across the country. At the same time, annual precipitation exhibited pronounced interannual
variability, ranging from prolonged drought conditions during 2018-2020 and again in 2025 to
exceptionally wet conditions in 2024. Such fluctuations indicate increasing climatic instability
rather than a simple linear change in precipitation patterns.

These climatic changes have direct implications for the long-term sustainability of
drinking water resources. Reduced snow accumulation, earlier snowmelt, and increasing
evapotranspiration decrease groundwater recharge, while declining spring discharge and
increasing dependence on groundwater abstraction place additional pressure on strategic
drinking water reserves. According to national assessments, climate change has already
contributed to measurable reductions in the discharge of mountain springs and has intensified
pressure on the Ararat Artesian Basin. Climate projections indicate that by 2050, renewable
groundwater resources may decline by approximately 8-10%, emphasizing the necessity of
integrating climate adaptation measures into the strategic management of drinking water
resources.

Table 4
Bottled Water Production and Groundwater Utilization in Armenia (2018-2025)

Indicator Value Unit
Bottled drinking and natural mineral water 145-155 | million
production (2024—-2025) liters/year
Groundwater abstraction for bottled water 0.145-0.155 | million
production m3/year
Share of officially approved exploitable ~0.013 | %
groundwater reserves
Bottled water export (2024) 30.9 | million liters
Planned annual export growth 58| %
Principal export markets Russia, USA, UAE, Kazakhstan, Ukraine | —
Main strategic groundwater pressure Aquaculture and agricultural irrigation | —
identified at the national level
Strategic environmental requirement for the Continuous hydrogeological monitoring of | —
bottled water industry mineral water sources

Note: Current official assessments indicate that bottled water production utilizes only a very small fraction of
Armenia’s officially approved exploitable groundwater reserves and therefore does not presently constitute a
significant threat to national strategic drinking water resources. Nevertheless, continued industry expansion,
combined with climate change and increasing groundwater demand, underscores the importance of preventive
strategic groundwater management and continuous hydrogeological monitoring.

Fig. 4 illustrates the relative position of bottled water production within the overall
structure of groundwater utilization in Armenia. The figure demonstrates that, although the
bottled water industry has experienced continuous production and export growth, its current
groundwater abstraction represents only a negligible proportion of the officially approved
exploitable groundwater reserves. In contrast, aquaculture and agricultural irrigation constitute
the principal anthropogenic pressures on groundwater resources. Nevertheless, considering
projected climate change, increasing water demand, and the expected expansion of bottled
water production, preventive strategic management and continuous hydrogeological monitoring
remain essential to ensure the long-term sustainability of Armenia’s strategic drinking water
resources.
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Figure 4. Strategic Position of Bottled Water Production within Armenia's Groundwater Use Framework (2024-2025)
Based on official data of RA Statistical Committee and RA Ministry of Erviromment
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Fig. 4 Groundwater Utilization Structure and the Position of Bottled Water Production within
Armenia's Strategic Water Resources Management Framework

The results presented in the preceding sections demonstrate that Armenia currently
possesses sufficient strategic drinking water resources to ensure long-term national water
security. However, the analysis also reveals that future sustainability cannot be evaluated solely
on the basis of resource availability. Climate change is gradually reducing groundwater
recharge, increasing climatic variability and uncertainty, while socio-economic development is
expected to increase future water demand. At the same time, the bottled water industry
continues to expand and contributes to economic growth and export development, although its
current groundwater abstraction remains negligible in comparison with the officially approved
exploitable groundwater reserves.

These findings indicate that strategic drinking water management should move beyond
the traditional assessment of available water resources toward an integrated preventive
management approach capable of simultaneously considering natural resource availability,
climate-related risks, economic utilization, environmental sustainability, and long-term national
water security. To address these challenges, this study proposes the Strategic Drinking Water
Resource Management Framework (SDWRMF) as an integrated decision-support framework
for balancing resource conservation, economic development, and sustainable groundwater
utilization under changing climatic conditions.

The Strategic Drinking Water Resource Management Framework (SDWRMF) is
designed to support long-term decision-making by integrating the principal factors affecting
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drinking water resource sustainability into a unified management system. Unlike conventional
approaches that primarily focus on the availability of water resources, the proposed framework
simultaneously considers the quantity and quality of drinking water resources, climate-related
pressures, groundwater utilization, economic development, environmental protection, and
institutional governance. This integrated perspective enables strategic decisions to be based not
only on current resource availability but also on future risks and sustainability objectives,
thereby strengthening the resilience of national drinking water resource management.

STRATEGIC DRINKING WATER RESOURCE MANAGEMENT FRAMEWORK (SOWRMF)

SOWRMF integrates key natural, climatic, sconomic, anvironmental and institutional factors
10 support balanced and sustanable management of drinking water resources
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Fig. 5 Strategic Drinking Water Resource Management Framework (SDWRMF)

Fig. 5 presents the Strategic Drinking Water Resource Management Framework
(SDWRMF) proposed in this study. The framework integrates five interrelated management
dimensions: drinking water resources, climate change and associated risks, groundwater
utilization, economic use and development, and institutional governance. These components
are linked through an integrated assessment and decision-support process that enables
comprehensive evaluation of resource conditions, climate-related pressures, groundwater
sustainability, economic development, and governance effectiveness. The framework supports
adaptive and preventive decision-making aimed at balancing resource conservation, sustainable
economic development, and the long-term security of Armenia's strategic drinking water
resources under changing climatic conditions.

Drinking Water Resources

The first component of the Strategic Drinking Water Resource Management Framework
(SDWRMF) is based on the comprehensive assessment of drinking water resources. It
encompasses not only the quantitative evaluation of available water resources but also the
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assessment of their quality, natural recharge capacity, strategic importance, and long-term
sustainability. Particular attention is given to the interrelationship between surface water and
groundwater resources, the protection of strategic water reserves, continuous monitoring of
drinking water quality, and the maintenance of sustainable abstraction limits. This component
forms the foundation of the SDWRMF, as all subsequent management decisions should be
based on an objective assessment of the current condition of the country's drinking water
resources and their capacity to ensure long-term water security.

Climate Change and Risk Assessment

The second component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) focuses on the assessment of climate change and its implications for
the long-term sustainability of drinking water resources. This component evaluates trends in air
temperature, precipitation, drought frequency, extreme hydrological events, and their influence
on groundwater recharge, spring discharge, and drinking water availability. It also incorporates
climate projections, vulnerability assessment, and scenario analysis to identify potential future
risks affecting strategic water resources. By integrating climate-related information into the
decision-making process, the framework supports adaptive management strategies that enhance
the resilience of drinking water resources under changing environmental conditions and reduce
the long-term risks associated with climate uncertainty.

Sustainable Groundwater Utilization

The third component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) focuses on ensuring the sustainable utilization of groundwater
resources, which constitute the principal source of drinking water in Armenia. This component
emphasizes maintaining a balance between groundwater abstraction and natural recharge while
preserving groundwater quality and the long-term functionality of aquifer systems. It includes
continuous hydrogeological monitoring, assessment of groundwater abstraction rates,
protection of strategic groundwater reserves, regulation of groundwater use by different
economic sectors, and prevention of localized overexploitation. Particular attention is given to
preserving the hydrogeological stability of strategically important groundwater basins,
especially the Ararat Artesian Basin, through science-based management, regular monitoring,
and adaptive regulatory measures. This component ensures that groundwater utilization remains
environmentally sustainable while supporting national drinking water security and socio-
economic development.

Economic Development and Bottled Water Production

The fourth component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) addresses the relationship between economic development and the
sustainable utilization of drinking water resources. The framework recognizes bottled drinking
and natural mineral water production as an important contributor to national economic growth,
employment, and export development. At the same time, it emphasizes that economic activities
relying on strategic groundwater resources should be managed within scientifically justified
and environmentally sustainable limits. This component promotes the integration of economic
planning with groundwater resource protection through regular assessment of groundwater
abstraction, continuous hydrogeological monitoring, environmental impact evaluation, and
adaptive management mechanisms. Such an approach ensures that economic development can
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continue without compromising the long-term sustainability and strategic security of Armenia's
drinking water resources.

Institutional Governance and Decision Support

The fifth component of the Strategic Drinking Water Resource Management Framework
(SDWRMF) focuses on institutional governance and evidence-based decision support. It
provides the organizational and regulatory foundation necessary for implementing integrated
drinking water resource management at the national level. This component promotes
coordination among governmental institutions, scientific organizations, water utilities,
environmental authorities, and other stakeholders involved in water resource management. It
also emphasizes continuous data collection, monitoring, information exchange, and periodic
reassessment of management decisions based on updated scientific evidence and changing
environmental conditions. By integrating reliable scientific information with adaptive
governance mechanisms, this component enhances the effectiveness, transparency, and long-
term resilience of strategic drinking water resource management while supporting informed
policy development and sustainable decision-making.

Expected Benefits of Implementing the Strategic Drinking Water Resource
Management Framework (SDWRMF)

The implementation of the Strategic Drinking Water Resource Management Framework

(SDWRMF) is expected to strengthen the long-term sustainability, resilience, and efficiency of
drinking water resource management in Armenia. By integrating hydrological, climatic,
environmental, economic, and institutional information into a unified decision-support
framework, SDWRMF enables a comprehensive assessment of both current conditions and
future risks.
The proposed framework supports early identification of emerging threats to strategic drinking
water resources, improves coordination among responsible institutions, promotes evidence-
based policy development, and facilitates adaptive management under changing climatic and
socio-economic conditions. Furthermore, SDWRMF provides a balanced approach that
simultaneously supports groundwater conservation, sustainable economic development, and the
protection of national drinking water security.

Beyond its application in Armenia, the conceptual structure of SDWRMF may also
serve as a transferable decision-support framework for other countries facing similar challenges
related to climate change, increasing groundwater demand, and the need to balance economic
development with the long-term protection of strategic drinking water resources.

Discussion

Principal Scientific Findings

The present study demonstrates that Armenia possesses substantial strategic drinking
water resources, primarily supplied by high-quality groundwater, which currently provide
approximately 96% of the country's centralized drinking water supply. The assessment
confirmed that the existing groundwater resources and officially approved exploitable reserves
remain sufficient to support both domestic water supply and the continuing development of the
bottled water industry. Nevertheless, the analysis indicates that the long-term sustainability of
these resources cannot be evaluated solely on the basis of their current availability.
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The results further demonstrate that climate change has become one of the principal
long-term drivers influencing the sustainability of drinking water resources in Armenia.
Persistent positive temperature anomalies, increasing climatic variability, changes in
precipitation patterns, and projected reductions in groundwater recharge collectively increase
uncertainty regarding future drinking water availability. These findings support the growing
international consensus that strategic water management should increasingly focus on resilience
and adaptive capacity rather than solely on resource abundance.

The study also demonstrates that the current scale of bottled drinking and mineral water
production does not constitute a significant pressure on Armenia's strategic groundwater
resources. According to the available official data, groundwater abstraction for bottled water
production represents only a negligible proportion of the officially approved exploitable
groundwater reserves. The principal anthropogenic pressures continue to originate from other
sectors, particularly aquaculture and agricultural irrigation. However, the combination of
climate change, increasing groundwater demand, and the expected long-term expansion of
water-dependent economic activities justifies the adoption of preventive strategic management
approaches.

The principal scientific contribution of this research is the development of the Strategic
Drinking Water Resource Management Framework (SDWRMF), which integrates
hydrological, climatic, environmental, economic, and institutional factors within a unified
decision-support framework. Unlike conventional approaches that evaluate these factors
separately, SDWRMF provides an integrated methodology for balancing drinking water
resource conservation, sustainable economic development, and long-term national water
security under changing climatic conditions.

Comparison with Previous Studies

Previous studies on Armenia's drinking water resources have primarily focused on
individual aspects of water resource management, including hydrogeological characteristics,
groundwater resources, drinking water quality, water supply systems, climate change impacts,
or bottled water production. These studies have made important contributions to understanding
the country's water resources and have provided valuable scientific and technical information
for sectoral planning and resource management.

The findings of the present study are generally consistent with previous research
regarding the strategic importance of groundwater resources, the increasing influence of climate
change, and the growing economic significance of bottled water production. However, unlike
earlier studies, which have largely examined these issues independently, the present research
integrates them within a single strategic management perspective.

The principal distinction of the proposed Strategic Drinking Water Resource
Management Framework (SDWRMF) lies in its ability to simultaneously consider resource
availability, groundwater sustainability, climate-related risks, economic utilization,
environmental protection, and institutional governance within a unified decision-support
framework. This integrated approach provides a broader basis for strategic planning and policy
development than conventional resource assessment methodologies.

Furthermore, although the framework was developed using Armenia as a case study, its
conceptual structure is sufficiently flexible to be adapted for application in other countries

89



Bulletin Of High Technology N 2 (38) 2026.-pp.72-95. WATER SYSTEMS

A.Kh. Markosyan, A.K. Harutyunyan, L.V. Tokmajyan, G.H. Martirosyan
STRATEGIC MANAGEMENT OF DRINKING WATER RESOURCES IN ARMENIA: BALANCING CLIMATE
CHANGE, BOTTLED WATER PRODUCTION, AND LONG-TERM WATER SECURITY

facing similar challenges associated with climate change, increasing groundwater demand, and
the need to balance economic development with long-term drinking water security.

Practical Implications of the Strategic Drinking Water Resource Management
Framework (SDWRMF)
The proposed Strategic Drinking Water Resource Management Framework

(SDWRMF) has important practical implications for the sustainable management of drinking
water resources in Armenia. By integrating hydrological, climatic, environmental, economic,
and institutional information into a unified decision-support framework, SDWRMF provides a
systematic basis for strategic planning and evidence-based policy development.

The framework can support governmental institutions in evaluating alternative
management scenarios, identifying emerging risks, prioritizing investments, and developing
adaptive measures aimed at protecting strategic drinking water resources. It also facilitates
coordination among institutions responsible for water management, environmental protection,
climate adaptation, and economic development, thereby improving the overall effectiveness of
water governance.

From an operational perspective, SDWRMF may be applied as a planning and
assessment tool for groundwater monitoring programs, abstraction licensing, climate adaptation
strategies, and long-term water resource planning. Its flexible conceptual structure allows
periodic updating as new scientific information, monitoring data, and policy priorities become
available, ensuring that management decisions remain responsive to changing environmental
and socio-economic conditions.

The practical implementation of SDWRMF therefore represents not only a scientific
contribution but also a potential management instrument for strengthening national drinking
water security and supporting sustainable development under increasing climatic uncertainty.

Study Limitations and Future Research

Although the proposed Strategic Drinking Water Resource Management Framework

(SDWRMF) provides an integrated approach to strategic drinking water resource management,
several limitations should be acknowledged. First, the framework was developed using
Armenia as the primary case study, and its application in other geographical and institutional
settings will require adaptation to local hydrological, climatic, and governance conditions.
Second, the present study is based primarily on officially available statistical, hydrological, and
environmental data, which may be refined as new monitoring results and updated national
databases become available.
Future research should focus on the practical implementation and validation of SDWRMF
through detailed regional case studies, quantitative performance indicators, and scenario-based
modelling under different climate and socio-economic development pathways. Additional
research may also investigate the integration of remote sensing, geographic information
systems, artificial intelligence, and real-time monitoring technologies into the framework to
further improve decision support and adaptive water resource management.

Despite these limitations, the proposed framework establishes a comprehensive
scientific foundation for strategic drinking water resource management and provides a flexible
basis for future methodological development and international application.
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Conclusions
The present study confirms that Armenia possesses substantial strategic drinking water
resources, with groundwater constituting the principal source of the country's centralized
drinking water supply. The current resource base remains sufficient to support both
domestic water demand and the continued development of the bottled water industry.
Climate change represents one of the most significant long-term challenges for the
sustainable management of Armenia's drinking water resources. Persistent warming,
increasing climatic variability, and projected reductions in groundwater recharge highlight
the necessity of integrating climate adaptation into strategic water resource management.
The analysis demonstrates that bottled drinking and natural mineral water production
currently utilizes only a negligible proportion of the officially approved exploitable
groundwater reserves. At present, the principal anthropogenic pressures on groundwater
resources originate primarily from aquaculture and agricultural irrigation rather than from
the bottled water industry.
The findings indicate that the long-term sustainability of strategic drinking water
resources should be evaluated through an integrated perspective that simultaneously
considers hydrological, climatic, environmental, economic, and institutional factors
instead of relying solely on resource availability.
The Strategic Drinking Water Resource Management Framework (SDWRMF) proposed
in this study provides an integrated decision-support framework capable of balancing
drinking water resource conservation, sustainable groundwater utilization, economic
development, and long-term national water security under changing climatic conditions.
The proposed framework offers practical opportunities for improving strategic planning,
adaptive management, institutional coordination, and evidence-based policy development
related to drinking water resource management in Armenia.
. Although developed using Armenia as a case study, the conceptual structure of SDWRMF
may also be adapted for application in other countries facing similar challenges associated
with climate change, increasing groundwater demand, and the long-term protection of
strategic drinking water resources.
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pwnwpwlwunygjwt Yuwmwnpbjwgnpddwup b Gplwpwdwdybin opwjhtu wuyunwugnipjwu
wwwhnydwut ninnywd nwqdwywnpnigniuubiph dowydwup:

Pwbugh pwnbp’ fudbnt gpwihu  nbunipuubp, nwqdwywpwlwt  Yunwdwpnud,

22wigqws oph wpiwnpniggniu, Yipdwjwlw thnthnfuniejniutitin, unnptipypjw gntip, opwijht
wuywnwugnipniu, uyntu qupgugnd, <wjwuinwu:

CTPATEITMYECKOE YIIPABJIEHUE PECYPCAMU IMUTBEBOM BO/IbI
APMEHUU: BAJJAHC MEXY U3MEHEHUEM KJIUMATA, IPOU3BOJCTBOM
BYTUJIMPOBAHHOM BO/AbI U JJOJIIOCPOYHO BOJHON
BE3OIMMACHOCTBIO

A.X. Mapkocsan?®, A.K. Apyrionsin?, JI.B. Tokmamkan®, I.A. Maptupocsin®
Y Apmancruii F'ocyoapemeennviii Dxonomuueckuti Ynueepcumem

2Hnemumym 600nwix npobiem u 2uopomexruxu um. axaod. .B.Ezuazaposa
SHayuonansuwiii nonumexnuueckuil ynusepcumem Apmenuu

ApMeHMs pacrojlaraeT 3HAYUTENIbHBIMHM 3allacaMM BBICOKOKAUYECTBEHHBIX PECYPCOB
IIATBEBOW BOJBI, BKJIKOYas IOA3EMHBIC BOJbI, POJHUKM M MHMHEPAIBHBIE BOJBI, KOTOPBIE
SABJSIIOTCA  OAHUM W3 BaXHEHIIUX IPUPOJHBIX, HKOJIOTUYECKHUX, D3KOHOMHMYECKHX U
CTpaTEernyecKrux pecypcoB CTpaHbl. BMecTe ¢ TeM pocT mpou3BOACTBA Oy TUIMPOBAHHOM BOJIBI,
M3MEHEHHE KJIMMaTa, yBEJIMYeHHe MOTPeOHOCTH B BOJHBIX pecypcax M HEoO0XOAMMOCThb
obecrieyeHus: JIOJITOCPOYHOM BOAHOM Oe30macHOCTH (OPMHUPYIOT HOBBIE BBI3OBBI IS
YCTOMYMBOIO YIIpaBJIEHUs dTUMHU pecypcamu. HecMoTps Ha TO 4yTo ApMEHHUS TpaIuLMOHHO
CUMTAETCs CTPaHOI, 60raToil BOIHBIMU PECYypCaMu, TOJATOCPOUHAs 00€CeUeHHOCTh MUTHEBON
BOJIOM HE MOJKET OLICHUBAaThCS HUCKIIOYUTEIBHO IO 00bEMY CYHIECTBYIOIIMX 3aIlacoB.
Crpareruueckoe yrpaBieHHE TPeOyeT KOMIUIEKCHOTO y4eTa KIMMaTHUECKHUX, SKOJIOTHUECKHUX,
SKOHOMMYECKUX U MHCTUTYLHOHAJIBHBIX ()aKTOPOB, BIMSIOMINX KaK Ha JOCTYITHOCTh, TaK U Ha
YCTOMYHMBOCTH BOJIHBIX PECYPCOB.

B nHacrosmeM nccineqoBaHuu IPEACTaBIeHa KOMIUIEKCHAS OLICHKA PECYPCOB ITUTHEBOU
BOABI APMEHHHU C aHAJIM30M B3aMMOCBA3E€H MEXKIy M3MEHEHHEM KIMMaTa, MPOU3BOJCTBOM
OyTHJIMPOBAHHOI BOJBI M JIOJITOCPOYHOM BOAHOI OezomacHocThio. MccnenoBanne OCHOBaHO
Ha 0UIHMATBHBIX CTATUCTUYECKUX JaHHBIX, THIPOJIOTHYECKOH HH(OpMAIMU, KIUMAaTHUYECKUX
[IOKA3aTesIX WM HOPMAaTHBHO-MHCTUTYLHMOHAIBHBIX  MaTepHAllaX, XapaKTEePU3YIOIIHUX
yOpaBlieHUE BOJHBIMH pecypcaMd U pa3BUTHE MPOU3BOJICTBA OYTHUIMPOBAHHOW BOJIBI.
BoinonHeH aHanu3 JUMHAMUKKA BOJ03a00pa, MPOM3BOACTBA OYTHWJIIMPOBAaHHOW  BOJBI,
WCIIOJIb30BAaHUS BOJHBIX PECYPCOB, a TAK)KE MOTEHIIMAIBHOTO BO3JIECUCTBHUS KIMMATHYECKUX
U3MEHEHUN Ha PECYPCHI IUTHEBOU BOJIBI.

Ha ocHOBe BBIBICHHBIX MpOOJIeM TNpeJIo)KeHAa HMHTEIPUPOBAHHAs CHUCTEMa
CTPATETHUECKOT0 YIMpaBJICHUS PEeCypcaMu MHUTHEBOM BOJbI, HAalpaBleHHAas Ha oOecredeHue
OamaHca MEXIy SKOHOMHUYECKMM pa3BUTHEM U JOJITOCPOYHBIM COXPAaHEHHEM BOJHBIX
pecypcoB. Ilpemnaraemslli MOAXOX OCHOBAaH HA IIPUHLMUIIAX YCTOMYMBOIO YIIPaBICHUS
MOA3CMHBIMU BOJAMH, aJaNTAallMd K MU3MEHEHHUIO KIMMAaTa, OXPaHbl MCTOYHHKOB IHUTHEBOU
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BOJIbI, COBEPIIEHCTBOBAHUSI CUCTEM MOHUTOPUHTA, 3((HEKTUBHOTO pacHpeesieHUs BOIHBIX
PECYpPCOB U MPUHATHS HAaydHO OOOCHOBAHHBIX YIpaBiICHUECKUX pemieHuid. [lomyueHHble
pe3yJIbTaThl MOTYT CIOCOOCTBOBATH COBEPIICHCTBOBAHWIO BOJHOW TOJUTHKA ApPMEHHH W
pa3paboTKe T0JITOCPOUHBIX CTPATErwii 00eCieYeH s BOAHOM 0€301MacHOCTH.

Kniouesvie cnosa. pecypcbl IIUTBEBOM BOABI, CTPATETMYECKOE YIIPaBJICHUE,
MPOU3BOJICTBO OyTUIMPOBAHHOM BOJBI, M3MEHEHUE KJIMMAaTa, IMOJ3EMHbIE BOJbI, BOIHAs
0€30MacHOCTb, YCTOWYMBOE yIpaBiIeHHE, APMEHHUS.
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