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Abstract

This study provides a comprehensive assessment of water use and water stress dynamics
in Armenia over the period 2011-2025. The analysis integrates climatic trends, sectoral water
use structure, and system efficiency to identify the key drivers of water stress. The results
indicate a significant increase in water withdrawal (+26%) alongside declining precipitation
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(—20%) and rising temperatures, demonstrating a clear decoupling between natural water
availability and demand.

At the same time, system inefficiencies remain substantial, with water losses accounting
for approximately 27-30% of total withdrawal, significantly reducing effective water
availability. Sectoral analysis reveals the increasing dominance of irrigation, reinforcing
demand-driven pressures on the water system.

The findings suggest that water stress in Armenia is primarily driven by management
inefficiencies and demand-side factors rather than absolute resource scarcity. Accordingly,
addressing water stress requires a transition toward improved efficiency, optimized water use,
and better management practices, while also considering supply-side measures.

Keywords: Water stress; water withdrawal; system losses; irrigation; climate change;
water management.

Introduction

Water scarcity has become one of the most critical global challenges of the 21st century,
affecting both environmental sustainability and socio-economic development. According to
UN-Water reports, more than 40% of the global population is already experiencing water stress
conditions, a figure projected to increase under ongoing climate change and population growth
pressures [1]. Contemporary research emphasizes that water stress is no longer solely
determined by physical resource availability, but is increasingly shaped by management
efficiency, infrastructure performance, and sectoral demand dynamics.

In semi-arid regions, climate change plays a significant role in intensifying water stress
through rising temperatures and increasing variability of precipitation. Studies have shown that
higher temperatures lead to increased evapotranspiration and irrigation demand, while declining
or erratic precipitation reduces natural water recharge. This dual effect has been widely
documented in regions such as Spain and Iran, where water scarcity is increasingly driven by
demand-side pressures rather than purely hydrological limitations [2, 3].

Armenia represents a typical semi-arid system characterized by strong seasonal
variability of water resources and high dependence on irrigation. Previous studies focusing on
water use structure in Armenia have highlighted the dominance of agricultural water demand
and the presence of significant system losses, particularly within irrigation networks. However,
these studies have primarily adopted descriptive approaches and have been limited to data up
to 2018, without integrating climatic variables or applying comprehensive modeling
frameworks [4].

Recent developments in water resource research suggest the need for integrated
approaches that combine physical, climatic, and management-related factors. In this context,
composite indices and model-based frameworks—such as integrated water resource
assessments—have been increasingly used to better capture the complexity of water stress
systems.

The present study builds upon previous empirical analyses by extending the temporal
scope to 2026 and introducing an integrated analytical framework that combines climate
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dynamics, system efficiency, and sectoral structure. In contrast to earlier descriptive studies,
this research adopts a model-based approach, incorporating regression analysis and efficiency
assessment to evaluate the drivers of water stress.

The study is conducted in Armenia, a landlocked country in the South Caucasus
characterized by complex topography and significant climatic variability. The country exhibits
features typical of semi-arid regions, including uneven spatial and seasonal distribution of
precipitation, high interannual variability, and increasing temperature trends.

Water resources in Armenia are primarily formed through precipitation, snowmelt, and
river runoff, with strong seasonal concentration during spring. The hydrological regime is
therefore highly sensitive to climatic fluctuations, particularly temperature increase and
precipitation decline. Agriculture, especially irrigation, represents the dominant water-
consuming sector, making the system particularly vulnerable to climate-induced variability.

The analysis is based on official national statistics and environmental monitoring data:
= Armstat — annual data on water withdrawal, water use, and sectoral distribution [5];
= National environmental monitoring systems — temperature and precipitation data.

The dataset integrates information from multiple sources to ensure consistency and
reliability. Where necessary, cross-validation between datasets was performed to minimize
discrepancies.

The compiled dataset covers the period 2011-2026 and includes the following variables
(Tab.1).

Table 1

Variable Unit Description
Water withdrawal | min m3 | Total volume of abstracted water
Water use min m3 | Effectively used water
Water losses min m3 | Difference between withdrawal and use
Sectoral shares % Irrigation, domestic, industry, aquaculture
Temperature °C Annual average temperature
Precipitation mm Annual total precipitation

Data processing involved several steps:
= Data consistency check — ensuring continuity across years;
= Handling missing values — linear interpolation applied where necessary;
= Unit standardization — all water volumes expressed in min ms;
= Derived variable computation — based on established hydrological relationships
To enable comparative analysis, selected variables were normalized and transformed
where appropriate.
The selected period (2011-2026) allows:
= extension of previous studies (limited to 2018);
= inclusion of recent climate trends;
= identification of long-term changes in water use and stress dynamics.
This extended dataset provides a robust basis for analyzing both structural changes and
emerging patterns in water resource management.
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Conflict Setting
The novelty of this study lies in extending the temporal coverage of water use analysis
in Armenia while integrating climatic variability, system efficiency, and sectoral dynamics into
a unified framework, which has not been addressed in previous research. The main objectives
of the study are:
= to analyze trends in water withdrawal and use (2011-2026),
= to assess the relationship between climate variables and water demand,
= to evaluate system efficiency and water losses,
» to identify the key drivers of water stress using an integrated framework.

Research Results

The methodological approach of this study combines descriptive statistics, regression
modeling, and efficiency assessment to evaluate the drivers of water stress. This integrated
approach is consistent with contemporary water resource studies emphasizing the interaction
between climate variability, water demand, and management performance [6, 7].

The framework is structured around three main components:
= water balance and loss analysis;
= climate—water interaction modeling;
= system efficiency and stress evaluation.

The analysis of the period 2011-2026 reveals a consistent increase in water withdrawal
in Armenia, rising from approximately 2438 min m3 in 2011 to 3080 min m3 in 2026,
representing an increase of approximately 26%. Water use follows a similar trend, increasing
from 1738 mIn m3 to 2160 mIn m?3 over the same period [5].

These trends confirm a steady growth in water demand, primarily driven by agricultural
expansion and increasing climatic pressure. Similar growth patterns have been reported in
previous national studies, although the present dataset extends these findings to more recent
years.

Over the study period, average temperature increased by approximately 2.6°C, while
annual precipitation declined by approximately 20%. Despite this decline in natural water input,
water withdrawal continued to increase. This indicates a strong decoupling between climatic
supply and water demand, suggesting that water use is increasingly driven by anthropogenic
factors rather than hydrological availability.

Official statistics estimate water losses at approximately 27-30% of total withdrawal.
However, actual system losses may be significantly higher in both irrigation and drinking water
supply systems. In the latter, the concept of Non-Revenue Water (NRW) encompasses both
physical losses (e.g., leakage and seepage) and commercial losses (e.g., metering inaccuracies
and unregistered consumption), and can reach substantial levels, particularly in systems
characterized by aging infrastructure and limited operational control. This suggests that reported
loss values may substantially underestimate the true extent of system inefficiencies and
associated resource losses.

Water stress in Armenia has intensified due to the combined effects of increasing
demand, declining precipitation, and persistent system inefficiencies.
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Temporal Trends in Water Withdrawal, Temperature, and Precipitation in Armenia (2011-2025)
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The sectoral analysis shows a clear increase in the share of irrigation, from
approximately 49% in 2011 to 63% in 2026. In contrast, domestic and industrial water use
remained relatively stable or declined slightly. The increasing dominance of irrigation
intensifies system vulnerability and reinforces demand-driven water stress patterns.

The water stress indicator (Withdrawal/Precipitation) increased significantly over the
study period, from approximately 4.2 in 2011 to 6.9 in 2025. This nearly twofold increase
reflects the combined effects of rising demand and declining natural supply.

Fig. 2 Impact of system
losses on effective water
availability in Armenia
(2011-2025), showing
that a significant portion
of withdrawn water is
not utilized productively
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Although water demand growth is partly driven by climatic and economic factors, it is
largely shaped by inefficient management practices that promote inefficient water use and
contribute to persistently high levels of system losses.

Conclusion

In the context of increasing globalization and growing instability in international
resource systems, water security is becoming a critical component of national resilience.
This study provides a comprehensive assessment of water use and water stress dynamics in
Armenia over the period 2011-2026, integrating climatic trends, sectoral structure, and system
efficiency into a unified analytical framework.

The results demonstrate a substantial increase in water withdrawal (+26%) alongside
declining precipitation (—20%) and rising temperatures, indicating a clear decoupling between
natural water availability and demand. At the same time, water losses remain persistently high,
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both in relative terms (27-30%) and in absolute volumes, significantly reducing effective water
availability.

A key finding of the study is that water stress in Armenia is not primarily driven by
absolute resource scarcity, but rather by structural inefficiencies and demand-side pressures.
The increasing dominance of irrigation and the persistence of system losses further amplify the
vulnerability of the water system under changing climatic conditions.

Water stress in Armenia should be understood as a management-driven and demand-
amplified phenomenon rather than a purely resource-limited condition.

Addressing water stress in Armenia does not necessarily require increasing water
resources, but rather improving the efficiency and management of existing systems.

Policy implications
Priority should be given to reducing physical and commercial water losses through:
= rehabilitation of aging infrastructure,
= implementation of leakage detection and control systems,
= improvement of metering and monitoring practices.
Given the dominant role of irrigation, significant gains can be achieved by:
= transitioning to efficient irrigation technologies (e.g., drip systems),
= optimizing irrigation scheduling based on climatic conditions,
= reducing conveyance losses in open canal systems.
Water management in Armenia should be primarily focused on improving water use
efficiency, while also considering opportunities to increase water supply.
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Pwtiuh pwnkp. 9pwjhu upnpbu, opwn, opwiht Ynpnwuwmubp nnngnud, Yhdwjwywu
thnthnfunieniu, opwjht Yunwywpnd

TEHAEHIOWHU BOAOIIOTPEBJIEHUA U JE®PUIINUTA BOAbI BAPMEHUHN
(2011-2025): AHAJIN3 TMHAMUKHU KIIUMATA, DOPPEKTUBHOCTHU
CUCTEMBLI 1 YIIPABJIEHUA PECYPCAMHU

B.O. Toxmamxsan!, A.X. Mapkocan?, I'.A. Maptupocsinl, A.K. ApyTionsin’

Unemumym sxonomuxu um. M. Komausna
2 Apmsanckuii 20¢y0apcmeenblil dKOHOMUYECKUll yHugepcumen

[IpencraBneH KOMIUJIEKCHBIN aHATN3 TUHAMUKHU BOJIOTIONB30BaHMS U BOAHOTO CTpecca B
Armenia 3a niepuoxa 2011-2025 rr. MccnenoBanne oObeIUHSICT KIMMAaTHYECKUE TEHICHITUH,
OTPaCJIEBYIO CTPYKTYPY BOAOMOTpeOsieHUs: U 3 (PEKTUBHOCTh CHCTEMBI C IENBIO0 BBISBICHUS
KJIIOYEBBIX (paKTOPOB (HOPMUPOBAHMS BOJHOTO CTpecca.
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Pe3ynbraThl MOKa3bIBaIOT 3HAYMTENBHBIM POCT Bojxo3abopa (+26%) Ha ¢oHe CHUKEHUS
ocagkoB (—20%) ¥ TOBBIINICHUS TEMIIEPATyphl, YTO CBHJIETEIBCTBYET O pa3pbiBE MEXIY
MPUPOAHON 00€CIeYeHHOCThI0 BOJOM U cmpocoMm. [Ipu 3ToM moTepu BOABI OCTArOTCS
BbICOKMMH (~27-30%), 4TO CylIeCTBEHHO CHIKaeT 3((EKTHUBHYIO JOCTYIHOCTb BOJHBIX
PECYpPCOB.

AHanu3 CTPYKTYypbl BOAOIIOJIb30BAHUS MOKA3bIBAET BO3PACTAIOILYIO POJIb OPOLICHMS,
YCWJIMBAIOILIETO JaBJI€HNUE HA BOJHYIO CUCTEMY.

[TosrydyeHHbIE pe3ynbTaThl CBUAETEILCTBYIOT O TOM, YTO BOAHBIN cTpecc B ApMeHUHU
00yCJIOBJIEH HE CTOJBKO AC(PHUIUTOM PECypCcOB, CKOJIBKO HEI(P(PEKTHBHBIM yIpaBICHHEM U
pOCTOM cripoca.

Knrwueswie cnosa: BOHHLIﬁ CTpPECC; BO,I[03860p; MOTCpHU BOJAbI; OPOIICHUC; UBMCHCHHUC
KJIMMaTa; yIpaBJICHUC BOAHBIMU PECYPCaMU.
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