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Complex Assessment of Climate Change Impact on Water Resources 
in Marmarik River Basin, Republic of Armenia 

 
 

1. Objective of the study 

Climate change is one of the greatest challenges facing the world’s environment, society and 
economy today. Climate change impacts can already be seen across the globe and Armenia will not 
be immune. 

The study of Economic Impact of Climate Change in Armenia, via precise economic 
analysis, will demonstrate that climate change is of critical importance to the short-, medium- and 
long-term development priorities of Armenia. To that end, the study will produce a nationally-
owned and credible analysis on the impact of climate change on the economy as a whole and on 
selected sectors important for national development.  

Taking into account the water resources vulnerability in Armenia, the objective of the 
current task is to focus on Marmarik river catchment basin in Armenia to assess water resources 
vulnerability and to substantiate the proposed adaptation measures via an economic assessment.   

Selection of the pilot river basin is based on the following principles/criteria: availability of 
series (long period) of systematic observations and existence of all major water use activities in the 
basin (drinking water, irrigation, industry, hydro-energy, recreation etc.), and the water basin has to 
be representative for the Republic in terms of hydrologic and climatic characteristics.  

 
2. Hydrological study and morphological characteristics of Marmarik River basin 

Marmarik River catchment basin is locked in intermountain depression between 
Tsaghkunyats and Pambak mountains; the depression’s average altitude is 2300 m above sea level. 

 
Fugure 1. Location of Marmarik river basin in Armenia 

 
The basin’s relief is typical mountainous with very fractioned valleys and gorges. 
This catchment basin is dominated with impervious rocks.  
About 12 per cent (50 sq.km) of the basin’s area is covered with forest where big-anther oak 

and Caucasian hornbeam dominate. 
Marmarik River is the biggest tributary to Hrazdan River. The river’s length is 37 km and its 

catchment basin’s area is 427 sq.km. The river head locates in Tsaghkunyats mountain chain at an 
altitude of 2520 m above sea level. The river’s tributaries are Gomur, Erkarget and Ulashik rivers.    
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Marmarik River feeds on melting snow (55%), rain (18%) and underground waters (27%).  
Hydrological observations in Marmarik River basin are performed since 1930s by 

“ArmHydroMet” SNCO. Total number of hydrological observation points is 6 with 3 closed in 
different years. 

 

3. Quality of water 

Quality of water in Marmarik River is monitored since 1986 by “Environmental Effect 
Monitoring Center” SNCO. At present, samples for checking water quality are taken at 2 points: at 
the River’s head and at its mouth. Current studies of the water’s quality show that waters of 
Marmarik River are medium hard. Concentration of dredge particles is low and does not exceed the 
allowed limits. No essential changes are registered according to the water quality from the River’s 
head to its mouth. Oxygen regime of the River was within the defined norms in the last 20 years. 
Organic pollutants level in the River’s waters is low while the River is of high self-purification 
potential. Values of almost all hydro-chemical indicators (except for V, Mn and Al) are within 
ambient water standards for norms for fishery enterprises. Further, it must be taken into account that 
due to reduction in water resources and projected growth in air temperature, the quality of water 
will decline.    
 

4. Water use in Marmarik River basin 

Waters of Marmarik River basin are mainly used for irrigation, hydro energy, municipal and 
sanitary service and industrial purposes.  

As of 2007, about 3.4 million cubic m water intake is made in Marmarik River basin for 
irrigation, about 3.6 million cubic m – as drinking water and for municipal and sanitary services, 
about 4.7 million cubic m – for industrial needs and 38.4 million cubic m – for hydro energy 
purposes. 

In fact, annual amount of water intake in Marmarik River basin for general purposes makes 
about 32.3 per cents of the River’s annual flow, while the rest is in free flow, 111 million cubic m 
per annum, and ecological flow 6.3 million cubic m (fig. 3).  

 

Free flow, 
67.7

Municipal 
and sanitary 
service, 1.3Energy 
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flow, 3.8

Industry and 
other sectors, 

1.7

Irrigation, 2.1

 
Figure 2. Water use in Marmarik River basin by sectors 
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Figure 3. Total annual water intake in Marmarik River basin 

 

5. Assessment of changes in meteorological elements in Marmarik river basin  

 Changes (%) in average annual air temperature in Marmarik River basin in 1991-2007 
compared to the baseline, 1961-1990, grew by 0.50C and multiyear average value reached 6.00C 
(Table 1). Comparing the seasons, the minimal growth of air temperature over the baseline is 
observed in spring and maximal – in summer (Table 1). Although within this period growth in 
atmospheric precipitation is observed, the flow declines due to more intensive evaporation.  
 
Table 1. Average air temperature (0C) changes in Marmarik River basin in 1991-2007 as compared to 

baseline (1961-1990) by seasons and annually 
Winter Spring Summer Autumn Annual Time period F ∆ F ∆ F ∆ F ∆ F ∆ 

1961-1990 -6.0 4.8 15.9 7.3 5.5 
1991-2007 -5.6 0.4 5.1 0.3 16.6 0.7 7.8 0.5 6.0 0.5 

F - multiyear average value, ∆ - difference 
 
Total precipitation in 1991-2007 period compared to baseline, 1961-1990, showed average 

annual growth by 18 mm and reached 711 mm.  
 

6. Assessment of changes in hydrological regime of Marmarik River basin 

To assess changes in actual river flow in Marmarik River basin in 1991-2007, multiyear 
observation data on river flows collected in Marmarik-Aghavnadzor, Marmarik-Hankavan and 
Gomur-Meghradzor hydrological observation points were used. 

 
Table 2. Changes in actual river flow in Marmarik River basin in 1991-2007 compared to the baseline (1961-

1990) 
Anomalies of river flow River-Observation point Year/Season
million cubic m % 

Year -3.682 -2.35 
I-III -0.65 -5.67 

IV-VI -1.93 -1.64 
VII-IX -0.15 -0.86 

Marmarik-Aghavnadzor  

X-XII -0.18 -1.73 
Marmarik-Hankavan Year 0.38 0.70 
Gomur-Meghradzor Year -0.80 -1.77 
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In its formation area and in its upstream, Marmarik River’s flow almost is not affected by 
anthropogenic impact (human economic activity) and thus the flow may be considered natural. The 
analysis shows, that, according to data collected at Hankavan hydrological observations point, 
Marmarik River upstream flow is almost unchanged in 1991-2007 compared to the baseline; in the 
rest of the stream, decrease in river flow is registered (see table 2 and figure 2).  

 

 
 

Figure 4. Map of changes (%) in actual water flow in Marmarik River in 1991-2007 
 
7. Water and water industry balances of Marmarik River basin 

To compile water balance of Marmarik River basin, Q = X –E formula was used, where X 
stands for average precipitation in the basin, E - evaporation and Q - river flow. 

Evaporation was estimated according to formula by V.P.Valesyan: 
E = Egraph [1+ 0.07(Vi - Vaverage)] Haverage / Hi, 

where  
E stands for estimated average of total monthly evaporation, in mm, 
Egraph  - total evaporation, defined by graphic curve (see the full version of the report) 
Vi  - average wind speed in month i, 
Vaverage  - average monthly wind speed for averaged conditions in the RA territory; the 

author proposed 3.3 meters per second  
Haverage  - average atmospheric pressure in the RA territory, at 605 mm mercury, 
Hi  - average atmospheric pressure in river basin i. 
 

 



“Enabling Activities for the Preparation of Armenia’s Second National Communication to the UNFCCC” 
UNDP/GEF/00035196 

6

M
on

th
ly

 p
re

ci
pi

ta
tio

n,
 m

m
 

 tatm, 0C
Figure 5. Evaporation estimation graph proposed by V.P.Valesyan 

 
According to the formula above, water balance of Marmarik River basin in 1991-2007 was 

estimated using the following values: precipitation of 306 million cubic m (717 mm), evaporation of 
142 million cubic m (333 mm), and river flow of 164 million cubic m (384 mm) with surface flow 
of 120 million cubic m and underground flow of 44 million cubic m. 

Water industry balance of Marmarik River basin was calculated up to the River’s mouth.  
Water industry balance consists of inflow and outflow sides. Outflow side contains demand, 

D, water intake and water supply from the River or the basin’s other water sources. Inflow side 
contains water supply, S, taking into account the River’s natural flow, and return waters, R, based 
on climate change vulnerability, water intake and water supply. Water industry balance is as 
follows: B=S+R-D, where B stands for difference between inflow and outflow.  

Outflow side of the balance contains water intake elements and return flows that were 
calculated in per cents according to relevant norms.  

Currently, water industry balance of Marmarik River basin is as follows: outflow or demand 
for water amounts to 46.6 million cubic m, inflow or supply of water amounts to 198.1 million 
cubic m, and their difference is 151.6 million cubic m. This shows that currently Marmarik River 
basin enjoys a certain excess of water. On the other hand, annual excess of water is not distributed 
evenly by seasons and there is water deficit in water intake season. 

 

8. Assessment of climate change impact on water resources in Marmarik River basin for 
2030, 2070 and 2100  

To assess vulnerability of Marmarik River basin water resources, regional PRECIS model 
for atmospheric circulation according to A2 emissions scenario, statistical or regression model, and 
model created with ArcGIS software application were used. Via above mentioned models the extent 
of Marmarik River basin water resources vulnerability to climate change was analyzed, assessed 
and mapped for 2030, 2070 and 2100 (see Table 3 and Figure 6). 
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Table 3. Assessment of annual water flow vulnerability in Marmarik river basin for 2030, 2070 and 2100  
Change in flow River-

Observation 
point 

Scenarios Flow, million 
cubic m million cubic m % 

Timelines 

Baseline* 152.05    
T+1.4, 0.91Q 117.87 -34.18 -22.5 2030 
T+3.2, 0.82Q 77.65 -74.40 -48.9 2070 

Marmarik-
Aghavnadzor 

T+5.0, 0.75Q 40.35 -113.70 -73.5 2100 
Baseline* 53.43    

T+1.4, 0.91Q 44.94 -8.49 -15.9 2030 
T+3.2, 0.82Q 34.88 -18.54 -34.7 2070 

 
Marmarik-
Hankavan 

T+5.0, 0.75Q 25.51 -27.92 -52.3 2100 
Baseline* 49.12    

T+1.4, 0.91Q 39.64 -9.48 -19.3 2030 
T+3.2, 0.82Q 28.94 -20.18 -41.1 2070 

Gomur-
Meghradzor 

T+5.0, 0.75Q 19.39 -29.73 -60.5 2100 
* 1961-1990 
 

In Marmarik-Aghavnadzor observation point, river flow vulnerability level for 2030, 2070 
and 2100 was defined by seasons (Table 4). 
 
Table 4. Amount of seasonal decrease in river flow for Marmarik-Aghavnadzor observation point, million 

sq.m 
Timeframe Winter Spring Summer Fall Annual 
Baseline 9.6 91.5 39.7 11.2 152 
2030 2.0 21.0 9.0 2.0 34.0 
2070 4.0 44.8 19.8 5.4 74.0 
2100 6.9 67.7 29.8 8.6 113 

 

 
 

Figure 6 a. Map of changes in actual river flow in Marmarik River basin for a) 2030, b) 2070 and c) 2100, in 
per cents, according to IPCC A2 scenario. 

a 
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Figure 6 b and c. Map of changes in actual river flow in Marmarik River basin for a) 2030, b) 2070 and c) 
2100, in per cents, according to IPCC A2 scenario. 

 
Taking into account baseline (1961-1990) amounts of snow precipitation, projections of 

expected change in those in Marmarik River basin were made for 2030, 2070 and 2100. Thus, 
according to estimation scenarios, decrease was projected for the basin as follows: 7 per cent (24 
mm) in 2030, 21 per cent (45 mm) in 2070 and 30 per cent (64 mm) in 2100. 

 

c 

b 
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9. Change in water and water industry balances  

Assessment of changes in Marmarik River basin according to IPCC climate change 
scenarios for 2030, 2070 and 2100 shows decrease in amount of precipitation by 176 mm or 24.5 
per cents, and by 282 mm or 73.5 per cents – in river flow. Due to air temperature increase, 
evaporation will rise by 106 mm or 31.8 per cent (fig. 7) 

 
2100 

 
 

2070 
 
 

2030 
 
 

Baseline  
 Blue-River flow  Yellow-Evaporation  Green-Precipitation 

Figure 7. Water balance in Marmarik River basin at the River’s mouth according to climate change scenarios 
for 2030, 2070 and 2100 (million cubic m) 

 
Table 5. Water industry balance in Marmarik River basin, at the River’s mouth, million cubic m  
 Inflow (years)    Outflow (years)  
Elements of inflow/outflow 2007 2030 2070 2100  2007 2030 2070 2100 

River inflow 164 123.9 81.7 42.4  -- -- -- -- 
Water supply to settlements 1.05 2.60 2.80 3.30  2.10 3.47 3.80 4.40 
Water supply to rest sites 0.01 0.03 0.04 0.06  0.02 0.04 0.06 0.08 
Irrigation 0.84 1.01 - -  3.35 5.07 4.34 4.05 
Animal pond 0 0.01 0.01 0.02  0.04 0.06 0.08 0.10 
Gold mine of Meghradzor  0.28 0.43 0.55 0.80  0.29 0.45 0.60 0.90 
Small HPPs 30.0 40.0 40.0 40.0  30.0 40.0 40.0 40.0 
Hrazdan ThPP 0.26 0.26 0.26 0.26  8.37 8.37 8.37 8.37 

R
et

ur
n 

flo
w

s 

§Mika¦ cement 1.69 4.22 4.22 4.22  2.41 6.02 6.02 6.02 
Total 198.13 172.46 129.58 91.06  46.58 63.48 63.27 63.92 
Difference between inflow and 
outflow 151.6 108.9 66.3 27.1 

     

 
At the same time, due to increase in population, use of recreation resources, irrigated lands 

and industries demand for water in the basin will grow from 46.6 million cubic m to 64 million 
cubic m while supply will decrease from 198 million cubic m to 91 million cubic m in 2100. As a 
result, difference between water supply and water demand will reach 27 million cubic m annually 
(table 5), that will make water shortage more severe in summer period. 

 

10. Economic consequences of climate change impact on water resources in Marmarik 
River basin  

At present waters of Marmarik River are mainly used for municipal and sanitary purposes as 
well as for irrigation, recreation and industries, including electricity generation at Hrazdan ThPP 
and cement production at “Mika-Cement” CJSC. 

However we must stress that Marmarik River basin waters’ use is not efficient, because the 
flow is not regulated and water users cannot enhance production capacity of the irrigated lands. This 
issue will be partially sold after the start up of the Marmarik reservoir exploitation that is envisaged 
soon. According to design estimations, the reservoir’s useful capacity will be 23.0 million cubic m; 
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this amount of water will allow to increase irrigated lands area by 940 ha in Meghradzor, 
Aghavnadzor, Marmarik and Pyunik villages.  

Natural and climatic conditions of Marmarik River basin allow cultivating a limited number 
of crops: wheat, late-ripening potato, vegetables in small quantities (e.g. cabbage) and forage crops. 
Among perennial plants, fruit-trees are common, including seminal and drupaceous trees.  

Mining and tourism are not of crucial importance for water resources at present, taking into 
consideration their low development potential. Although “Mika-Cement” CJSC that uses Marmarik 
Rivers’ waters will in perspective increase its production and thus water use 2.5 times, its influence 
on water resources is not crucial either. Small HPPs do not crease problems because they return the 
used water in full. In Marmarik River basin, small HPPs are and are being constructed as they are 
presumed to be of a certain development perspective. However, vulnerability of water resources 
must be taken into account in long-term planning. Further, we must take into account that norms of 
minimal ecologic flow are under revision at present.  

As for Hrazdan ThPP, where exploitation of a new 5th block is planned (one condensate 
aggregate of 300 MW and one gas-turbine aggregate of 160 MW power), its water supply is 
envisaged to be provided from Hrazdan River.  

 

11. Assessment of financial and economical losses of water users and water sector due to 
climate change impacts 

As agriculture is the most sensitive sector in water supply vulnerability aspect, the relevant 
estimations of economic impact of climate change were performed using crop productivity, cattle 
breeding productivity and those products’ market prices. Crops productivity and aggregate product 
vulnerability for communities using Marmarik River basin’s irrigated lands are provided in market 
prices both for current and mid-term period (for consequent 20-25 years). The estimations show that 
crops productivity and aggregate product vulnerability in Marmarik River basin’s irrigated lands 
amounted to 346.0 million AMD in 1991-2007. For mid-term, that is, for the consequent 20-25 
years, vulnerability will amount to 797 million AMD.   

Here share of water use costs in the costs or prime cost structure of different crops amounts 
to 15-20 per cents according to long-term data. Naturally, prime cost of agricultural crops will grow 
with the increase in water demand due to climate change that will negatively affect competitive 
ability of agricultural produce.  

 
12. Water resources deficit and approaches to deficit distribution  

Water resources deficit due to climate change should be estimated taking into account both 
vulnerability and change in water use in the context of economic development with and without 
climate change. 

Conflict of interest among principal water users and adaptation measures are most 
identifiable in water deficit distribution. To substantiate and perform an optimal distribution of 
deficit, an economic projection is essential, and at first conceptual approximation, the distribution 
may be performed first and foremost with prioritized water use regulation and taking into account 
specificity of social and economic development and of water use technologies.  

It should be taken into account that, to satisfy demand for drinking and sanitation and 
irrigation water, necessary measures must be implemented immediately in the basin, while deficit 
attributed to hydro energy may be supplemented feeding electricity generation from other sources, 
including alternative ones.  
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13. Assessment concept for irrigation water actual deficit  

After providing continuous water supply a certain amount of surface waters will remain; that 
amount is excessive of average multiyear irrigation water demand, even in 2100 projection when 
under climate change impact water resources may reduce 2.7 times compared to baseline period 
(table 6).   

 
Table 6. Water resources decline in Marmarik River basin according to climate change projection scenarios 

in comparison to baseline year 2007  
Time period (year)  Elements of water industry balance (million cubic m) 2007 2030 2070 2100 

Natural flow of the river (basin; vulnerability accounted for) 164.0 123.9 81.7 42.4
Additional inflow due to return water flows 34.1 48.6 47.9 48.7
Total inflow by water balance  198.1 172.5 129.6 91.1
Total water use (outflow element of the balance)  46.6 63.5 63.3 63.9
Assets side of the balance (remainder) 151.5 108.9 66.3 27.1
Water resources decline 0.0 40.1 82.3 87.1

 
In such a case, demand for irrigation water may be satisfied if excessive flow (that involves 

return flows also) is regulated; this may also serve as a sample adaptation practice.   
To satisfy irrigation water demand, irrigation water deficit estimation method requires the 

within-year flow distribution schedule – to compare it with irrigation water demand schedule. 
To identify amount necessary for adaptation, river flow schedule should correspond to 

vulnerability due to climate change impact according to seasonal scenarios.   
 

14. Ecological and nature protection issues Marmarik River basin  

Marmarik River flow decline due to climate change will impact ecosystem and biodiversity 
of the basin. In Marmarik River’s waters, red-finned (in the upstream waters) and carp-class (in the 
middle and downstream waters) fish species are mainly observed; river flow decline will negatively 
affect forage reserve for these species and create unfavorable conditions for them. 

Illegal logging in the basin’s forests in recent years caused structural changes in natural 
reproduction of forests; this, in turn, caused intensification of soil erosion processes and weakening 
of water protection function of forests. 

To ensure rational use, protection and management of Marmarik River basin natural water 
resources and to protect nature in the basin, Hankavan hydrological reserve was established in 1981. 
However, the RA Law “On specially protected areas of nature” does not define and specify a 
regime for hydrological reserves. 

 

15. Recommendations on climate change adaptation measures for water resources in 
Marmarik River basin  

Recommended climate change adaptation measures for water resources in Marmarik River 
basin involve a number of directions. These include precise assessment of water reserves, legal, 
institutional and technical measures – all aimed at efficient use of water resources, water reserves 
conservation and decrease in loss of flow.  

 
Precise assessment of water reserves 

In two of three currently operational observation points in Marmarik River basin, water 
measurement equipment is obsolete that affects precision and quality of the data. To ensure 
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reliability of measurement and data management process, it is necessary to re-equip the 
hydrological observation points with modern equipment, preferably of automatic recording type. 

Currently, hydrological measurement and monitoring of glaciers, snow cover, water reserve 
in the snow, and mudflows is practically not performed in the RA territory, including Marmarik 
River basin. These result in lack of crucially important data for hydrometeorology, including factual 
account and prediction of emergency situations. The recommendation is to resume measurement 
and monitoring of mudflows, snow cover, water reserve in the snow, and other features of snow. 

As for underground water resources, monitoring of underground waters has not been 
performed in the RA territory, including Marmarik River basin, since 1993. Currently, archive data 
are in use; these do not reflect changes in underground reserves of water resources in the last 15 
years, including those due to climate change. It is necessary to resume monitoring of underground 
waters to acquire contemporary data on them and to assess their vulnerability to climate change.  

Finally, to approximate the real water flow (registered in the hydrological observation points 
in Marmarik River basin) to the natural one, methodology of Soviet period was used, while 
estimates of water amount in return flows are rough. It is necessary to perform detailed study to 
elaborate contemporary methods of approximating the real water flow to its natural flow; this will 
allow precise assessment of water amount in return flows used for drinking and sanitation, 
irrigation, and industry.   

 
Legal and organizational measures 

Taking into account vulnerability of water resources in Marmarik River basin due to climate 
change, a number of regulating measures are necessary for adaptation. Particularly, the following 
are recommended. 

− Elaborate regulations for long-term planning of water resources, account for climate 
change in water supply assessment,  

− Adjust legal status of “Marmarik hydrological reserve” to provisions of the RA Law “On 
specially protected areas of nature”, including level of protection and identification of 
approaches, 

− To ensure decrease in loss of flow in water supply and irrigation systems, elaborate 
economic and administrative incentives in regulations, 

− Initiate legislative amendments to provide incentive for water saving technologies 
introduction (e.g., drip irrigation), 

− Elaborate a legal act on identifying water use priorities according to prevalent sectors in 
water basin management planning. 

 
Institutional measures 

Agencies, that enforce monitoring of surface and underground water resources as well as 
water basin management and water use permissions, are of insufficient institutional capacities. 
Although a number of international assistance agencies provided some training in recent period, 
personnel of monitoring, managing and enforcing agencies need additional training in the fields of 
collection and management of hydro-meteorological data, projections, monitoring, enforcement, 
and control over the water use permission conditions observance. Due to low salary of the highly 
qualified personnel, additional risks arise in terms of water resources data precision and quality. 
Institutional strengthening of the above-mentioned agencies requires wide-scale measures. It is also 
recommended to strengthen water user organizations’ capacities to ensure development of irrigation 
systems and improve irrigation culture.    

 
Technical measures 

− Seasonal regulation of river flow via dam construction, 
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− Reduction of flow loss in water use for irrigation and drinking and sanitation via 
renovation of respective systems and conduits, 

− Accumulation of moisture (water) in irrigated fields via preservation of snow and 
snowmelt waters, 

− To accumulate moisture, sowing cultivated crops in early spring with deepening 
watering furrows for  moisture accumulation and using polyethylene cover,  

− In agriculture, replace crops of relatively high demand for water with drought-tolerant 
crops, 

− Implement relevant agrotechnics measures and irrigation types (drip-subsoil, squirt-
basin, micro-sprinkling, subsurface: porous tubes or mole’s). 

 
Additionally, certain adaptation measures may be implemented in Marmarik River basin that 

would allow efficient water use and moisture keeping practices, including reforestation and forest 
cover increase, saving water via its efficient (e.g., double) use. 

 

16. Notes on including climate change impact adaptation measures in water resources 
management plans  

The work performed allows making suggestions and conclusions of a more general nature 
on more comprehensive frames of mitigating the climate change’s negative impacts on river basins 
and their territorial systems: 

- Vulnerability of water resources should be estimated based not only on climatic conditions 
in an average year, but also on climatic conditions in years with different supply of resources (e.g. 
low-water years, projections etc.) as well as with different resource distribution within the year (e.g. 
seasons); 

- Climate change impact on water use sectors should be estimated applying not only water 
resources vulnerability value, but also water deficit amount due to climate change in the basin under 
consideration – based on water industry balances; 

- Choice of territory for estimations of climate change impacts (river basin or other big area) 
should inherit an opportunity for compiling mutually complying and comparable water and water 
industry balances;  

- In planning climate change adaptation measures as well as distribution of water resources 
in the periods of deficit, it is necessary to take into consideration water use priorities set forth by the 
RA legislation; 

- Climate change impact adaptation measures should be elaborated taking into consideration 
not only water resources vulnerability, but also economic feasibility of the measures proposed – 
based on technological features of the water use sector under consideration;  

- In assessing climate change impact on a water use sector, not only water use source 
vulnerability, but also climate change immediate impact on the sector itself should be accounted for, 

- In assessing economic losses due to climate change impact, not only quantitative 
vulnerability of water resources (deficit), but also immediate and mediated impact on water quality 
should be taken into account;  

- Envisaging (planning) and implementation of adaptation measures may be performed only 
with a complex approach, that is, involving local and a number of other basins or even for the 
country as a whole – taking into consideration water policy, strategy, legislation and sustainable 
economic development plans of Armenia.  
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