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Under the conditions of climate change, efficient use and protection of natural
water resources are one of the key challenges in water resources management.
Armenia is one of the countries where the climate changes in recent decades are
evident. Historical records of air temperature in Armenia indicate a significant
upward trend over the past decades. The results of assessment of climate change
impact on water resources quantity and quality for the rivers in Armenia are
presented in this paper. The projections and discussion of climate change impact on
natural river flow were done using various methods and models. It was revealed,
that adequate adaptation measures need to be developed and embedded into the
national and regional water strategies and basin management plans to address the
adverse impacts of climate change in water resources in Armenia.
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Introduction. Around two billion people worldwide today do not have access
to safe drinking water, and approximately half of the world’s population experiences
severe water scarcity at least some months of the year [1]. These are expected to
increase, exacerbated by climate change and population growth. Water reserves
stored in glaciers and snowpack are projected to continue to decline, thus reducing
water availability during the hot and dry seasons of the year in meltwater-fed regions
that are currently home to more than one-sixth of the world’s population [2-3].
Exacerbating water scarcity due to climate change and population growth will put
pressure on the food supply chain, as most of the fresh water used, about 70 percent
on average, is used in agriculture [4].

Armenia is one of the countries where the climate changes in recent decades
are evident. Historical records of air temperature in Armenia indicate a significant
upward trend over the past decades [5]. Meteorological observations have been
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ongoing since 1929, and during various periods, the annual mean temperature
experienced notable increases: from 1929 to 1996, it rose by 0.4°C; from 1929 to
2007, by 0.85°C; from 1929 to 2012, by 1.03°C; and from 1929 to 2016, by 1.23°C
[6]. Particularly noteworthy is the rise in summer temperatures, which increased by
approximately 1.3°C from 1966 to 2016. The last 20 years have witnessed extremely
hot summers in Armenia, indicating a tendency toward a more continental climate
with significant seasonal temperature variations.

As for precipitation, observations reveal a decline in average annual rainfall.
Between 1935 and 1996, the average annual precipitation decreased by 6%, and from
1935 to 2016, it decreased by approximately 9%. Precipitation distribution across
Armenia exhibits irregular patterns. Over the same period (1935-2016), the climate
in the north, south, and central regions of the country became more arid, while the
Shirak plain, Lake Sevan basin, Aparan, and Hrazdan regions experienced an
increase in precipitation [7-10].

Climate change will inevitably influence not only quantity of water resources,
but also on its” quality, adding indirect “natural” pollution. At the result, it will lead
to total destruction of water reserves and be not able for water usage. Moreover, in
case of quantitative and qualitative changes of surface water (river, lakes, etc.), it
also will be started destroying water ecosystems [11-12].

Hydrometeorological disasters have become more frequent and intense.
Between 1975 and 2016, the total number of observed hazardous phenomena
increased by about 40 cases compared to the average from 1961 to 1990 (168 cases)
[13]. Hailstorms were most prevalent in the Shirak plain, while Tashir and ljevan
regions had the highest number of heavy rainfall incidents. Frosts are common in the
Ararat valley and foothill regions. Drought indices reveal an increase in the number
of days with strong and very strong droughts from 2000 to 2017, with 33 more days
compared to the 1961-1990 average (87 days). In recent years, the upper boundary
of the drought zone has expanded to include mountainous areas, with droughts
starting earlier [13].

Materials and Methods. The hydrogeological and hydrochemical measure-
ments were performed according to ISO and State standards [14, 15]. Monthly, the
water temperature and flow rate were measured in selected monitoring points [16].
The flow rate of the river was measured by the “flow—Cross—secional area” method [17].

In the water samples, we measured pH, BODS5, and concentrations of
dissolved oxygen and general ions. The salinity of water was calculated by the sum
of the general ions concentrations (calcium, manganese, potassium, sodium, sulfate,
chloride, hydrocarbonate) [15]. The total hardness of water was calculated as the
equivalent sum of calcium and manganese [15].

Results and Discussion. As for projections on future changes, according to
the latest results [18] obtained through METRAS model [19], the average annual
temperature in the territory of Armenia will increase by up to 1.6°C by 2040, by
3.3°C — by 2070 and by 4.7°C — by 2100 (relative to the baseline annual average
(5.5°C) for 1961-1990). As for atmospheric precipitation, these are projected to
decline by up to 2.7% by 2040, 5.4% — by 2070 and 8.3% — by 2100 (relative to the
baseline annual average (592 mm) for 1961-1990) (UNFCCC, 2020).
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Impact of Climate Change on the Water Resources in Armenia. There are
different studies on the impact of projected climatic changes on the water resources
in Armenia using various methods and models. The smallest decrease in annual total
river flow by 2100 for Armenia was calculated within the First National Commu-
nication (15-20%) (UNFCCC, 1998), the biggest decrease — in the latest study
(UNDP/GEF, 2020) — 39% according to the RCP8.5 scenario (IPCC, 2007) using
METRAS model (Fig. 1).
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Here, the results of the studies that used METRAS model have been analyzed
and summarized to create a comprehensive basin—level vulnerability map for
Armenia (Tab. 1).

As we can see in Fig. 2, the areas in Armenia that are most vulnerable to the
climate change are in the basins of rivers Debed, Hakhum, VVoghji, and Lake Sevan
basin.
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Fig. 2. Water Resources VVulnerability due to Climate Change, IPCC RCP8.5 Scenario,
METRAS Model (UNDP/GCF, 2020).
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Table 1
Vulnerability of Water Resources in Armenia due to the Climate Change
(IPCC RCP8.5 Scenario, METRAS Model)

BMA Basin/Watershed Area 2040 2070 2100
Akhuryan R. Sevjur 4.2 -9.3 -13.6
Akhuryan | R. Araks 126 | 261 | 378 |
Akhuryan | Lower flow of Akhuryan River 1.6 3.7 5
Akhuryan Middle flow of Akhuryan River -2.9 —6.2 -9.2
Akhuryan Upper flow of Akhuryan River -2.9 4.5 —6.2
Akhuryan R. Mantash (Karkachun) 0 0.1 0
Avraratyan R. Azat -1.81 —4.49 —7.02
Araratyan | R. Vedi —7.36 -14.3 -20.2
Araratyan R. Arpa —9.34 —20.2 —29.7

Hrazdan Lower flow of Hrazdan River -5.6 —12.2 -17.8

Hrazdan Middle flow of Hrazdan River —2.4 —5.2 —7.7
Upper flow

Hrazdan of Hrazdan River -3.8 -7.9 -11.9

Hrazdan Upper flow of Kasakh River -5.5 -8.7 -12

Hrazdan Middle and lower flows of Kasakh River —6.2 -13.5 -19.9

Hrazdan R. Marmarik -9.3 -19.7 —29

Northern R. Pambak —7.98 -18.5 -28

Northern R. Aghstev —2.38 -5.08 -8.35

Northern R. Tavush, Hakhindja -3.38 —6.58 -9.15

Northern R. Dzoraget -9.6 —29.6

Northern R. Debed -11.8 —24.5

Northern R. Getik -12.6

Northern R. Hakhum -29.1

Sevan Lake Sevan -12.3

Sevan R. Dzknaget, North-Western shore of Lake Sevan | —19.7

Sevan R. Gavaraget 0.38

Sevan R. Masrik —4.18

Sevan Eastern shore of Lake Sevan -13.1

Sevan Western and South-Western shore of Lake Sevan | —10.5

Sevan Southern shore of Lake Sevan -10.6

Sevan R. Karchaghbyur —12.3

Sevan R. Argichi -19.5
Southern | R. Vorotan
Southern R. Voghji
Southern R. Meghriget

From the values above we can conclude that Armenian water resources are
highly vulnerable to the climate change. These projections are being confirmed with
the negative changes we can see now, especially, in Lake Sevan basin and Ararat

Valley.

Impact of Climate Change on the Water Resources Quality in Armenia.
Climate is an important natural indirect factor in the formation of the chemical
composition of natural waters [12]. Thus, climate change brings not only obvious
hydrological changes, but also inevitably leads to change in hydrochemical content,
in particular, water mineralization regime. In Armenia, the climate change impact on
rivers water quality is more prominent in the relatively densely populated central and
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dry climate regions [3, 5, 11]. Accordingly, an evaluation of the trends in hydro-
chemical changes of the Hrazdan, Marmarik, Gegharot, Meghriget, Voghhi, Geghi,
Vorotan and Sisian rivers was carried out. Due to the high level of anthropogenic
pressure to the river, for climate change impact on rivers’ water quality, the reference
observation points were considered. The reference observation points were located
near the source of the rivers and far from any anthropogenic impacts.

The assessment of the climate change impact on the water quality of rivers
was carried out using the average multi-year values of river flow, mineralization and
oxygen regimes for 2007—2018 against with the periods 1960-1990 and 1980-1990
baseline periods [18].

The evaluation was carried out based on the multi-year monitoring data of the
Hydrometeorological and Monitoring Center SNCO of the Republic of Armenia [16,
18]. Differences in analytical methods used in the mentioned periods were also taken
into account [15]. The obtained results are given in Tab. 2.

Table 2

Deviations (%) of several hydrochemical parameters annual average concentrations in period of
2007-2018 against with 1980-1990 at the reference observation points of the rivers

c
o <
c > < i}
< 2 S = B 2 5 S
S < 3, 2 < 3 3 g
Hydrochemical T £ N o 3 < ) <
parameter g ¥ ok = 4 é > 8
IS s | & | & g g £ g
© IS S o 5 n o o
I ] > = o
=
Oxygen regime
Dissolved oxygen, 2.5 No 2.7 no 2.7 no no no
mg/L
BOD5, mg O/L 2.6 7.1 no no 45 no 9.6 4.3
Mineralization regime
Hardness, mg equ/L -3.4 No no no —20.4 no 11.0 no
Salinity, mg/L 1.2 78 | 9.0 | -5.1 -19.8 no 7.4 no
Sulfate ion, mg/L -8.4 -98 | 8.7 | -11.3 | -23.3 no 2.9 5.1
Hydrocarbon ion, mg/L no -6.6 |-10.1 | -3.1 -17.6 -15 9.5 —6.5
Chloride ion, mg/L no -82 |-13.6 | -14.0 | -21.8 -9.8 —-6.1 no
Calcium ion, mg/L no 4.1 no 9.2 -19.8 1.7 12.5 no
Magnesium ion, mg/L 5.6 -139 | 4.7 | -12.8 | 212 -15 7.3 4.8
sumofsodiumand =\ 453 | 457 | 435 | 167 | 215 | 56 | 85 | 25
potassium ions, mg/L

Assessment of the climate change impact on the rivers water quality showed
the clear correlation between the reduction in the natural flow and changes in the
hydrochemical content at the reference observation points. Over time, calcium
became dominant among the cations in the rivers’ water, as well as the hyrochemical
charachterization of waters changed from hydrocarbonate-sulfate-sodium-potassium
to pronounced hydrocarbonate-sulfate-calcium.
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Uncertainties in Hydrometeorological Monitoring Data and Modelling
Issues. Although there are different studies on climate change and its impacts in
Armenia, there are still data gaps in the meteorological and hydrological monitoring
system that do not allow to accurately assess the:

« trends in precipitation throughout the Republic;

« changes in the natural river flow, as well as the influence of water abstraction
on the change in the river flow;

« water and water and water—economic balance of river basins; and

o trends in the intensity of extreme hydrometeorological events (floods,
mudflows, drought, frostbite, etc.).

These gaps also lead to unreliable projections of the changes in climatic
elements.

Various hydrologic models are utilized to analyze the effects of climate
change on water resources. The primary challenge in running intricate hydrologic
models like WEAP or SWAT lies in their extensive data prerequisites. Notably, these
models demand not just hydro-meteorological parameters, but also encompass
hydrogeological aspects (such as infiltration coefficient, porosity, and deep flow),
soil composition, vegetation, and accurate water use data to yield dependable
modeling outcomes. Hence, it becomes imperative to conduct investigations focused
on pinpointing accessible data origins suitable for hydrological modeling. Through
these investigations’ outcomes, the priorities for enhancing the hydro-meteoro-
logical and hydrogeological monitoring networks, as well as for conducting research
on hydrogeology, soil, vegetation, and related data acquisition, will be delineated to
support effective hydrological modeling. In the last two decades, satellite remote
sensing data has become important data source in filling the ground monitoring gaps.
Combined with the artificial intelligence and machine learning, they have a huge
potential for modelling the complex physical processes such as global temperature
changes due to the greenhouse gas emissions and changes in hydrological cycle due
to the climate change. Even though the spatial and temporal resolution of remotely
sensed data often impede in achieving the appropriate modelling results small
territories, the quality satellite images is continuously increasing.

Research elements play a pivotal role in strategizing and executing adaptive
measures. The integration of eco-friendly techniques for wastewater treatment, the
utilization of multispectral drone imagery for precise agriculture, the substitution of
chemical pesticides with organic fertilizers, adoption of drip irrigation systems, early
warning setups for floods, and the implementation of circular irrigation concepts
collectively bolster the effectiveness of water sector adaptation endeavors. Education
stands as a critical enabler for enhancing the nation’s research capabilities. While
Armenian universities presently offer education in environmental sciences, a
significant step forward would involve incorporating coursework focused on climate
change into their academic programs in the coming years.

Identified Issues in Climate Change Adaptation in Water Sector. Despite the
implementation of various adaptation measures within the country, there are
instances where these measures prove ineffective in addressing the challenges posed
by climate change. A notable example pertains to the water sector, where the
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treatment of household and industrial wastewater remains a significant unresolved
issue within the existing measures.

Our analysis indicates that multiple projects funded by international donors,
aimed at enhancing climate change adaptation within Armenia's water sector (such
as reducing water losses, managing river flows, enhancing water quality, bolstering
water availability, and refining national and river basin water management), exist.
However, there is a notable deficiency in the extent to which climate change
adaptation is integrated into Armenia’s development planning process, especially
concerning the strategies related to the use of water resources. While a limited
number of pertinent documents (strategies and concepts for water use sector
development) touch upon the potential impact of climate change on water resources,
they fail to adequately consider the projected rise in water demand and the
heightened vulnerability of water resources attributable to anticipated climate
changes. In particular, the following gaps and shortcomings have been identified:

Agriculture:

» The measures listed in the sector development strategy and various concepts
are dedicated to mitigating the water stress in the country, rather than adaptation
measures. Thus, they do not consider the water availability changes and expected
water demand increase due to the forecasted climate change impact in the long-term
period.

« The national strategy and concepts for the development of the sector implies
improving water supply systems and reducing the volume of water losses, however,
in the measures and planning activities the potential changes in the irrigation lands
and irrigation water norms do not consider in order to be able to reliably estimate the
irrigation water demand and its possible change in the nearby future.

« In the Development Strategies for Marzes, it is briefly mentioned that the
reduction of precipitation and river flow and increase in natural disasters due to
climate change will lead to huge impact on the agricultural sector. However, in-
assessments on potential changes in hydrometeorological phenomena, water
balance, water supply and demand due to climate change impacts should be
conducted and considered during the development of adaptation programs on Marz
level.

« A strategic plan and concept on fish breeding sector development in the
Armenia have not been developed yet. Although Lake Sevan and the Ararat Valley
are most concerned with this issue, the only project is the “Lake Sevan Trout Reserve
Development and Fish breeding Development Program”. However, the program
does not address the vulnerability of Lake Sevan to climate change and no adaptation
measures are foreseen.

« The vulnerability of groundwater resources to climate change has not been
assessed in the Republic. Based on this gap, it is not possible to predict trends in the
volumes of water use from groundwater sources in fish farming and irrigation due to
climate change.

« During the permitting of the long-term use of surface water resources for
fish farming and irrigation, the potential vulnerability of river flow due to climate
change does not consider which will create risks for the effective development of the
agricultural sector. At the same time, it should be noted that the vulnerability of river
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flow to climate change in the short term is not immediately apparent (hydrological
cycles can be expressed over a couple of years, that is, the hydrological state of the
river with respect to the long-term average value and, possibly, the maximum or
minimum annual flow). As it is difficult to consider the impact of climate change
when granting short-term water use permits for irrigation and fish farming, mid-term
mechanisms for planning abstraction of volumes should be envisaged based on
thorough models and indicators.

Drinking Water Supply:

e The “Water Supply and Sanitation Strategy and Financing Plan for 2018—
2030” of Armenia is based on the studies carried out in 2014 and does not include
the further assessments of water resources changes provided in the National
Communications and river basin management plans. In addition, this main strategy
document does not consider the expected changes in the RA water balance by 2030
due to climate change, the water supply and demand by regions dependent on that,
the change in the water balance of the Republic, as well as the decreasing trend of
water yield of water sources due to climate changes.

« While in all regional programs and Marzes development strategies
mentioned that the improvement of the water supply and sanitation sector is a
priority, nevertheless there are a few if any, measures conducted or developed to
treat the household wastewater and re-use the treated one in other sectors. The sector
development strategies and concepts do not set the privileges and mechanisms for
the self-supply communities to promote the establishment of a local wastewater
treatment plant and secondary use of treated urban wastewater.

« Even in several Development Strategies for Marzes it is mentioned that the
changes in climatic conditions made impact on drinking water sources, however,
there is no assessment to understand the water capability of the water sources and
the trend of changes during a short-term and long-term period. In-depth assessments
on potential changes in hydrometeorological phenomena, water balance, water
supply and demand due to climate change impacts should be conducted and
considered during the development of adaptation programs on Marz level.

Hydropower Generation:

« Hydropower, being renewable and green source of energy, contributes to the
reduction of CO, emissions, HPPs also have negative impacts on the river aquatic
ecosystem. The main negative impact is the disturbance of environmental flow in a
certain part of the river that led to the deterioration of aguatic ecosystem and
biodiversity. Obviously, with the projected reduction of the river flow due to climate
change, this problem becomes more complicated. However, currently, water use
permits for HPP exploitation are given for up to 25 years.

e The Protocol Resolution Ne 8 as of 01.03.2018 “On Approval of Environ-
mental Impact Assessment Criteria for the Construction and Operation of Small
Hydro Power Plants” highlights the necessity of establishment of criteria for the
construction and operation of SHPPs in order to ensure the sustainability of river
ecosystems. However, the importance of the vulnerability assessment of the 69 river
flow due to the climate change in short-term, mid-term, and long-term perspectives
is not listed among those criteria.
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« In the Small Hydropower Plants Development Scheme (2010), hydroenergy
indicators for more than 100 HPPs have been analyzed, however, issues related to
the projected river flow reduction also not covered. For two of those 100 HPPs —
Shnogh and Meghri, there are also investment prefeasibility studies conducted. In
those studies, climate change adaptation issues have also not been discussed.

« In the Development Strategies for Marzes it is briefly discussed that the
reduction of river flow due to the climate change will also reduce the hydropower
potential of the rivers. However, more specific assessments should be conducted and
adaptation programs on Marz level should be developed. Under the CEPA, RA is
encouraged to approve a list of rivers prohibited for construction and operation of
small hydro power plants.

Construction of Water Reservoirs:

« As in the design of previously constructed reservoirs, nowadays, only the
hydrological elements of the river flow, including the fluvial alluvium (hard flow)
are calculated in the technical and economic documents to design and construction
of the reservoir. The adopted sector development strategy does not take into account
short and long-term trends in river flow and accumulation of the fluvial alluvium
(determine the dead volume of the reservoir) due to climate change.

« The national development strategy and concepts for construction of water
reservoirs in the country do not address the evaporation range at the water surface
and its further trend under climate change, thus, the future economic benefits of
reservoirs are not considered, as well.

« Although the regional programs and Marz development strategies mention
the high importance of the construction of the reservoir to develop the agriculture
sector, nevertheless, they do not assess and forecast the potential changes in
microclimate and its impact on the environment and biodiversity around the area of
reservoir construction.

General Recommendations for Further Studies and Overcoming the
Adaptation Issues. To improve the hydrometeorological data and models reliability,
the following steps needs to be taken:

« Extension of the hydrometeorological network through the establishment of
the new up-to-date observation stations (measuring flow velocity, water level,
precipitation, water and air temperature, snow depth and density) at the rivers’ flow
formation zones (at the altitudes of 2200-3000 m) in 14 major river basins in the
country defined by the RA National Water Program, 2006.

« Evaluate the gaps in the minimum input data for hydrological models and
analyze the options for filling those gaps.

« Select the hydrological models that will provide the most reliable results for
the territory of Armenia, taking into account the physical-geographical, socio-
economic conditions and availability of the input data for these models.

To strengthen the knowledge management and inter-institutional collabora-
tion, it is recommended to establish the center of excellence for water resources and
climate studies under the Ministry of Environment. The responsibilities of this center
can include:

« Evaluation and recommendation of the climate and hydrologic models for
future studies;
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« Evaluation and approval of the National Communications of Armenia to
UNFCCC,;

« Determining and analyzing data gaps and define necessary data for
hydrological modeling (hydrometeorological data, water use data, hydrogeology,
topography, soil composition, vegetation, land use).

The center should also be responsible for finding the ways to cooperate with
IPCC and other international organizations such as UNESCO and WCRP for
transferring the best practices in climate models downscaling and water resources
vulnerability assessment for the regions with conditions similar to Armenia.

Conclusion. To address the adverse impacts of climate change in the water
sector, adequate adaptation measures need to be developed and embedded into the
national and regional water strategies and basin management plans. These measures
include, but not limited to:

e setting up domestic and industrial wastewater discharge and treatment
standards to promote water reuse;

« determining the quantitative norms of irrigation water for different crops,
taking into account the climatic conditions and climate change trends;

« setting up irrigation water quality standards;

« assessment of the safety risks of the dams considering the flood
intensification with the climate change, evaluation of possible microclimatic changes
in the reservoir construction zones;

o calculation of the environmental flow for reservoirs with a new
methodology, considering the predicted changes in the river flow under the climate
change impacts;

« increasing the level of awareness and environmental education on climate
change at all levels.

Received 18.10.2023
Reviewed 03.11.2023
Accepted 15.12.2023

REFERENCES

=

UN. The Sustainable Development Goals Report (2022).

2. IPCC, Climate Change 2001: The Scientific Basis. Contribution of Working Group | to the Third
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC). Chap. 13 (2001).

3. Margaryan L.A. Assessment of the Climate Change Impact on the Quality and Quantity of
Drinking Water Sources in Armenia. Rus. J. General Chem. 87 (2017), 3160-3165.
https://doi.org/10.1134/s1070363217130096

4. FAO, Water for Sustainable Food and Agriculture. A Report Produced for the G20 Presidency of
Germany. Rome (2017).

5. Vulnerability of Water Resources in the Republic of Armenia under Climate Change. Climate
Change Information Center, Ministry of Nature Protection. Yerevan (2009), 26.

6. Sargsyan V.H., Gevorgyan N.G., Arakelyan A.A. Methodology for Projection of Environmental
Flow of Mountainous Rivers. NUACA Bulletin 4 (2016), 7-12.

7. The Vulnerability Assessment of Water Resources of the Republic of Armenia under the Climate

Change. UNDP/GEF Project, Development of Armenia’s Fourth National Communication to the

UNFCCC and Second Biennial Update Report. Yerevan (2020).


https://doi.org/10.1007/s10040-021-%2002390-4

Proceedings of the YSU. Geology and Geography, 2023, 57(3), p. 141-152. 151

8. Development of Water Sector Adaptation Plan in Armenia. UNDP/GCF National Adaptation Plan
to Advance Medium and Long-Term Adaptation Planning in Armenia Project (2021).

9. Misakyan A.E., Arakelyan A.A., et al.Vulnerability Assessment of Maximum Water Discharges
of Aghstev River in the Context of Climate Change. Proc. of YSU. Geol. and Geogr. Sci. 56 (2022),
25-36.
https://doi.org/10.46991/PYSU:C/2022.56.1.025

10. Schubert M., Michelsen N., et al. Age and Origin of Groundwater Resources in the Ararat
Valley, Armenia: a Baseline Study Applying Hydrogeochemistry and Environmental Tracers.
Hydrogeology Journal 29 (2021), 2517-2527.
https://doi.org/10.1007/s10040-021-02390-4

11. Margaryan L., Melkonyan H., Pirumyan G. New Approach for Climate Change Impact Assessment
on Hydrochemical and Hydrological Regimes of Rivers. J. Ecol. Chem. 23 (2014), 202-212.

12. Pirumyan G.P., Simonyan G.S., Margaryan L.A. Geoecological Evaluational Integrating Index of
Natural Waters and other Systems. Yerevan, Copy Print LTD (2019), 244.

13. UNFCCC, Armenia’s Fourth National Communication on Climate Change (2020).

14. 1SO 5667-1:2006, Water Quality-Sampling, Part 1: Guidance on the Design of Sampling
Programs and Sampling Techniques (2006), 31.

15. Fomin G.S. Water, Control of Chemical, Bacterial and Radiation Safety According to International
Standards. Moscow, Encyclopedic Reference Book (2000), 370.

16. Water Quality and Quantity Sampling Points in Armenia: Ministry of Natural Protection of the
Republic of Armenia. Yerevan, Hydrometeorology and Monitoring Service of Armenia (2003).

17. Voskanyan A.E., Sargsyan B.H. Hydrology and Hydrometry. Yerevan (1995), 359.

18. Annaul Report Books (Hydrometeorological and Hydrochemical) of Hydrometerology and
Monitoring State Service of Armenia (1969-2018).

19. https://www.mi.uni-hamburg.de/en/arbeitsgruppen/memi/modelle/metras.html

u. U. UNULEL3UY, L U. UUrqauraudv

<U3UUSULNFU QrU3hL N6UNFLAULELh <UUUNMULrOUY
HUAUJULUUS b rhrovee ALNAUL UWLhUU3UUUL B Q0h
AGLUFUUR <UUUSELUSNEU

Udthnthnid

Yhdwyh thnthnpunipyjul hwiwntipunnid pliajut opuyhtt nbuniputiiph
wpnnibwybin ogunnugnpdnidlt ni wupwmuwuwbnieniip spuyhlt ntunipulitiph
Junwyjuwpiwd wnwbgpuyhtt juinhpbtiphg Gh: <uyjwunwbd wyh Gpypbtiphg L,
nputin Jhduwywub hnthnpunigyniabtp wythuynm Gt Yytpehtt muwubuwdyuyy-
titiph ppugpnid: << onh ghipdwumpbwdh Ypuptpyuy wyundwub njubbkpp
YJuynud L tipphtt mwubwdyuljutipnh pppwugpnid qquh weh dhunnidh dwuhi:
<nnjuonid itipuyugyud G <uyuwunmwbh ghimbiph opph puwtiuyh bk npuajh Yypw
Uihdwyh thnthnpunipyud wgntignipyubt gwhwundiwd wipnynibpbtpp: Qtnbtph
pwjub hnuph Ypw Yihduwgh thnthnpunipjub wgntgnipjut juijuumbtiunid-
ttipp b phbwpnudtitipnt hpuwjubugyty G mupptp dbennbtph L dnnbidtph
Yhpundwdp: Mwpqyty £, np hwpjudnp Eduytp hwdwgumuwupowt hwpdwp-
Unnujub dhgngunniditip b npwbp dtipunt] wqgquyhtt b mwpuwdwpewtiughb
onuyht nuquujuwpnipnibitipnid b wjuquitiwyht junuwgupdwd wyubbbpnog
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nnnjuo  <wjuunwith opuyhtt ntiunipubiiph ypu Yihdugh  thnthnjunipjub
puguuuub wgntignignibbtinh dtndwbn:

A. A. APAKEJISIH, JI. A. MAPT'APSIH

IMTPOBJIEMbI MHTEI'PUPOBAHHOI'O YIIPABJIEHMA BOJHBIMU
PECYPCAMU B APMEHUU B KOHTEKCTE TI'JIOBAJIBHOI'O
KIIMMATHUYECKOI'O N1 BOJHOI'O KPU3UCA

Pe3ome

B ycnoBusix mameneHus: knumara 3((ekTUBHOE HCIOIB30BAHME M OXpaHa
MIPUPOJIHBIX BOJHBIX PECYPCOB SIBIISIFOTCS OJHOM M3 KIIOUYEBBIX 3a/1a4 YIPaBICHUS
BOJHBIMHM pecypcaMH. ApPMEHHUs SBISETCA ONHOM M3 CTpaH, I'le KIMMAaTHYECKHE
WU3MEHEHUS OCIEIHNX AECATWIECTUI OueBUAHBI. ICTOpHUYECKHE JaHHBIE O TEMIIEpa-
Type Bo3/yXa B ApMEHUH YKa3bIBaIOT HA 3HAUYUTENBHYIO TEHCHIIUIO K €€ MOBBIIIIe-
HUIO 3a TOCJelHue JeciaTuieTHs. B cTaTbe mpejicTaBieHBl pe3yNbTaThl OLEHKU
BIMSHMS M3MEHEHHs KJIMMaTa Ha KOJMYECTBO M KadyecTBO BOABI PeK ApMEHUM.
ITporHo3s! 1 00CyXeHNE BIMSHUS U3MEHEHHS KIIMMAaTa Ha €CTECTBEHHBIN peuHON
CTOK ITPOBOAMITUCH C MCTIOJIb30BAaHUEM Pa3IMYHBIX METOJIOB U Mojienel. BrisBieHo,
YTO HEOOXOIUMO pa3paboTaTh aJeKBaTHBIE MEPHI 110 aJaNTAalUU U BKIIOYUTH UX B
HAI[MOHAIBHBIE W PErHOHAJIBHBIE BOJHBIE CTPaTeTMH U IUIAHBI YIPABICHUS
OacceliHaM¥ JUIg YCTpaHEHHs HeOIaronprUsaTHOTO BO3/IEHCTBUS N3MEHEHHUS KiInMaTa
Ha BOJIHBIE PECYpPCHl B ApMEHHUH.



