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EXECUTIVE SUMMARY
Background
The Ararat Valley constitutes a highly strategic reserve of quality groundwater resources in Armenia.
However, since 2007 groundwater abstraction in the Valley has exceeded legally approved levels set by
the Republic of Armenia Law on National Water Program1, leading to several negative impacts in the
region. In response, the Government of Armenia (GOAM), with the support of development partners,
began implementing various measures to improve groundwater resource management. The Advanced
Science and Partnerships for Integrated Resource Development (ASPIRED) Project funded by the United
States Agency for International Development (USAID) and implemented by ME&A, Inc. (ME&A), supports
GOAM in sustainable water resource management and water use practices in the Ararat Valley through
science, technology, innovation, and partnership initiatives. It aims to reduce extraction of groundwater
resources to sustainable levels.
This report presents ASPIRED’s findings on water availability in the Ararat Valley (water balance) and its
correlation with demand by various water use sectors (water supply and demand balance). It provides
the calculated values of groundwater reserves (storage) and of natural groundwater resources recharging
the groundwater basin and recommends a sustainable rate of groundwater use based on 2016 data. The
report also summarizes the results of climate change impact on surface water availability in the Ararat Valley
and projected stresses. Finally, it provides recommendations to inform GOAM’s adoption and implementation
of new policies for effective, sustainable allocation and management of groundwater resources in the Ararat
Valley and conclusions.

Findings
The total natural groundwater reserves (storage) in the Ararat Valley are about 2,958.71 million m3,
of which 1,442․13 million m3 are in the unconfined aquifer, 526.70 million m3 in the first confined
aquifer, and 989.88 million m3 in the second confined aquifer.
In 2016, the recharge rate of Ararat Valley aquifers was estimated 47.26 m3/second, equivalent to the
annual recharge of 1,490.55 million m3.
The value of total usable groundwater resources in the Ararat Valley for 2016 was about 926.73 million
m3, equivalent to 29.39 m3/s.
The estimated values of the Ararat Valley 2016 water supply and demand balance components
demonstrate a significant water deficit in the study area due to intensive human activity in the Ararat
Valley and its catchment area. The negative difference between water availability and water demand in
the Ararat Valley for 2016 amounted to 1,120.46 million m3.
According to 2016 field inventory data, the actual volume of groundwater abstraction in the Ararat Valley
for various purposes was 1,608.07 million m3, where 809.0 million m3 (50 percent) was accounted
for by fish farming alone. The annual value of sustainable groundwater use for the same period was
estimated at 926.73 million m3. The estimated overuse of groundwater resources in the Ararat Valley
in 2016 was 681.34 million m3.
1

Republic of Armenia Law on National Water Program sets 1.1 billion m3 as the renewable groundwater resources
in the Ararat Valley – part of usable water resources in Armenia. This volume is based on the last assessment of
groundwater reserves and usable groundwater resources in the Ararat Valley groundwater basin conducted in 1983,
and the annual volume of groundwater abstraction in the Ararat Valley by wells as approved by the State
Commission on Reserves in 1984.
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Recommendations
Reduce the annual volume of groundwater abstraction in the Ararat Valley to the level of
total usable (exploitable) groundwater resources, estimated at 926.73 million m3/year. To
implement this recommendation, the following measures are proposed:
•
•
•
•
•

Reuse water from Ararat Valley fisheries for irrigation.
Repair traditional irrigation systems fed from groundwater sources, replace open secondary and
tertiary distribution networks with piped network, and install drip irrigation systems.
Use valves to regulate the flow of wells used for irrigation.
Apply water recirculation systems in fish farms (recirculating aquaculture systems).
Repair drinking water supply systems.

In addition, it is recommended to implement the following measures to support data-driven and
accountable allocation and sustainable management of water resources in the Ararat Valley.
• Fully account for use of surface water and groundwater resources and water discharge in the
Ararat Valley.
• Correct inaccuracies in data on water use permits issued for use of groundwater and surface
water resources and water discharge.
• Eliminate gaps in data on actual volumes of water use from surface water and groundwater
resources and water discharge in the Ararat Valley. Introduce real-time monitoring of
groundwater abstraction in the Ararat Valley, using the supervisory control and data acquisition
system (SCADA).
• Update decision support tools for the Ararat Valley with 2017–2021 data and further update the
tools, analyses and assessments at least every 3 years and before large-scale water allocations to
support decision making on groundwater and surface water resource allocation and management.
• Extend the groundwater monitoring network in the Ararat Valley.

Conclusions
Based on the findings of the ASPIRED studies, the value of total usable groundwater resources in the
Ararat Valley estimated for 2016 in 926.73 million m3 (equivalent to 29.39 m3/second) is 15 percent
less than the annual volume of sustainable groundwater abstraction of 1,094.4 million m3 for the Ararat
Valley approved by the State Commission on Reserves in 1984 and legislated through the Republic of
Armenia Law on the National Water Program in 2015.
According to groundwater flow model simulation results, if the groundwater use in the Ararat Valley
continues as in 2016, piezometric heads will continue declining both in the first and the second confined
aquifers of the groundwater basin. Significant decline will occur in the western and northern parts of the
valley, and in the area between the Azat and Vedi Rivers. Piezometric heads will also decline in the central
part of the Ararat Valley, leading to further shrinking of the pressure zone boundaries of the artesian
basin and more serious water shortages for drinking, irrigation, fish farming and for the Armenian nuclear
power plant.
The groundwater overuse in the Ararat Valley in 2016 amounting to 681.34 million m3 and the
remaining water deficit in 439.12 million m3 shall be mitigated by regulating the water use in the Ararat
Valley itself and its catchment area, according to the Government of Armenia Decision N: 39-L, dated
January 17, 2019, on approving the Concept of Introducing Water Saving Technologies and Program of
Measures for the Concept Implementation and other legal acts, as well as recommendations provided in
this report.
Regulating water use in the upstream sections of the Ararat Valley catchment area river basins and within
the Ararat Valley will also help maintain the estimated values of ecological flow in the selected hydrologic
observation posts and representative sites of the Ararat Valley.
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Implementation of the recommendations provided to the GOAM will ensure maintaining the annual
volume of groundwater abstraction in the Ararat Valley to the level of total usable (exploitable)
groundwater resources, estimated at 926.73 million m3/year, and data-driven and accountable
allocation and sustainable management of water resources in the Ararat Valley. It will help easing the
pressure on Lake Sevan ecosystem through reduced water releases to cover water deficit in the Ararat
Valley. It will help easing the pressure on Lake Sevan ecosystem through reduced water releases to cover
water deficit in the Ararat Valley.
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INTRODUCTION
The Ararat Valley, one of the Armenian Plateau’s largest plains and one of Armenia’s most significant
basins of artesian aquifers, constitutes a highly strategic reserve of quality groundwater resources suitable
for drinking without additional treatment. The Valley is also the country’s largest agricultural production
zone, traditionally accounting for approximately 40 percent of national agricultural production.
Over the last decade, particularly since Armenia identified fish production as a priority area for
development, many private fish farms have developed in the Ararat Valley. From approximately 10 carp
farms in the 1990s the number of fish farms rose to 190 by 2013, with the majority producing trout and
Siberian sturgeon. According to an inventory of groundwater wells, natural springs, and fish farms
conducted by the USAID-funded Advanced Science and Partnerships for Integrated Resource
Development (ASPIRED) Project, the Ararat Valley had 235 fish farms in 2016, 135 of which were
operational [1]. High-quality artesian groundwater resources are the fisheries’ main water source.
Total groundwater abstraction in the Ararat Valley reached record levels in 2013, rising to 1,753.4 million
m3, 1,119.6 million m3 of which (roughly 65 percent) were accounted for by fish farming alone.2 According
to the 2016 ASPIRED inventory of Ararat Valley groundwater wells and fish farms, total groundwater
abstraction in 2016 was 1,608.5 million m3, 809.0 million m3 (50 percent) of which came from the fish
farming sector.
Although the Government of Armenia (GOAM) has made multiple legal and regulatory attempts over the
years to rein in groundwater abstraction in the Ararat Valley, water usage remains unsustainable. In 1984,
the State Commission on Reserves approved an annual volume of sustainable groundwater abstraction of
1,094.4 million m3 for the Ararat Valley. This limit was enacted into law in 2015 through the Republic of
Armenia Law on the National Water Program, as the volume of renewable groundwater resources in the
Ararat Valley, and part of usable water resources of Armenia. However, groundwater abstraction in the
Ararat Valley has exceeded the legally approved level since 2007. In fact, groundwater abstraction in 2013
for fish farming alone exceeded the limit. Although GOAM has put further policies and regulations in place
since 2013 to address overabstraction, the actual volume of groundwater abstracted in the Ararat Valley in
2016 still exceeded the sustainable rate by more than 45 percent (Figure 1).
The sharp increase in abstraction of artesian groundwater resources by the expanding fishery sector has
led to several negative impacts in the region. Between 1983 and 2013, piezometric water levels fell
significantly (by an average of 6–9 meters and up to as much as 15 meters), groundwater well capacity
declined by 6–200 liters per second, and flows from the Sevjur-Aknalich group of springs dwindled from
17.8 to 3 m3 per second. In 2016, several groups of natural springs stopped flowing. The artesian zone in
the Valley also shrank by approximately 53 percent (from 42,296 to 22,366 hectares) between 1983 and
2016, resulting in serious water shortages in some 33 Ararat Valley communities and for the Armenian
nuclear power plant (Figure 2).

According to the team of experts that conducted the assessment of groundwater resources in the Ararat Valley in 2014
(Assessment Study of Groundwater Resources of the Ararat Valley Final Report, USAID Clean Energy and Water Program, 2014), these
data do not fully reflect the actual volume of groundwater abstraction. In the experts’ opinion, actual abstraction was about 20
percent higher.
2
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Figure 1: Groundwater Use Trends in the Ararat Valley (Source: USAID Clean Energy and Water
Program and ASPIRED Project)

Figure 2: Pressure Zone Boundaries in the Ararat Valley in 1984–2016 (Source: USAID ASPIRED
Ararat Valley Atlas)

In 2014, in response to these alarming trends, GOAM, with the support of development partners, began
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implementing various measures to improve groundwater resource management. These measures were
based on technical, legal, and institutional recommendations provided in the assessment study of
groundwater resources of the Ararat Valley prepared by the USAID Clean Energy and Water Program
(CEWP) in 2014; the study on achieving sustainable groundwater use in the Ararat Valley with the role of
the fishery sector; and results of the inventory of groundwater wells, natural springs, and fish farms in the
Ararat Valley prepared by the ASPIRED Project in 2016.
ASPIRED Project, funded by United States Agency for International Development (USAID) and
implemented by ME&A, Inc. (ME&A), supports GOAM in sustainable water resource management and
water use practices in the Ararat Valley through science, technology, innovation, and partnership
initiatives. It aims to reduce extraction of groundwater resources to sustainable levels.
To support GOAM - particularly, the Ministry of Environment (ME) - in developing and implementing
more stringent, data-driven policies for sustainable groundwater resource allocation and management,
ASPIRED developed and calibrated decision support tools for the Ararat Valley and its catchment area—
particularly, the customized Decision Support System (DSS), developed under CEWP in 2013–2015.
ASPIRED modeled a three-dimensional (3D) structure of the Ararat Valley groundwater basin to assess
hydrologic and hydrogeologic conditions in the Valley as of 2016 and provide GOAM with evidence-based
recommendations.
These activities were implemented in collaboration with and guidance from Computer Assisted
Development, Inc. (CADI) and AQUAVEO, companies that specialize in providing governments and
businesses worldwide with technical solutions for sustainable water resource management and nature
conservation, applying extensive information technology and advanced hydrologic and hydrogeologic
analyses using modeling. The Ararat Valley groundwater basin modeling builds on the 2017 United States
Geological Survey (USGS) scientific investigation report Hydrogeologic Framework and Groundwater
Conditions of the Ararat Basin in Armenia [2]. The report reflects recommendations by Stanley Leack,
USGS hydrologist, based on his independent review [33]. ASPIRED also collaborated with key stakeholder
agencies on developing the concept of modeling the Ararat Valley groundwater basin, creating its 3D
structure, and assessing water availability and incorporated their feedback into its work.
This study was presented and discussed with a working group established by the Decree of the Minister
of the Environment N: 30-A, dated January 30, 2020, and incorporates working group members’ feedback.
It also incorporates stakeholder recommendations made during the May 2021 ASPIRED conference, which
presented the current state of the Ararat Valley groundwater basin and its potential for long-term
conservation and sustainable use.
This report presents ASPIRED’s findings on water availability in the Ararat Valley (water/hydrologic
balance) and its correlation with demand by various water use sectors (water supply and demand balance).
It provides the calculated values of groundwater reserves (storage) and of natural groundwater resources
recharging the groundwater basin and recommends a sustainable rate of groundwater use based on 2016
data. The report also summarizes the results of climate change impact on surface water availability in the
Ararat Valley and projected stresses. It discusses the limitations faced in calculating water balance and
water supply and demand balance components, values of groundwater storage and recharge rate, and the
sustainable rate of groundwater use. It provides recommendations to inform GOAM’s adoption and
implementation of new policies for effective, sustainable allocation and management of groundwater
resources in the Ararat Valley. Finally, it presents main conclusions. Data sources and methodologies used
are presented in the annexes to this report.
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1. STUDY AREA
The Ararat Valley lies midstream of the Araks River between the Haykakan Par and Urts mountain ridges,
Geghama volcanic mountains, and Ararat (5,165 m) and Aragats (4,095 m) volcanic massifs. The Araks
River divides the Ararat Valley into two sides: the right bank (Turkish territory) and the left bank
(Armenian territory) (Figure 3).

Figure 3: Location of the Ararat Valley (Source: USAID ASPIRED Project)

In the Republic of Armenia, the Ararat Valley lies in the midstream section of the Araks River, extending
from northwest to southeast approximately 120 km in length and 10–25 km in width. The Valley is located
at elevations ranging 800–930 m above sea level and occupies an area of about 1,177 km2. Its boundaries
nearly match those of Armavir and Ararat Marzes.
Together with its submontane zones, the Ararat Valley is the most densely populated area in Armenia,
and a substantial portion of the agriculture and industrial sector, as well as about 50 percent of the
country’s operational groundwater resources, are concentrated here.
The Ararat Valley catchment area is composed of the Akhuryan (including Kars), Qasakh, Metsamor,
Hrazdan, Azat, and Vedi River basins, as well as the Igdir region. The catchment’s surface area is 21,187
km2, 11,075 km2 of which is in the territory of the Republic of Armenia (Table 1, Figure 4).
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Table 1: Surface Areas of River Basins in the Ararat Valley Catchment Area

Surface Area (km2)
No
River Basin
Beyond the Ararat
Within the Ararat
Valley’s Boundaries
Valley’s Boundaries
1
Akhuryan
2,767
0
2
Kars
6,789
0
3
Qasakh
1,368
21
4
Igdir
3,497
0
5
Hrazdan
2,263
318
6
Azat
760
195
7
Vedi
810
154
8
Metsamor
1,756
489
Area of the Ararat Valley in the territory of Armenia
1,177
Total area of river basins in the catchment area
Area of the catchment’s river basins in the territory of Armenia

Total
2,767
6,789
1,389
3,497
2,581
955
964
2,245
21,187
11,075

Figure 4: The Ararat Valley Catchment Area (Source: USAID ASPIRED Ararat Valley Atlas)

Atmospheric precipitation in the catchment area river basins infiltrates through fractured and porous
rocks to the aquifers until reaching non-water-bearing layers. The relief of non-water-bearing formations
is the main distribution path of the groundwater flow. Deep flows enter the Ararat Valley groundwater
basin through ancient, buried valleys of the catchment area rivers.
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Deep flows from the Akhuryan River basin enter the Ararat Valley groundwater basin mainly through the
volcanic lava rocks of the northwestern and western slopes of the Aragats massif and pass along the left
side of the Selav-Mastara riverbed.
Deep flows in the Qasakh River basin run through the ancient, buried valley of the Qasakh River’s old
riverbed, which extends under the lava rocks of the eastern slopes of the Aragats massif, approximately
2–3 km parallel to the right side of the Qasakh riverbed and in the direction of Hartavan, Ghazaravan,
Aragats, and Arshaluys communities.
Deep flows in the territory of the Hrazdan River basin have several distribution paths. One path goes
through the lava rocks of the western slopes of the Geghama mountains on the left side of the modern
riverbed. Another path goes through the lava rocks of the Yeghvard plateau, which enters the Ararat
Valley groundwater basin between the Qasakh and Hrazdan Rivers. The third deep flow distribution path
coincides with the modern bed of the Hrazdan River.
The ancient bed of the Azat River is parallel to the modern riverbed and enters the Ararat Valley
groundwater basin on the right side of the riverbed. The ancient bed of the Vedi River stretches on the
right bank of the Vedi River’s modern riverbed.
Figure 5 shows the main directions of deep flows from the Ararat Valley catchment area to the Ararat
Valley groundwater basin [15, 37].

Figure 5: Directions of Deep Flows from the Ararat Valley Catchment Area to the Ararat Valley
Groundwater Basin [15, 37]
*Numbers on the map indicate the following:
1. Absolute heights of isolines of the non-water-bearing regional relief (in meters)
2. Main directions of centralized movement of deep flows
3. Modern (surface) watershed
4. Regional "buried" watershed
5. Areas where inversions of modern and "buried" relief are identified

11

2. WATER USE IN THE ARARAT VALLEY IN 2016
2.1 Groundwater Use
In 2016, ASPIRED supported a comprehensive inventory of Ararat Valley groundwater wells, natural
springs, and fish farms. The team conducted field measurements and desk surveys to identify and record
the status of wells, springs, and fish farms and describe the Valley’s baseline situation of groundwater use.
Overall, the inventory covered 2,807 groundwater wells (from the confined aquifers, exceeding a depth
of 50 m), 14 groups of natural springs, and 235 fish farms. There were 1,795 operational and 700 nonoperational wells, 123 temporarily closed wells, 158 wells not suitable for operation (as a result of being
filled with stones or garbage), 27 sealed wells, and four wells that were permanently closed after the field
measurements. Table 2 provides information on the inventoried wells according to total quantity,
discharge, and method of operation. Distribution of the wells is indicated by marzes (administrative
territorial units) [1].
Table 2: Inventoried Wells by Marzes

No

1

2

3
4
5
6

Discharge
(thousand m3)

Ararat
Marz

Armavir
Marz

Total

Operational

832

963

1,795.0

Self-flowing
Pump-operated
Non-operational (temporary)*

484
348
185
53
17
115
99

196
767

680
1,115.0

996,547.30
1,021,495.44

515
82
18
415
24

700
135
35
530
123

35,151.33
0
0
0

4

-

4

0

18

9

27

0

54

104

158

0

1,192

1,615

2,807.0

2,053,194.07**

Inventoried Wells

Non-operational with discharge
Closed by a valve
With negative pressure
Temporarily closed
Permanently closed (after the
inventory)
Sealed
Not suitable for operation
(filled)
Total

* The wells were not operating at the time of the inventory.
** Self-flowing wells with 996,55 million m3 discharge are used continuously. Discharge of the pumped wells, 1,021.50 million m3,
is a maximum discharge estimated based on pump capacity. These wells are operated intermittently, even during irrigation season.

According to the inventory results, the total discharge of self-flowing wells was 996.55 million m3 in 2016,
and the discharge of pump-operated wells was 1,021.50 million m3 (estimated based on pump capacity).
In the same period, water discharge from non-operational wells amounted to 35.15 million m3. The actual
volume of groundwater abstraction in the Ararat Valley by various sectors was 1,608.07 million m3,
where 809.0 million m3 (50 percent) was accounted for by fish farming. Figure 6 shows the distribution
of actual groundwater use in 2016 in the Ararat Valley by sector.
According to the ME State Water Cadastre Information System (SWCIS) water use permit database, the
permitted volume of groundwater uses in the Ararat Valley in 2016 amounted to 639.97 million m3, where
84 percent of which was accounted for fish farming (Figure 7).

12

Purpose of Use

Annual Volume
3
(million m )

Drinkinghousehold

192.65

Irrigation

581.25

Fish farming

809.07

Industrial

25.10
Total:

1,608.07

1.6%

12.0%
36.1%

50.3%

Irrigation
Industrial

Fish farming
Drinking-household

Figure 6: Actual Groundwater Use Distribution in the Ararat Valley in 2016 (Source: USAID ASPIRED
Inventory)

Purpose of Use

Annual Volume
3
(million m )

Drinkinghousehold

9.05

Irrigation

91.81

Fish farming

534.60

Industrial

4.51
Total:

639.97

1%

14%
1%

84%

Industrial
Drinking-household

Fish farming
Irrigation

Figure 7: Groundwater Use Distribution in the Ararat Valley in 2016 According to Water Use
Permits (Source: SWCIS Data Warehouse, ME)

2.2 Surface Water Use
According to the SWCIS water use permit database, permitted volume of surface water use in the Ararat
Valley in 2016 amounted to 481.85 million m3 (Figure 8), .
Purpose of Use

Annual Volume
3
(million m )

Irrigation

374.60

Fish farming

31.41

Industrial

17.36

Hydro Energy

58.48

Total:

481.85

Figure 8: Surface Water Use Distribution in the Ararat Valley in 2016 (Source: SWCIS Data
Warehouse, ME)
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3. ARARAT VALLEY 2016 WATER BALANCE
This chapter presents the Ararat Valley’s water balance for 2016, describing the study area’s hydrologic
system in natural conditions and providing input data for the Valley’s water supply and demand balance
for the same period.3 The values of the components of water balance of the Ararat Valley for 2016 were
calculated according to the methodology presented in the USAID ASPIRED report on Methodology and
Calculated Values of Water Balance and Natural Flow in the Ararat Valley4. The following equation was
used [3]:
P + SWin + GWin = ET + SWout + GWout+

∆

Inflow Parameters:
Precipitation (P): The values of precipitation in the Ararat Valley for 2016 were determined using the
raster image of precipitation pattern that is generated in the Hydrologic Model of the DSS, using data
from meteorological stations of the Ararat Valley and following the methodology presented in the
ASPIRED report on Methodology and Calculated Values of Water Balance and Natural Flow in the Ararat
Valley [3] (Figure 9).

Figure 9: Raster Image of Precipitation Pattern in the Ararat Valley for 2016 (Source: USAID
ASPIRED Ararat Valley Atlas)

Calculations indicate that average precipitation in the Ararat Valley in 2016 amounted to 335.44 million
m3.

3

The water balance or hydrologic balance of any area, including the river basin, over any given period (multiannual,
annual, seasonal) is the ratio of inflow, outflow, and storage (change in storage) of the water resource within the
given area [3].
4

In the calculations of the water balance of the Ararat Valley catchment area river basins, ASPIRED obtained data
from hydrological observation posts in Kars river basin from the website of the General Directorate of State
Hydraulic Works of Turkey (URL: https://en.dsi.gov.tr), as well as the meteorological data from the website of the
Turkish State Meteorological Service (URL: https://mgm.gov.tr).
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The natural surface inflow (SWin) to the Ararat Valley for 2016 was calculated at the hydrologic
observation posts, as well as at other selected locations at the Valley’s border, where there are no
hydrologic observation posts (Figure 10).

Figure 10: Observation Posts for Calculation of Surface Water Inflow and Outflow for 2016 (Source:
USAID ASPIRED Ararat Valley Atlas)

The total natural surface inflow to the Ararat Valley for 2016 was 1,478.53 million m3, including from
the following:
- Sevjur-Taronik: 314.99 million m3
- Qasakh-River mouth: 290.23 million m3
- Hrazdan-Yerevan: 581.82 million m3
- Azat-Lanjazat: 154.86 million m3
- Vedi-Vedi: 136.61 million m3
Groundwater inflow (GWin). The value of the groundwater inflow to the Ararat Valley was calculated
using the raster image of the total natural flow of the Valley catchment area and the value of the natural
groundwater (deep) flow entering the Valley’s territory, following the methodology presented in
Methodology and Calculated Values of Water Balance and Natural Flow in the Ararat Valley [3].
In calculating the values of the deep flow component of the Ararat Valley catchment area river basins’
water balance, the areas of the modern and old watersheds were taken into account and surface areas of
watersheds were adjusted using sources by various authors [6, 15, 37, 38].
In calculating the value of deep flow in the Akhuryan River basin, areas with 140 km2 surface area from
the Qasakh River basin (northwestern part of the Qasakh River basin) and 125 km2 surface area from the
Mastara River floodplain catchment to the Akhuryan River basin’s surface area. Deep flows enter the
Akhuryan River basin from these areas. About 70 percent of the deep flow enters the Ararat Valley
groundwater basin through the Akhuryan River’s old riverbed, which passes through the southwestern
part of the Aragats massif. An area with 100 km2 surface area was added to the Hrazdan River catchment
area to adjust for the deviation between the modern and ancient buried watersheds of the Geghama
mountain range. An area with 50 km2 surface area from the western slopes of Geghama mountain range
was added to the deep flow formation zone of the Azat River basin.
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The team used ArcGIS spatial analysis tools, including raster calculation functions, for the calculations. The
total volume of groundwater inflow to the Ararat Valley for 2016 was calculated at 1,731.86 million m3,
including from the following:
-

-

Akhuryan River basin (including Kars): 1,487․72 million m3
Qasakh River basin: 166․55 million m3
Hrazdan River basin: 140․75 million m3
Azat River basin: 26․22 million m3
Vedi River basin: 10․53 million m3
Metsamor River basin: 99․91 million m3

Outflow Parameters:
Evapotranspiration (ET): The evapotranspiration pattern of the Ararat Valley for 2016 was generated
in the DSS Hydrologic Model following the methodology presented in Methodology and Calculated Values
of Water Balance and Natural Flow in the Ararat Valley [3] (Figure 11).

Figure 11: Raster Image of the Evapotranspiration Pattern in the Ararat Valley for 2016 (Source:
USAID ASPIRED Ararat Valley Atlas)

The average evapotranspiration in the Ararat Valley in 2016 amounted to 436.54 million m3.
The natural surface outflow (SWout) from the Ararat Valley for 2016 was calculated using the values
measured at the hydrologic observation posts, as well as at the selected river mouths at the Valley’s
border, where there are no hydrologic observation posts (see Figure 10). The total natural surface outflow
in the Ararat Valley catchment area in 2016 was 1,758.27 million m3, calculated as the sum of the
following values:
-

Sevjur-Ranchpar: 751.40 million m3
Hrazdan-Masis: 708.01 million m3
Azat River mouth: 160.14 million m
Vedi River mouth: 138.72 million m3
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The values of the surface runoff in the areas located between the river basins were also added up in the
calculation of the total surface outflow, equaling 6.9 million m3. Thus, the total natural surface outflow
from the Ararat Valley was 1,765.17 million m3.
Groundwater outflow (GWout). The groundwater outflow from the Ararat Valley occurs from the
southeastern section of the left-bank part of the Valley. The flow occurs along the isopiestic line at an
elevation of 810 m in the section between Shahumyan and Yeraskh villages. The length (L) of the
mentioned section is 38 km. According to the Ararat Valley isopiestic map, the hydraulic slope (I) varies
from 0.002 to 0.005 and the average value is 0.003 in this section. Aquifers are represented by lacustrinefluvial formations. In the section from Shahumyan to Yeraskh, the average depth of the representative
groundwater wells is 149.1 m. The value of the filtration coefficient (Kf) varies between 13.2 and 48.1
m/day, with an average of 30.6 m/day [4]. Darcy’s equation was used for calculating the groundwater
outflow from the Ararat Valley in 2016, which amounted to 189.87 million m3.
Surface runoff generated in the Ararat Valley in 2016 was calculated based on the curve number
(CN) curve. The CN curve raster image was created using ArcGIS software and it is based on the Digital
Elevation Model (DEM), the land cover/use pattern image, and the GIS layer on the Valley soil types. The
numerical value assigned to each pixel of the image shows the potential percentage of surface runoff
generation from total precipitation. The values range from 35.6 percent to 100 percent (Figure 12).

Figure 12: CN Curve Raster Image of the Ararat Valley for 2016 (Source: USAID ASPIRED Ararat
Valley Atlas)

Based on the obtained CN curve image, the surface runoff raster for the Ararat Valley for 2016 was
generated (Figure 13). Next, the surface runoff for the areas between the Valley’s river basins was
determined to calculate the surface runoff’s contribution to the total surface outflow (Figure 14).
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Figure 13. Raster Image of the 2016 Surface Runoff Pattern in the Ararat Valley (Source: USAID
ASPIRED Ararat Valley Atlas)

Figure 14. Raster image of the surface runoff in the areas located between the river basins of the
Ararat Valley in 2016 (source: USAID ASPIRED Ararat Valley Atlas)

Using the calculated values of inflow and outflow parameters, the water balance for the Ararat Valley for
2016 was calculated using the Hydrologic Model of the DSS (Figure 15). The generated values for the
water balance components are presented below.
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P = 335.44 million m3
SWin= 1,478.53 million m3
GWin= 1,731.86 million m3
ET = 436.54 million m3
SWout= 1,765.17 million m3
GWout = 189.87 million m3

∆ = 1,154.24 million m3

Figure 15. DSS Screenshot of the Ararat Valley 2016 Water Balance (Source: USAID ASPIRED
Project)
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4. ARARAT VALLEY 2016 WATER SUPPLY AND DEMAND
BALANCE
This chapter presents the calculated values of the 2016 Ararat Valley water supply and demand balance
components and the values of ecological flow in the selected hydrological observation posts and sites.
The water supply and demand balance in a river basin, its section, or any geographic area is the ratio
between the volume of the available water resources and the volume of demand for the water in the river
basin, its separate section, or any geographic area, considering human economic activities within the given
area during a certain period. The water supply and demand balance equation shows the water shortage
(deficit) or surplus within the given area for the given period of time with human economic activity [5].
The numeric values of the 2016 Ararat Valley water supply and demand balance components were
calculated according to the methodology presented in Annex 1 of this report using the following equation:
P + GWin_ actual + SWin_actual + Tin + Yreturn= EТ+ GWout + SWout_actual + Tout+ Yabst ± ΔS
Precipitation (P): According to the calculated values of the water balance (Chapter 3 of this report),
the annual precipitation (P) in the Ararat Valley in 2016 amounted to 335.44 million m3.
Annual actual groundwater inflow (GWin_actual) is the difference between the natural groundwater
inflow into the Ararat Valley from the Akhuryan, Qasakh, Hrazdan, Azat, and Vedi River basins of the
Ararat Valley catchment area (GWin_natural) and the annual volume of total groundwater use in the river
basin areas upstream of the Valley (GWuse) (see Figure 4).
According to the calculated values of the water balance (see Chapter 3 of this report), the annual natural
groundwater inflow into the Ararat Valley in 2016 amounted to 1,731.86 million m3.
The annual total groundwater uses in the river basin areas upstream of the Ararat Valley amounted to
390․33 million m3, calculated as the sum of the following values:
• Groundwater use in the Akhuryan River basin: 129.13 million m3
• Groundwater use in the Qasakh River basin: 105.62 million m3
• Groundwater use in the Hrazdan River basin: 124.46 million m3
• Groundwater use in the Azat River basin: 22.2 million m3
• Groundwater use in the Vedi River basin: 8.92 million m3
Thus, the annual actual groundwater inflow amounted to 1,731.86 - 390․33 = 1,341.53 million m3.
The annual actual surface water inflow (SWin_actual) into the Ararat Valley in 2016 amounted to
391․52 million m3, calculated as the sum of the following values:
•
•
•
•
•

Actual surface water inflow at the Metsamor-Taronik hydrologic observation post: 15.45 million m3
Actual surface water inflow at the Qasakh-Ashtarak hydrologic observation post: 194.71 million m3
Actual surface water inflow at the Hrazdan-Yerevan hydrologic observation post: 90.84 million m3
Actual surface water inflow at the Azat-Lanjazat hydrologic observation post: 48.26 million m3
Actual surface water inflow at the Vedi-Vedi hydrologic observation post: 42.26 million m3
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The annual transit inflow into the Ararat Valley (Tin) in 2016 amounted to 700.0 million m3,
calculated as the sum of the following values:
•
•
•

Annual transit inflow through Armavir main canal: 269.1 million m3
Annual transit inflow through Talen main canal: 263.9 million m3
Annual inflow from Lake Sevan: 167.0 million m3

The total annual evapotranspiration (ET) from the Ararat Valley in 2016 amounted to 436.54
million m3, and the annual natural groundwater outflow (GWout) was 189.87 million m3, as
presented in the Ararat Valley water balance (Chapter 3 of this report).
The annual actual surface water outflow (SWout_actual) from the Ararat Valley in 2016 amounted to
1,028․79 million m3, calculated as the sum of the following values:
•
•
•

Actual surface water flow at Metsamor-Ranchpar hydrological post: 246.01 million m3
Actual surface water flow at Hrazdan-Masis hydrological post: 775.88 million m3
Actual surface water flow generated in inter-basin areas of the Ararat Valley: 6.9 million m3

The annual transit outflow from the Ararat Valley (Tout) in 2016 through the Araks-Hrazdan
drainage-collector system amounted to 548․07 million m3.
The annual total volume of water abstraction (Yabst) and water return from the water use
(Yreturn) in the Valley is presented in Table 3 through the breakdown of water use volumes by water use
purpose.
Table 3: Water Abstraction and Return Flow by Water Use Purpose in the Ararat Valley in 2016

Water Use Purpose
Irrigation
Drinking-household
Fish farming
Industrial
Hydro Energy
Total

Water Abstraction
Water Return Flow
3
(million m )
Percentage*
955.85
20%
192.65
30%
840.48
10%
42.46
30%
58.48
100%
2,089.92

Return Flows
(million m3)
191.17
57.80
84.05
12.74
58.48
404.24

* Water return flow percentage values are based on the research carried out in the Institute of Water Problems and HydroEngineering after I.V.Yeghiazarov by Chilingaryan, L., Mnatsakanyan, B., Torgomyan [6] (refer also to Annex 1 of this report).

Thus, the total water abstraction in the Ararat Valley in 2016 was 2,089.92 million m3, and the total
return flows from water use for the same period amounted to 404.24 million m3.
Table 4 summarizes the calculated values of the water supply and demand balance components
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Table 4: Values of 2016 Water Supply and Demand Balance Components for the Ararat Valley

Component
Water Supply
Precipitation
Actual groundwater inflow
Actual surface water inflow
Inflow by transfer
Total return flows from water use
Total water supply
Water Demand
Evapotranspiration
Groundwater outflow
Actual surface water outflow
Outflow by transfer
Total water abstraction
Total water demand
Difference

Notation

Value (million m3)

P
GWin_actual
SWin_actual
Tin
Yreturn

335.44
1,341.53
391.52
700.00
404.24
3,172.73

ET
GWout
SWout_actual
Tout
Yabst

436.54
189.87
1,028․79
548.07
2,089.92
4,293.19
-1,120.46

The calculations show the negative difference between water availability and water demand in the Ararat
Valley for 2016, which amounted to 1,120.46 million m3.
The values of ecological flow in the selected hydrologic observation posts and sites in the Ararat Valley
were also calculated, using the DSS water supply and demand balance model. The calculations followed
the requirements of Government Resolution N: 57-N, dated January 25, 2018, on the new methodology
for calculating values of ecological flow in the rivers of Armenia [7].
The calculated values of the ecological flow were compared with the values of actual surface water flow
in the same hydrologic observation posts or sites. The results demonstrate that the ecological flow is not
maintained in most of the sites (Table 5).
Table 5: Values of Actual Flow and Calculated Ecological Flow in the Selected Hydrologic Posts and
Sites of the Ararat Valley for 2016

Hydrologic Observation Post or Site
Metsamor-Taronik
Qasakh-Ashtarak
Hrazdan-Yerevan
Azat-Lanjazat
Vedi-Vedi
Metsamor-Ranchpar
Hrazdan-Masis
Azat River mouth
Vedi River mouth

Actual Flow
Estimated Ecological
3
(million m )
Flow (million m3)
Ararat Valley inflow
15.45
18․29
194.71
120.26
90.84
211.34
48.26
55.87
42.26
9.66
Ararat Valley outflow
246.01
97․78
775.88
318․55
0.01
62․0
0.01
10.0

Difference
(million m3)
-2.84
74.45
-120.50
-7.61
32.60
148.23
457.33
-61.99
-9.99
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5. ESTIMATED VALUES OF ARARAT VALLEY NATURAL
GROUNDWATER RESERVES, NATURAL GROUNDWATER
RECHARGE, AND TOTAL USABLE GROUNDWATER
RESOURCES
Between 1966 and 1984, multiple authors estimated the Ararat Valley’s natural groundwater reserves
(storage), natural (renewable) groundwater resources, and usable (exploitable) groundwater resources,
using the balance method and results of field observations. The natural (renewable) groundwater
resources entering the aquifers were estimated as follows:
•
•
•
•
•
•

1954, A. O. Ohanyan: 71.7 m3/second or 2,261.4 million m3/year
1966, A. E. Amroyan: 107.32 m3/second or 3,384.8 million m3/year
1974, Z. V. Davletshina: 70.8 m3/second or 2,233.0 million m3/year
1974, M. S. Torgomyam: 30.12 m3/second or 949.9 million m3/year
1975, V. T. Vehuni: 64.1 m3/second or 2,021.7 million m3/year
1976, H. A. Aghinyan: 51.5 m3/second or 1,624.3 million m3/year [8]

According to V. T. Vehuni, the natural (dynamic) groundwater inflow to the Ararat Valley groundwater
basin was about 64.1 m3/second or 2,021.7 million m3/year, including 42.8 m3/second or 1,349.9 million
m3/year generated from the Kars Plateau in Turkey and 21.3 m3/second or 671.8 million m3/year in
Armenia. According to H. A. Aghinyan, natural (dynamic) groundwater inflow amounted to 51.5 m3/second
or 1,624․3 million m3/year, 35.9 m3/second or 1,132․2 million m3/year of which was generated from the
Kars Plateau in Turkey and 15.6 m3/second or 492.03 million m3/year in Armenia, including the following:
•
•
•
•
•

Southwestern slope of Mount Aragats: 0.4 m3/second or 12.62 million m3
Qasakh River basin: 11.46 m3/second or 361.45 million m3
Hrazdan River basin: 2.61 m3/second or 82.32 million m3
Azat River basin: 0.13 m3/second or 4.10 million m3
Vedi River basin: 1.0 m3/second or 31.54 million m3 [14]

Between 1986 and 1989, an expert group at the Institute of Water Problems and Hydro-Engineering after
I. V. Yeghiazarov, led by R. S. Minasyan, applied mathematical modeling to estimate natural groundwater
inflow to the Ararat artesian basin from Armenian territory. The estimated value was 20.29 m3/second or
639.9 million m3/year [15].
The last assessment of groundwater reserves (storage) and usable (exploitable) groundwater resources
of the Ararat Valley groundwater basin was conducted in 1983, and the results were approved by the
State Commission on Reserves in 1984. The estimated amount of usable (exploitable) groundwater
resources was 56.6 m3/second or 1,785.1 million m3/year, including 34.7 m3/second or 1,094.4 million
m3/year by wells and 21.9 m3/second or 690.7 million m3/year by springs.
Regular observations between 1978 and 1983 showed reduction in groundwater levels by up to 3.0 m as
a result of maximum water use during the vegetation period, which amounted to 51.7 m3/second or
1,630.6 million m3/year. The minimum water use (16.4 m3/second or 517.2 million m3/year), however,
allowed for restoration of the water table. Based on these data, the former State Commission on Reserves
approved an average annual volume of sustainable water use of 34.7 m3/second or 1,094.4 million m3 [9].
The ASPIRED Project, within the framework of its support to GOAM in developing and implementing
more stringent, data-driven policies for sustainable management of groundwater resources in the Ararat
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Valley, estimated the values of groundwater reserves (storage), natural groundwater resources recharging
the groundwater basin (recharge), and total usable (exploitable) groundwater resources or sustainable
rate of groundwater use in the Ararat Valley for 2016. The estimates are based on comprehensive data
from the inventory conducted in the Ararat Valley through the ASPIRED Project in 2016 and results of
extensive analysis of natural hydrologic and hydrogeologic conditions in the study area and of impacts of
water use on surface and groundwater resource availability, using scientific approaches and advanced
modeling tools [15, 16, 17, 18, 19, 20, 39]. The work builds on partnerships with key government agencies,
USGS, and the U.S.-based companies CADI and AQUAVEO.
This chapter presents key concepts used during the work and estimated values of groundwater reserves
(storage), groundwater recharge, and total usable groundwater resources for 2016. The methodology
used is described in Annex 2.

5.1 Key Concepts
The following key concept definitions are based on those found in literature sources [16, 18, 21, 22, 23,
32, 34].
Groundwater deposits are defined as the parts of aquifers or complex aquifer systems where
groundwater accumulates because of natural or artificial factors and groundwater is both relatively
sustainable from qualitative and quantitative perspectives and economically efficient to use for various
purposes in an estimation period. This definition holds for all types of groundwater—fresh, mineral,
industrial, and thermal.
Groundwater deposits form under the influence of natural and artificial factors. Natural factors include
infiltration from precipitation, surface water, and adjacent aquifers. Artificial factors include infiltration as
a result of human activity, such as water use and operation of hydrotechnical structures (HTSs). In the
presence of artificial factors, part of the surface flow can change into groundwater in favorable geologic
and lithologic conditions. Such alteration is due to water infiltration from reservoirs, irrigation, and other
water supply systems and results in replenishment of the aquifer or formation of a new one.
Like other mineral deposits (solid, oil, gas), groundwater deposits have contours (boundaries in a layout
and cross-section) and contain a certain amount of groundwater, but they differ from other mineral
deposits with water-mineral interaction and the peculiarities of resource restoration and replenishment.
In addition, when assessing the prospective use of solid minerals, oil, and gas, it is enough to use a single
concept: mineral reserves. For groundwater, this notion alone cannot fully express the potential of
effective use.
Natural groundwater reserves (storage) are defined as the amount of gravitational water contained
in aquifers’ pores, cracks, and other voids under natural conditions. Volumetric reserves are defined
as the amount of water created as a result of drying up the aquifer. Elastic reserves are defined as the
amount of water discharged from the aquifer as a result of decline in piezometric levels (decline of water
head), expansion of water, and compression of rock pores.
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Natural groundwater resources (recharge) represent the quantity of groundwater that enters an
aquifer through infiltration of atmospheric precipitation in the catchment basin; infiltration of surface flows;
and infiltration as a result of human activities in the groundwater basin or its catchment area, such as
water use and operation of HTSs.
Natural groundwater resources are expressed in the units of measure applied for water discharge:
l/second, m3/second, m3/day, and m3/year. Natural (renewable) groundwater resources physically
represent the total value of recharge of aquifers in the groundwater basin.
Usable (exploitable) groundwater resources are defined as the quantity of water extracted from
aquifers in a unit of time based on the total estimated exploitation period without disturbing the balance
and maximum permissible levels of exploitation from aquifers and, at the same time, maintaining the head,
river and natural spring flow, water quality, and land surface elevation at acceptable levels. Usable
groundwater resources are measured volumetrically in m3 and represent the sustainable rate of
groundwater use in the given period.

5.2 Ararat Valley Natural Groundwater Reserves, Natural Groundwater
Recharge, and Total Usable Groundwater Resources
This section presents the values of natural groundwater reserves or storage, natural groundwater
resources recharging the groundwater basin, and total usable groundwater resources or sustainable rate
of groundwater use in the Ararat Valley for 2016. These values were estimated using extensively applied
information technology and advanced solutions for hydrologic and hydrogeologic analyses with data that
describe the study area’s natural setting and water use. The estimated value of total usable groundwater
resources serves as a basis for determining the usable resources of the Ararat Valley’s hydrogeological
structures, using hydrodynamic and hydraulic methods.

5.2.1. Main Hydrogeologic Units in the Ararat Valley Groundwater Basin and the
Volumes of the Units
The main hydrogeologic units in the Ararat Valley groundwater basin were identified using the 3D
hydrogeologic model of the area, developed using ArcHydro Groundwater Tools (AHGW) [10]. The
model is based on 2016 Ararat Valley well inventory data, including the geographic coordinates of the
wells, altitude above sea level, stratigraphy (rock structure, thickness, and depth), and geological origin of
rocks. Each of the 2,800 wells inventoried was linked to its lithologic structure, and the lithologic structure
of each well grouped into one of the seven main hydrogeologic units presented in Figure 16.
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Figure 16: Visualization of the Ararat Valley Well Lithologic Structure (Source: USAID ASPIRED
Ararat Valley Atlas)

Using the lithologic database, seven main hydrogeologic units for the Ararat Valley groundwater basin
were identified and each hydrogeologic unit’s thickness, surface area, and volume were calculated (Figure
17).

Figure 17: 3D Image of the Main Hydrogeologic Units in the Ararat Valley Groundwater Basin (USAID
ASPIRED Ararat Valley Atlas)

The total volume of the seven hydrogeologic units was estimated at more than 187․74 billion m3. To
estimate water reserves in the Ararat Valley groundwater basin, these hydrogeologic units were classified
into water-bearing and non-water-bearing layers. Three water-bearing layers were identified, two of which
are confined and one unconfined. The total volume of water-bearing layers was more than 98․22 billion
m3 and that of the non-water-bearing layers was 89․52 billion m3 (Table 6).
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Table 6: Main Hydrogeologic Units in the Ararat Valley Groundwater Basin

#
1
2
3
4
5
6
7

Rocks
Sandy clay/clay
Gravel
Clay
Gravel
Dense basalt/clay
Fractured
basalt
Dense clay

Surface
Water-bearing
Non-water-bearing
Water-bearing
Non-water-bearing

Characteristics of the Hydrogeologic Units
Average
Surface Area
Volume (m3)
Thickness
(m2)
(m)
5,705,196,508.08
861,709,500.0
6.62
5,767,557,491.32 1,094,595,300.0
5.27
34,744,111,813.70 1,163,662,200.0
29.86
16,808,080,996.86 1,099,067,400.0
15.29
23,559,600,087.27 1,041,281,100.0
22.63

Water-bearing

75,643,430,214.93 1,176,011,390.2

64.32

Non-water-bearing

25,512,553,753.96
98,219,068,703.11

21.69

Water-Bearing
Potential

Total for water-bearing layers (## 2+4+6)
Total for non-water-bearing layers (##
1+3+5+7)

Total

1,176,060,842.0

89,521,462,163.00
187,740,530,866.11

The total pore volume of the aquifers in the Ararat Valley groundwater basin was estimated based on the
volumes of the water-bearing layers and porosity coefficients applicable to the layers’ geologic media
(Table 7).
Table 7: Total Pore Volume of the Aquifers in the Ararat Valley Groundwater Basin

Hydrogeologic
Unit #
2
4
6

Volume of the
Water-Bearing
Layer (m3)
Gravel
5,767,557,491.32
Gravel
16,808,080,996.86
Fractured basalt
75,643,430,214.93
Total 98,219,068,703.11
Rocks

Coefficient of
Porosity *
0.34
0.28
0.17

Total Pore Volume of
Water-Bearing Unit
(m3)
1,960,969,547.05
4,706,262,679.12
12,859,383,136.54
19,526,615,362.71

* The coefficient of porosity was selected based on the results of studies of similar water-bearing layers by various
authors [16, 21, 22, 24, 25, 26].

Thus, the total pore volume of the Ararat Valley aquifers is estimated to be 19․53 billion m3, of which
1․96 billion m3 are in the unconfined aquifer, 4․71 billion m3 in the first confined aquifer, and 12․86
billion m3 in the second confined aquifer.

5.2.2. Natural Groundwater Reserves (Storage) in the Ararat Valley Groundwater Basin
The value of natural groundwater reserves (storage) in the Ararat Valley groundwater basin was calculated
using the methodology presented in Annex 2.
As an initial step, the values of the gravitational water yield coefficient for the unconfined aquifer and
elastic water yield coefficients for the confined aquifers were determined. The gravitational water yield
coefficient for the unconfined aquifer, determined based on results of scientific research conducted by
various authors for similar aquifers, amounts to 0.25 [18, 20, 22, 24, 25, 33, 34]. The elastic water yield
coefficients for the confined aquifers were estimated using the methodology presented in Annex 2. The
results are summarized in Table 8.
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Table 8: Elastic Water Yield Coefficients for the Confined Aquifers in the Ararat Valley Groundwater
Basin

Hydrogeologic Unit # and
Rock

Volume of the
Water-Bearing
Layer (m3)
16,808,080,996.86
75,643,430,214.93

Average
Thickness
(m)
15․29
64․32

Specific
Storage

4. Gravel
0․0006 *
6. Fractured basalt
0․0001 **
* 1000 (ρ) * 9.8 (g) [ 0.00000001(α) + 0.17 (porosity coefficient) * 0.000000196 (β)] = 0․0006

Elastic Water
Yield
Coefficient
0.0092
0.0064

** 1000 (ρ) * 9.8 (g) [ 0.00000001(α) + 0.28 (porosity coefficient) * 0.00000001(β)] = 0․0001
The values of ρ, α, and β were selected from relevant literature [18, 20, 22, 24, 25, 33, 34].

Next, the values of the volumetric and elastic reserves in the groundwater basin aquifers were
estimated (Tables 9 and 10).
Table 9: Volumetric Reserves of the Confined Aquifers in the Ararat Valley Groundwater Basin

Surface Area of
the WaterBearing Unit (m2)
2. Gravel
1,094,595,300.00
4. Gravel
1,099,067,400.00
6. Fractured basalt 1,176,011,390.21
Hydrogeologic
Unit # and Rock

Average
Thickness
(m)
5.27
15.29
64.32

Gravitational
Water Yield
Coefficient
0.25
0.16
0.13

Elastic Water
Yield
Coefficient
0.0092
0.0064
Total:

Volumetric
Reserves
(million m3)
1,442․13
154․60
484․10
2,080․83

Table 10: Elastic Reserves of the Confined Aquifers in the Ararat Valley Groundwater Basin

Hydrogeologic Unit
# and Rock
4. Gravel
6. Fractured basalt

Total Pore Volume of
Water-Bearing Unit
(m3)
1,099,067,400.00
1,176,011,390.21

Piezometric
Head (m)

Elastic Water
Yield Coefficient

36.80
67.20

0.0092
0.0064
Total:

Elastic
Groundwater
Reserves (million
m3)
372․10
505․78
877․88

Thus, the total natural groundwater reserves (storage) in the Ararat Valley are estimated at 2,958.71
million m3, of which 1,442․13 million m3 are in the unconfined aquifer, 526.70 million m3 in the first
confined aquifer, and 989.88 million m3 in the second confined aquifer (Table 11).
Table 11: Natural Groundwater Reserves (Storage) in the Ararat Valley Groundwater Basin

Hydrogeologic Unit
2. Gravel (unconfined)
4. Gravel (first confined aquifer)
6. Fractured basalt (second confined aquifer)
Total:

Volumetric
Reserves
(million m3)
1,442․13
154․60
484․10
2,080․83

Elastic Reserves
(million m3)

Natural Reserves
(million m3)

372․10
505․78
877․88

1,442․13
526․70
989․88
2,958․71

5.2.3. Natural Groundwater Resources Recharging the Ararat Valley Groundwater Basin
The value of natural groundwater resources or recharge rate (Qnat.) was determined using the
following formula and the methodology provided in Annex 2:
Qnat = GWin_actual + Qadd

28

According to the Ararat Valley 2016 water supply and demand balance, the actual groundwater inflow
into the basin amounted to 1,341.53 million m3.
Artificial (additional) resources in the Ararat Valley (Qadd.) in 2016 amounted to 149.03 million m3. This
value was calculated based on the values of infiltration from water use, ponds, canals, and the collectordrainage network, using the soil infiltration coefficients available in the literature [6, 15, 27] as follows:
• Water use for irrigation (10 percent): 48.50 million m3
• Water use for drinking-household water supply (5 percent): 13.10 million m3
• Water use for fishery (4 percent): 31.36 million m3
• Water use for industrial purpose (10 percent): 2.54 million m3
• Ponds (10 percent): 4.78 million m3
• Canals (5 percent): 25.62 million m3
• Collector-drainage network (5 percent): 23.13 million m3
Thus, the total natural groundwater resources that recharged the Ararat Valley groundwater basin (Qnat)
in 2016 amounted to 1,490.55 million m3, which is equal to 4.08 million m3/day, 47.26 m3/second.
5.2.4. Total Usable Groundwater Resources (Sustainable Rate of Groundwater Use) in the
Ararat Valley Groundwater Basin
The total usable groundwater resources in the Ararat Valley groundwater basin were estimated using
the following formula and the methodology provided in Annex 2:

Qusable = Qnat · α + (Vnat/τ) · α 1
•
•
•
•
•

Natural groundwater resources recharging the groundwater basin (Qnat.) in 2016 amounted to
1,490․55 million m3/year or 40.8 million m3/day.
Natural groundwater reserves/storage (Vnat.) amounted to 2,958.71 million m3.
The value of 10,000 days was used as the exploitation period (τ), based on a literature review of
international experience [16, 18, 39].
The value of 0.6 was used as the coefficient of exploitation (α) of natural groundwater resources
(recharge), based on a literature review of international experience [16,18, 22, 23, 33, 34, 39].
The value of 0.3 was used as the coefficient of exploitation (α) of natural groundwater reserves,
based on a literature review of international experience [16,18, 22, 23, 33, 34, 39].

Table 12 summarizes the estimates of the Ararat Valley 2016 total usable groundwater resources.
Table 12: Estimation of Total Usable Groundwater Resources in the Ararat Valley Groundwater
Basin for 2016

Parameter
Natural groundwater resources recharging the basin
Natural groundwater reserves
Exploitation period
Coefficient of exploitation of natural groundwater resources
Coefficient of exploitation of natural groundwater reserves
Total usable groundwater resources or sustainable rate
of groundwater use

Value
1,490.55 million m3/year
equivalent to 4.08 million m3/day
47.26 m3/second
2,958.71 million m3
10,000 days
0.6
0.3
926.73 million m3/year
equivalent to 29.39 m3/second

29

6. CLIMATE CHANGE IMPACT ON THE ARARAT VALLEY
Assessment of the climate change impact for the Ararat Valley was performed using the methodology
and analytic tools summarized in Annex 3 of this report and presented in the ASPIRED Project report
on Climate Change Analysis for the Ararat Valley [11]. This chapter presents the results of the
assessment of climate change historic trends and projections for the Ararat Valley.

6.1. Historic Trends
Climate change impact studies for Armenia demonstrate that the Ararat Valley is highly vulnerable to
climatic changes relative to other regions of Armenia. Tables 13–15 present annual values of main climatic
elements in the representative meteorological and hydrological observation posts for the Ararat Valley
during the analysis period of 1991–2016, compared with values of climatic elements for the established
baseline period of 1961–1990.
Table 13: Changes in Annual Temperature (T) at the Meteorological Stations in the Ararat Valley

Meteorological Station
Ararat
Armavir
Artashat
Yerevan Agro

1961–1990
Average Annual
T,
°C

1991–2016
Average Annual
T,
°C

12.4
11.5
11.9
11.4

12.9
12.0
12.5
12.3

Deviation
Average Annual T
°C

%

0.5
0.5
0.6
0.8

4.3
4.4
5.2
7.4

Average annual temperature in the Ararat Valley for 1991–2016 rose by 0.6°C, compared with the
average temperature for the 1961–1990 baseline period.
Table 14: Changes in Annual Precipitation (P) at the Meteorological Stations in the Ararat Valley

Meteorological Station
Ararat
Armavir
Artashat
Yerevan Agro

1961–1990

1991–2016

Deviation

Average Annual P
(mm)

Average Annual P
(mm)

Average Annual P
mm
%

235.7
248.3
241.6
302.1

230.7
268.8
246.1
321.0

-5.1
20.5
4.5
19.0

-2.1
8.2
1.8
6.3

Average annual precipitation in the Ararat Valley for 1991–2016 rose by 9.7 mm, compared with the
average annual precipitation for the 1961–1990 baseline period.
Table 15: Changes in Average Annual Volume of Natural Surface Flow in the Studied Hydrologic
Observation Posts in the Ararat Valley

Hydrologic Observation
Post
Vedi-Urtsadzor
Azat-Garni
Hrazdan-Yerevan
Qasakh-Ashtarak
Sevjur-Taronik
Total annual surface flow

1961–1990
Average Annual Natural
Surface Flow
(million m3)

199—2016
Average Annual
Natural Surface Flow
(million m3)

61.8
146.7
596.7
222.9
631.7
1,659.9

49.9
139.0
595.3
202.8
526.5
1,513.5

Deviation
Average Annual
Natural Surface Flow
million m3
%
-12.0
-7.8
-1.5
-20.2
-105.1
-156.4

-19.4
-5.3
-0.2
-9.1
-16.6
-9.4
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Between 1991 and 2016, the annual average value of natural surface inflow to the Ararat Valley declined
by 156.4 million m3, compared with the average annual natural surface flow for the 1961–1990 baseline
period.

6.2. Projections
The latest assessments of climate change impact in Armenia used the Community Climate System Model
(CCSM4) and Mesoscale Transport and Stream (METRAS) models in accordance with the
Intergovernmental Panel on Climate Change (IPCC)–recommended RCP 6.0 and RCP 8.5 scenarios for
CO2 emissions. According to the RCP 6.0 scenario (equivalent to the B2 scenario of the IPCC Special
Report on Emission Scenarios), which assumes implementation of mitigation measures, the CO2
concentration will be 670 parts per million (ppm) by 2100. According to the RCP 8.5 scenario (equivalent
to the A2 scenario of the IPCC Special Report on Emission Scenarios), which assumes continuation of
current trends and human economic behavior with no mitigation measures, the CO 2 concentration will
be 936 ppm.
Projections of changes in air temperature and precipitation in the Ararat Valley for 2011–2040, 2041–
2070, and 2071–2100 compared with the baseline period of 1961–1990 were developed for the RCP 6.0
scenario of the IPCC, using the CCSM4 model, and for the RCP 8.5 scenario, using both the CCSM4 and
the METRAS models (Tables 16 and 17).
Table 16: Projected Changes in Average Annual Air Temperature in the Ararat Valley

Time Period
By 2040
By 2070
By 2100

Deviation of the Average
Annual Air Temperature, °C
RCP6.0 Scenario
CCSM4 Model
+ 1.7
+ 2.3
+ 3.1

Deviation of the Average Annual
Air Temperature, °C
RCP8.5 Scenario
CCSM4 Model
METRAS Model
+ 1.8
+ 3.2
+ 4.7

+ 1.4
+ 3.1
+ 4.5

Table 17: Projected Changes in Annual Precipitation in the Ararat Valley*

Time Period

By 2040
By 2070

Deviation of the Average
Annual Precipitation (mm)
RCP6.0 Scenario
CCSM4 Model
+ 18․9
+ 13.0 (- 5.9 mm compared
with the value for 2040)

Deviation of the Average
Annual Precipitation (mm)
RCP8.5 Scenario
CCSM4 Model
METRAS Model
+ 6․9

- 2․7

+ 30.7

- 5․4

+ 4․0 (- 26.7 mm compared with
- 8․3
the value for 2070)
* Considering significant uncertainties in the global CCSM4 model for assessing projected values of precipitation
that were revealed in preparing Armenia’s Third National Communication on Climate Change, the findings on
projected changes in precipitation have limitations and should be considered with some caution.

By 2100

+ 22․00

According to the projections of temperature and precipitation change in the Ararat Valley, under the
RCP8.5 worst-case scenario, the average annual temperature in the study area will likely rise by 1.8°C
by 2040, 3.2°C by 2070, and 4.7°C by 2100, compared with the baseline period (CCSM4 model). The
average annual precipitation according to the RCP8.5 scenario is projected to decline by 2.7 mm by 2040,
5.4 mm by 2070, and 8.3 mm by 2100, compared with the baseline period (METRAS model).
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Analysis of projected values of natural surface flow demonstrates that under the RCP 6.0 scenario
(CCSM4 model), the average annual surface inflow to the Ararat Valley will decline by 10.1 million m3 by
2040, 20.9 million m3 by 2070, and 27.4 million m3 by 2100. Under the RCP 8.5 scenario, using the CCSM4
model, the average annual surface inflow will decline by 20.5 by 2040, 21.3 by 2070, and 60.2 million m3
by 2100; using the METRAS model, the average annual surface inflow is projected to decline, respectively,
by 32.2 million m3, 65.3 million m3, and 95.7 million m3 (Table 18).
Table 18: Projected Changes in Average Annual Surface Natural Flow in the Studied Hydrologic
Observation Posts in the Ararat Valley

Surface Flow Volume (million m3)
Hydrologic
Observation
Post

Baseline
Period
1961–
1990

Analysis
Period
1991–
2016

2011–
2040

2041–
2070

2071–
2100

Vedi-Urtsadzor

61.8

49.9

70.6

72.0

76.0

69.1

77.8

79.2

64.4

68.0

70.9

Azat-Garni
HrazdanYerevan
QasakhAshtarak
Sevjur-Taronik
Total Surface
Inflow

146.7

139.0

159.1

162.7

168.5

158.8

169.8

177.3

154.2

164.0

171.5

596.7

595.4

586.6

580.6

574.6

582.6

576.6

558.5

580.6

564.5

550.5

222.9

202.8

214.2

209.1

205.0

211.1

206.0

188.7

209.1

192.8

178.5

631.7

526.5

619.3

614.6

608.4

617.8

608.4

595.9

619.3

605.3

592.8

1659.9

1513.5

1649.8

1639.0

1632.5

1639.4

1638.6

1599.7

1627.7

1594.6

1564.2

RCP6.0 (CCSM4)

RCP8.5 (CCSM4)

RCP8.5 (METRAS)

2011– 2041– 2071– 2011– 2041– 2071–
2040 2070 2100 2040 2070 2100

Climate change impact analysis results indicate that the Ararat Valley is highly likely to suffer from more
frequent heat waves, prolonged droughts, and early frosts, leading to more intensified desertification.
Figures 18–21 present the projected values of the natural surface flow (inflow into the Ararat Valley)
obtained by running the DSS Climate Change Model. The values have been converted from millimeters to
million cubic meters for better presentation.

Figure 18: Comparison of the Projected Values of Natural Surface Flow (Inflow to the Ararat Valley)
with the Baseline Period (1961–1990) and Analysis Period (1991–2016) Values, IPCC RCP 6.0 scenario
(CCSM4 Model) (Source: USAID ASPIRED Ararat Valley Atlas)
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Figure 19: Comparison of the Projected Values of Natural Surface Flow (Inflow to the Ararat Valley)
with the Baseline Period (1961–1990) and Analysis Period (1991–2016) Values, IPCC RCP 8.5 scenario
(CCSM4 Model) (Source: USAID ASPIRED Ararat Valley Atlas)

Figure 20: Comparison of the Projected Values of Natural Surface Flow (Inflow to the Ararat Valley)
with the Baseline Period (1961–1990) and Analysis Period (1991–2016) Values, IPCC RCP 8.5 scenario
(METRAS Model) (Source: USAID ASPIRED Ararat Valley Atlas)

Figure 21: Observed and Projected Values of Annual Natural Surface Inflow to the Ararat
Valley with Application of Various Scenarios (Source: USAID ASPIRED Ararat Valley Atlas)
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As the figures illustrate, the decline in natural surface inflow during the analysis period (1991–2016) is
higher than the projected decline estimated using IPCC climate change scenarios.
The decline in surface flow and precipitation combined with the rise in evapotranspiration will likely lead
to changes in water requirements for agriculture. According to studies conducted by the World Bank in
2014 on building climate change resilience in South Caucasus agriculture, crop water requirements for
winter wheat and vegetables grown in the Ararat Valley are predicted to grow by 9–15 percent and by
10–17 percent, respectively, between 2011 and 2040 and by 19–22 percent and 19–23 percent,
respectively, by 2100, compared with the baseline period. Irrigation water requirements are projected to
grow by 35–36 percent and 38–42 percent for winter wheat and vegetables, respectively, by the end of
the century.
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7. STUDY LIMITATIONS
In conducting this work, ASPIRED faced several limitations in data availability, accessibility, and accuracy.
•

Lack of availability and access to data for part of the Ararat Valley. The Araks River
divides the Ararat Valley into two sides: the right-bank side in Turkey and the left-bank side in the
Republic of Armenia. Although the ASPIRED team was able to calculate the water balance for the
left side of the Ararat Valley, which is in the territory of the Republic of Armenia, the team could
not estimate the water balance for the part of the Ararat Valley in Turkey because of limited data.
Particularly, the team did not include data on the Igdir region in Turkey in calculating the water
balance and water supply and demand balance because of the lack of data on precipitation,
evapotranspiration, river flow, and water use, as these are not publicly available. However, in the
calculations of the water balance of the Ararat Valley catchment area river basins, ASPIRED used
data from hydrological observation posts in Kars river basin from the website of the General
Directorate of State Hydraulic Works of Turkey (URL: https://en.dsi.gov.tr), as well as the
meteorological data from the website of the Turkish State Meteorological Service (URL:
https://mgm.gov.tr).

•

Lack of hydrological observation posts on the sections of the rivers at the boundary of the
Ararat Valley, which could be used to determine surface water inflow and outflow at the Valley.
To cover this gap, the ASPIRED team applied alternative calculation techniques, such as ArcGIS
spatial analysis tools, high-resolution satellite imagery analysis, and data interpolation
methodologies under a GIS environment.

•

Lack of data on actual volumes of water use and water discharge in the Ararat Valley
and its catchment area. To cover this gap for groundwater resources, ASPIRED supported
implementation of the inventory of groundwater wells, natural springs, and fish farms in the Ararat
Valley in 2016. However, this one-time data collection was not sufficient for analysis of
groundwater condition trends.

•

Inaccuracies in water use permit data. The ASPIRED team used the ME SWCIS Data
Warehouse water use permit database to conduct analyses of surface water use and wastewater
discharge in the Ararat Valley and its catchment area. The following key flaws were identified while
working with the database: (1) gaps in data describing the geographic coordinates of water
abstraction and water discharge points; (2) errors in presentation of data on permitted volumes
of water use and water discharge; and (3) inconsistencies in presentation of daily, monthly, and
annual volumes of permitted volumes of water use and water discharge.

•

Limited data for converting the values of the measured actual flows to natural
discharge. Because of the lack of reliable datasets on actual water abstraction volumes, the
natural surface flow was estimated using data from water use permits from the ME SWCIS Data
Warehouse, which do not reflect the actual volumes of water abstraction and discharge in the
study area, affecting the calculations’ accuracy.

•

Lack of data on measured coefficients for groundwater infiltration and water yield for
estimation of values of groundwater reserves, natural groundwater resources recharging the
groundwater basin, and usable groundwater resources in the Ararat Valley. To cover this gap, the
ASPIRED team, in collaboration with ME Hydrometeorology and Monitoring Center specialists,
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selected and applied the average coefficients from the literature, which are adapted to the Valley’s
conditions.
•

Lack of comprehensive monitoring data from the Ararat Valley groundwater basin
feeding zone to accurately estimate the value of groundwater resources recharging the
groundwater basin.

Given these limitations, the level of accuracy of the calculated values of water balance and water supply
and demand balance, as well as values of groundwater reserves (storage), groundwater recharge, and total
usable groundwater resources, stands at up to 15 percent, according to the ASPIRED team. Nevertheless,
the experts believe that the estimated values are a good starting point for continuous refinement of the
models and calculations using improved data sets, including those from the field surveys.
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8. SUMMARY OF FINDINGS
According to the outputs of 3D modeling of the Ararat Valley groundwater basin and simulation results
of groundwater flow model, the total natural groundwater reserves (storage) in the Ararat Valley were
estimated at 2,958.71 million m3, of which 1,442․13 million m3 are in the unconfined aquifer, 526.70
million m3 in the first confined aquifer, and 989.88 million m3 in the second confined aquifer.
In 2016, the recharge rate of Ararat Valley aquifers was estimated at 47.26 m3/second, which amounts
to the recharge of 1,490.55 million m3 annually.
The value of total usable groundwater resources in the Ararat Valley for 2016 was estimated at 926.73
million m3 (equivalent to 29.39 m3/second) (Figure 22).

Figure 22: Annual Value of Sustainable Rate of Groundwater Abstraction in the Ararat Valley as
Approved in 1984 and estimated in 2016 (Source: USAID CEWP and ASPIRED Project)

The estimated values of the Ararat Valley 2016 water supply and demand balance components
demonstrate a significant water deficit in the study area due to intensive human activity in the Ararat
Valley and its catchment area. The negative difference between water availability and water demand in the
Ararat Valley for 2016 amounted to 1,120.46 million m3 (see Table 4).
According to 2016 field inventory data, the actual volume of groundwater abstraction in the Ararat Valley
for various purposes was 1,608.07 million m3, and the annual value of sustainable groundwater use for
the same period was estimated at 926.73 million m3. The estimated overuse of groundwater resources
in the Ararat Valley in 2016 was 681.34 million m3.
Analysis of projected values of natural surface flow demonstrates that under the RCP 6.0 scenario (CCSM4
model), the average annual surface inflow to the Ararat Valley will decline by 10.1 million m3 by 2040, 20.9
million m3 by 2070, and 27.4 million m3 by 2100. Under the RCP 8.5 scenario, using the CCSM4 model,
the average annual surface inflow will decline by 20.5 by 2040, 21.3 by 2070, and 60.2 million m3 by 2100;
using the METRAS model, the average annual surface inflow will decline, respectively, by 32.2 million m3,
65.3 million m3, and 95.7 million m3.
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9. RECOMMENDATIONS FOR SUSTAINABLE MANAGEMENT OF
GROUNDWATER RESOURCRES IN THE ARARAT VALLEY
This chapter provides recommendations to support the decision-making process for sustainable
management of groundwater resources in the Ararat Valley. The recommendations are based on the
values of natural groundwater reserves (storage), natural groundwater resources recharging the
groundwater basin and total usable groundwater resources that were estimated in this study using data
for year 2016. The key recommendations are aimed at maintaining the estimated value of the total usable
groundwater resources in the Ararat Valley and providing for full accounting of surface water and
groundwater resources and their use.
1. The key recommendation is to reduce the annual volume of groundwater abstraction in
the Ararat Valley to the level of total usable (exploitable) groundwater resources, estimated
at 926.73 million m3/year. The estimated value of total usable groundwater resources in the Ararat
Valley for 2016 is estimated at 926.73 million m3 (equivalent to 29.39 m3/second) - more than 15
percent less than the annual volume of sustainable groundwater abstraction of 1,094.4 million m3
approved for the Ararat Valley by the State Commission on Reserves in 1984 and legislated through the
Republic of Armenia Law on the National Water Program in 2015, which has so far provided the basis for
issuing groundwater use permits in the Valley.
According to 2016 field inventory data, the actual volume of groundwater abstraction in the Ararat Valley
for various purposes was 1,608.07 million m3, which was distributed according to the basin management
areas (BMAs) within the Valley’s borders as follows:
• Akhuryan BMA: 417.3 million m3/year
• Hrazdan BMA: 1,058.0 million m3/year
• Ararat BMA: 132.8 million m3/year
Given the estimated value of total usable groundwater resources in the Ararat Valley groundwater basin
for 2016 (926.73 million m3), the overuse of groundwater resources in the Ararat Valley in 2016
amounted to 681.34 million m3.
The following is the recommended approach to reduce the volume of groundwater abstraction in the
Ararat Valley to an estimated 926.73 million m3/year of total usable groundwater resources per BMA,
as well as the impact of reduced groundwater abstraction on piezometric heads in the first and second
confined aquifers of the groundwater basin. The team assessed the impacts using the groundwater flow
model created in the MODFLOW tool of the GMS groundwater modeling software package. Details of
the analyses are provided in Annex 4.
To maintain the sustainable rate of groundwater abstraction in the Ararat Valley and eliminate overuse of
groundwater resources, the volume of total groundwater abstraction in the BMAs should be reduced as
follows:
• Akhuryan BMA: by 30 percent or 125.19 million m3/year
• Hrazdan BMA: by 50 percent or 529.0 million m3/year
• Ararat BMA: by 20 percent or 26.56 million m3/year
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Results of the model testing with the reduced annual volumes of total groundwater abstraction (other
parameters remaining unchanged) demonstrated the following changes in piezometric heads in the
confined aquifers in long-term perspective (20 or more years):
•

The piezometric head in the first confined aquifer will increase by 1.10 meters on average,
compared with the situation in 2016 (Figure 23).

Figure 23: Difference in Piezometric Heads in the First Confined Aquifer of the Ararat Valley with
Total Annual Groundwater Abstraction of 926.73 million m3 (Source: ASPIRED Project)

•

The piezometric head in the second confined aquifer will increase by 1.14 meters on average,
compared with the situation in 2016 (Figure 24).

Figure 24: Difference in Piezometric Heads in the Second Confined Aquifer of the Ararat Valley with
Total Annual Groundwater Abstraction of 926.73 million m3 (Source: ASPIRED Project)
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The increase of piezometric heads observed in the Ararat Valley groundwater basin with total annual
groundwater abstraction of 926.73 million m3 is uneven in both the first and the second confined aquifers.
Greater changes occur in the central part of the Ararat Valley, mostly in its northern part. Moderate
changes occur in the area between the Azat and Vedi Rivers, as well as in the western part of the Valley.
In the other sections of the Valley, changes in piezometric heads are below average.
The results show that the piezometric heads in the aquifers stabilize and gradually increase when the total
groundwater abstraction volume in the Valley is maintained at the estimated 926.73 million m3/year of
total usable groundwater resources.
The following measures will support reducing the annual volume of groundwater abstraction in the Ararat
Valley to the level of total usable groundwater resources of 926.73 million m3/year.
1.1 Reuse water from Ararat Valley fisheries for irrigation. In 2016, groundwater use in the Ararat
Valley for fish farming amounted to 809.0 million m3. In the same period, the total volume of water
removed from the fisheries into surface flows was estimated at 756․4 million m3, including 433․0 million
m3 removed to the collector-drainage network and 323․4 million m3 to the Hrazdan and Metsamor Rivers.
Based on the 2016 field inventory data on wells and fish farms, results of analysis of cartographic materials
on arable lands in the Ararat Valley (both irrigated and non-irrigated), and other data, about 350 million
m3 of water removed from the fisheries annually could be reused for irrigation,5 as described below.
•

It is possible to provide about 95 million m3 of water for irrigation from the fisheries that
remove water to the Hrazdan River at the sites where the absolute altitude is 830 meters. This
water could be used to irrigate the arable lands of Masis, Mkhchyan, Hovtashat, Arevabuyr, and
Araksavan communities by gravity.

•

It is possible to provide about 25 million m3 of water for irrigation from the fisheries that
remove water to the Metsamor River at the sites where the absolute altitude is 830 meters (near
Ranchpar community). This water could be used to irrigate the arable lands of Ranchpar, Sis, and
Noramarg communities and arable lands that extend to the border.

•

It is possible to provide about 230 million m3 of water for irrigation from the fisheries that
remove water to the collector-drainage system, particularly from the sites on the Hrazdan-Araks
collector, to irrigate the arable lands of Araksavan, Noyakert community, and the lands located
between the Hrazdan-Araks collector and the Yerevan-Ararat main road. For most of these
arable lands, water could be provided by gravity; in some areas, it would require pumping to up
to 20 meters.
According to information provided by the ME [40], about 45 million m3 of the total estimated
230 million m3 of water removed from the fisheries to the collector-drainage network could be
used for irrigation from the Hrazdan-Araks collector using the current infrastructure, such as
pumping stations and the water distribution network. In particular, about 15 million m3 could be
pumped from the Hrazdan-Araks collector using the Ranchpar-Arevshat pumping station and 30
million m3 using the Mkhchyan pumping station.

If the volume of groundwater abstraction for fish farming in the Ararat Valley is reduced by an average of
40 percent, about 210.0 million m3 of water removed from the fish farms to the surface flows could be
5

ASPIRED implemented pilot projects on reuse of water removed from fish farms for irrigation of arable lands in
Hayanist and Sayat-Nova communities. Description of these projects is available on the project webpage:
http://www.aspired.wadi-mea.com/.

40

reused for irrigation, including 138․0 million m3 removed to the collector-drainage network and 72 million
m3 to the Hrazdan and Metsamor Rivers.
Implementation of this measure will not require significant capital investment but will enable reduction of
water abstraction from operational groundwater wells and surface water resources. According to 2016
field inventory data, more than 100 wells were used for irrigation in the above-described communities.
Implementation of this measure will also enable reduction of water intake from Lake Sevan for irrigation
in the Ararat Valley.
1.2 Repair traditional irrigation systems fed from groundwater sources, replace open secondary
and tertiary distribution networks with piped network, and install drip irrigation systems. According
to GOAM Decision N: 39-L, dated January 17, 2019, on approving the Concept of Introducing WaterSaving Technologies and Program of Measures for the Concept Implementation, water losses in the
irrigation system amount to 50 percent on average. Enhancing the irrigation network and installing drip
irrigation systems will result in significant water savings, more effective use of fertilizers, reduced energy
and labor costs, and so forth. Introducing this system will result in loss-free water transfer and water
savings compared with surface irrigation as water filtration and evaporation losses will decline.
Implementing this measure will reduce groundwater abstraction by 30–60 percent.
1.3 Use valves to regulate the flow of wells used for irrigation. According to 2016 field inventory data,
44 self-flowing wells used for irrigation had no valves to regulate flow during the irrigation off-season. The
total discharge of these wells was 357.7 liters per second. Despite the measures implemented by GOAM
in 2016–2020 on permanent sealing and temporary closure of wells, many self-flowing wells still lack valves
to regulate the flow. This results in significant groundwater losses during the irrigation off-season.6
1.4 Apply water recirculation systems in fish farms (recirculating aquaculture systems). According
to 2016 field inventory data, about 50 percent of abstracted groundwater was used for fish farming.
Applying water recirculation systems in the fish farms will reduce groundwater abstraction by 30–65
percent, at the same time maintaining or increasing volumes of fish production.
1.5 Repair drinking water supply systems. According to data of the Ministry of Territorial
Administration, water losses in drinking water supply systems in the communities of Ararat and Armavir
Marzes is about 78%. Improvement of the water supply systems in the Ararat Valley will result in significant
groundwater savings, and reliable and safe drinking water supply to the residents7.
In addition, it is recommended to implement the following measures for data-driven and accountable
allocation and sustainable management of water resources in the Ararat Valley.
2. Fully account for use of surface water and groundwater resources and water discharge in
the Ararat Valley. Despite the measures implemented by GOAM in 2016–2020 to improve the
accounting of water resource use, many legal and physical entities still implement water use and water
discharge without a permit for water use or a reference on free water use (a water use that does not

6

The USAID ASPIRED Project implemented pilot projects in Sipanik and Hovtashat communities on optimizing the
use of community-owned groundwater wells for irrigation. Description of these projects is available on the project
webpage (URL: http://www.aspired.wadi-mea.com).
7
The USAID ASPIRED Project implemented pilot projects in Aratashen, Yeghegnut and Sardarapat communities on
improving efficiency of water supply system. Description of these projects is available on the project webpage (URL:
http://www.aspired.wadi-mea.com).
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require a permit). The following measures are proposed to improve accounting of the use of groundwater
and surface water resources and water discharge:
•

•

Regularly update the database on inventory of groundwater wells, natural springs, and fish farms
in the Ararat Valley from 2016 with data available in the ME. This includes data for 2017–2020 on
permanent sealing and temporary closure of wells, monitoring of water use in the fish farms,
volumes of permitted volumes of groundwater use allocated to the water users by new and
revised water use permits, field data recorded by the BMAs, and so forth.
Create a similar database for water use from surface water resources and water discharge.

3. Correct inaccuracies in data on water use permits issued for use of groundwater and
surface water resources and water discharge. At present, the ME SWCIS Data Warehouse database
on water use permits has several shortcomings. To fill the data gaps, the following measures are proposed:
•

•

If the water use permit involves more than one water abstraction and water discharge point, the
permit shall include geographic coordinates and permitted volume for each water abstraction and
water discharge point and not the total volume. This will provide data for conducting more
accurate analyses of water use and water discharge, including spatial, to support decision-making
processes on water allocation and conservation. Implementation of this measure may require
changes in procedures for receiving water use permits, as defined by the legislation of Armenia.
Correct discrepancies in the water use permit database among the daily, monthly, and annual
volumes of permitted water abstraction and water discharge data.

4. Eliminate gaps in data on actual volumes of water use from surface water and
groundwater resources and water discharge in the Ararat Valley. At present, the reports
submitted to the state-authorized body on actual volumes of water use and water discharge by legal and
physical entities provide one total volume for water use and water discharge, and the reports are marked
with the entity’s registration code, which is not linked to the water use permit. The reports on actual
volumes of water use and wastewater discharge will include measured volumes of water abstraction and
water discharge for each water use and water discharge point. This will enable creation of better links
between the database on water use permits and reported actual water use and water discharge, as well
as accurate analyses of water resource use. Implementation of this measure requires changes in
procedures for reporting on actual volumes of water use and water discharge, as defined by the legislation
of Armenia.
It is also recommended introducing real-time monitoring of groundwater abstraction in the Ararat Valley,
using the supervisory control and data acquisition (SCADA) system. According to 2016 inventory data,
large and mid-size water users contribute significantly to groundwater abstraction in the Ararat Valley.
The following stepwise approach for implementing this recommendation is proposed:
•

Step 1: Require large water users abstracting 501 liters per second and more of groundwater
for fish farming and irrigation to equip the groundwater wells with flow meters and data loggers
allowing real-time, online monitoring of groundwater abstraction through the SCADA system.

•

Step 2: After completing implementation of Step 1, require mid-size water users abstracting from
250 to 500 liters per second of groundwater for fish farming and irrigation to equip the
42

groundwater wells with flow meters and data loggers allowing real-time, online monitoring of
groundwater abstraction through the SCADA system.
5. Update decision support tools for the Ararat Valley with 2017–2021 data and further
update the tools, analyses and assessments at least every 3 years and before large-scale
water allocations to support decision making on groundwater and surface water resource
management.
6. Extend the groundwater monitoring network in the Ararat Valley. Currently, there are
48 groundwater monitoring points in the Ararat Valley, including 40 wells (18 self-flowing and 22 nonflowing wells) and eight natural springs (Figure 25). Groundwater monitoring wells are distributed
unevenly in the Ararat Valley. Most of the points are in the central part—the Valley’s pressure zone—and
the southeastern parts. The eastern part of the Valley has only two groundwater monitoring points. There
are no monitoring wells at the border sections, where groundwater enters the groundwater basin from
the catchment area.
Values of piezometric heads and water levels measured in the monitoring network are used to test the
groundwater flow model for the Ararat Valley. Hence, a groundwater monitoring network with evenly
distributed monitoring points in the study area is very important to enhance the model’s level of calibration
and model output accuracy.
It is recommended adding 12 new groundwater monitoring points in the eastern part of the Ararat Valley
groundwater basin, as well as in the sections where groundwater enters the groundwater basin from its
catchment area (Figure 25). Piezometric heads and water quality in the first and second confined aquifers
will be monitored. Implementation of this measure will provide more complete data on groundwater
quantity and quality in all five hydrogeological structures of the Ararat Valley groundwater basin.

Figure 25: Current and Recommended Groundwater Monitoring Networks in the Ararat Valley
(Source: ASPIRED Project)
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10. CONCLUSIONS
Based on the findings of the ASPIRED studies, the value of total usable groundwater resources in the
Ararat Valley estimated for 2016 in 926.73 million m3 (equivalent to 29.39 m3/second) is 15 percent
less than the annual volume of sustainable groundwater abstraction of 1,094.4 million m3 for the Ararat
Valley approved by the State Commission on Reserves in 1984 and legislated through the Republic of
Armenia Law on the National Water Program in 2015.
According to groundwater flow model simulation results, if the groundwater use in the Ararat Valley
continues as in 2016, piezometric heads will continue declining both in the first and the second confined
aquifers of the groundwater basin. Significant decline will occur in the western and northern parts of the
valley, and in the area between the Azat and Vedi Rivers. Piezometric heads will also decline in the central
part of the Ararat Valley, leading to further shrinking of the pressure zone boundaries and bigger water
shortages for drinking, irrigation, fish farming, and for the Armenia nuclear power plant.
The groundwater overuse in the Ararat Valley in 2016 amounting to 681.34 million m3 and the remaining
water deficit in 439.12 million m3 shall be mitigated by regulating the water use in the Ararat Valley itself
and its catchment area, according to the Government of Armenia Decision N: 39-L, dated January 17,
2019, on approving the Concept of Introducing Water Saving Technologies and Program of Measures for
the Concept Implementation and other legal acts, as well as recommendations provided in this report.
Regulating water use in the upstream sections of the Ararat Valley catchment area river basins and within
the Ararat Valley will also help maintain the estimated values of ecological flow in the selected hydrologic
observation posts and representative sites of the Ararat Valley, as presented in Chapter 4.
According to expert opinion, the projected climate change impacts on natural surface flows in the Ararat
Valley catchment area will likely result in reduced groundwater inflow to the Ararat Valley groundwater
basin by up to 1 percent by 2040 (RCP6.0 scenario) and up to 2 percent by 2040 (RCP8.5 scenario). These
figures shall be considered in setting the annual value of sustainable groundwater use for the Ararat Valley
in the GOAM’s new policy and other legal acts.
Implementation of the recommendations provided to the GOAM in this report will ensure maintaining
the annual volume of groundwater abstraction in the Ararat Valley to the level of total usable (exploitable)
groundwater resources, estimated at 926.73 million m3/year, and data-driven and accountable
allocation and sustainable management of water resources in the Ararat Valley. It will help easing the
pressure on Lake Sevan ecosystem through reduced water releases to cover water deficit in the Ararat
Valley. It will help easing the pressure on Lake Sevan ecosystem through reduced water releases to cover
water deficit in the Ararat Valley.
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ANNEX 1: METHODOLOGY FOR CALCULATING THE ARARAT
VALLEY WATER SUPPLY AND DEMAND BALANCE
Calculation of the 2016 Ararat Valley water supply and demand balance is based on the annual values of
precipitation, evapotranspiration, natural and actual surface and groundwater flow, transit inflow and
outflow, and water use, including water abstraction and water return [28, 29 30 31].
The Ararat Valley water supply and demand balance is calculated through the following equation:
P + GWin_ actual + SWin_actual + Tin + Yreturn =EТ+ GWout+ SWout_actual + Tout+ Yabst ± ΔS,
The left side of the equation contains the following:
P: annual value of precipitation
GWin actual : annual value of actual groundwater inflow
SWin actual: annual value of actual surface water inflow
Tin: annual value of transit inflow into the valley
Yreturn: annual total volume of water return from the water use in the valley
The right side of the equation contains the following:
EТ: annual value of evapotranspiration
GWout:annual value of natural groundwater outflow
SWout_ actual: annual value of actual surface water outflow
T out: annual value of transit outflow from valley
Yabst: annual total volume of water abstraction in the valley
ΔS: difference of water supply and water demand in the Ararat Valley showing either the water surplus (if
a positive) or the water deficit (if negative)
The unit of measurement for all the water supply and demand balance components is a cubic meter (m3).
The annual precipitation (P), annual evaporation (ET), and natural groundwater outflow (GWout) values
are determined in the Ararat Valley 2016 water balance [3].
The value of annual actual groundwater inflow (GWin_actual) is calculated through the following formula:
GWin_actual = GWin_natural –GWuse

where:

GWin_natural is the annual value of natural groundwater inflow into the Ararat Valley from the Akhuryan,
Qasakh, Hrazdan, Azat, and Vedi River basins of the Ararat Valley catchment area, obtained during
calculation of the 2016 Ararat Valley water balance.
GWuse is the annual total groundwater use in the river basin areas upstream of the Ararat Valley.
The value of annual transit inflow to the valley (Tin) is determined based on the data received from the
ME SWCIS Data Warehouse and the Water Committee of Armenia, as the sum of the annual water
discharge values from (1) the Araks River through the Armavir Canal, (2) the Akhuryan River through the
Talin Canal, and (3) Lake Sevan.
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The value of the total volume of annual water return (Yreturn) from water use in the Valley is calculated as
the sum of the return flows from water use for drinking-household, industrial, irrigation, and fish farming
purposes. Based on the research carried out at the Institute of Water Problems and Hydro-Engineering
after I.V. Yeghiazarov, the following proportions of water return flow that remains within the Valley out
of total water abstraction are used:
• For irrigation: 20 percent
•

For drinking-household: 30 percent

•
•

For industrial purposes: 30 percent
For hydropower generation: 100 percent

•

For fish farming: 10 percent [6]

The value of annual actual surface water inflow (SWin_actual) into the Ararat Valley is the sum of annual
actual surface inflow from the river basins of the Ararat Valley catchment area and is calculated through
the following formula:
SWout_actual = SWout_actual_S + SWout_actual_H + SWout_actual_A + SWout_actual_V + SWout_actual_Val, where:
SWout_actual_S is the annual actual river flow measured at the Metsamor-Ranchpar hydrological post.
SWout_actual_H is the annual actual river flow measured at the Hrazdan-Masis hydrological post.
SWout_actual_A is the annual actual river flow calculated at the Azat River mouth.
SWout_actual_V is the annual actual river flow calculated at the Vedi River mouth.
SWout_actual_Val is the value of river flow generated in the Valley’s inter-basin areas calculated through the
precipitation-run-off curve during calculation of the 2016 water balance [3].
The value of annual transit outflow from the Valley (Tout) is determined based on the data received from
the Water Committee on total water discharge through the Araks-Hrazdan collector-drainage system in
2016.
The total annual volume of water abstraction in the Ararat Valley (Yabst) is calculated as the sum of water
abstraction volumes from surface water and groundwater resources. Data on surface water abstraction
were taken from the ME SWCIS Data Warehouse water use permit database. Data on groundwater
abstraction were taken from the database of the 2016 inventory of Ararat Valley groundwater wells.
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ANNEX 2: METHODOLOGY FOR ESTIMATING THE VALUES OF
ARARAT VALLEY NATURAL GROUNDWATER RESERVES,
NATURAL GROUNDWATER RECHARGE, AND TOTAL USABLE
GROUNDWATER RESOURCES
Natural groundwater reserves (storage) and usable (exploitable) groundwater resources in the Ararat
Valley groundwater basin were estimated through the balance method [16, 18, 32, 34, 39], applying the
following steps:
1. Identifying the main hydrogeologic units in the groundwater basin and determining their volumes
2. Calculating the values of natural groundwater reserves (storage) and elastic reserves
3. Calculating the value of natural groundwater resources (recharge)
4. Estimating the values of total usable groundwater resources in the groundwater basin
1. IDENTIFYING THE MAIN HYDROGEOLOGIC UNITS IN THE GROUNDWATER
BASIN AND CALCULATING THEIR VOLUMES
The lithologic model of the Ararat Valley groundwater basin was developed using data from the Ararat
Valley well inventory implemented through the ASPIRED Project in 2016 and based on the
Hydrogeological Framework developed in cooperation with USGS [1, 2]. The lithologic model included
the geographic coordinates of wells, altitude above sea level, stratigraphy (rock structure, thickness, and
depth), and geological structure of rocks. Based on these data, the main hydrogeologic units were
identified in the Ararat Valley groundwater basin and their thickness, surface areas, and volumes were
calculated. The 3D structure of the Ararat Valley groundwater basin was developed through the following
steps:
• Organizing the hydrogeologic data into a geospatial database
• Analyzing the wells’ stratigraphy and defining the main hydrogeologic units
• Creating a geodatabase on well locations and lithology within the AHGW tools
• Constructing the 3D images of wells
• Constructing the geo-rasters for the main hydrogeologic units
• Constructing the 2D cross-sections for the main hydrogeologic units
• Constructing the 3D model of the groundwater basin
• Calculating the total volumes for each main hydrogeologic unit
• Calculating the total pore volume of the water-bearing units of the Ararat Valley groundwater
basin
The total pore volume of the Ararat Valley groundwater basin (Vpore) is estimated using the following
formula, which was applied for each main hydrogeologic unit [16, 21, 36]:
Vpore = Vtotal· n
Vtotal is the total volume of the aquifer, m3.
n is the average total porosity coefficient of rocks in the given main hydrogeologic unit.
The total pore volume of the aquifers was calculated using AHGW tools based on the volumes of the
main hydrogeologic units in the Ararat Valley groundwater basin. The average total porosity coefficient in
aquifers was selected from the rock porosity scales proposed in scientific literature and methodical
guidelines [14, 16, 24,26, 31, 36]. The following values were used:
•
•
•

Gravel, unconfined aquifer: range: 0.25–0.44; used value: 0.34
Gravel, confined aquifer: range: 0.25–0.44; used value: 0.28
Fractured basalt, confined aquifer: range: 0.05–0.30; used value: 0.17
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2. ESTIMATING NATURAL GROUNDWATER RESERVES (STORAGE)
The volume of natural groundwater reserves in aquifers (Vnat) is estimated with the following formula:
Vnat = Vvol + Velastic
Vvol – volumetric reserves
Velastic – elastic reserves
The value of the aquifers’ volumetric reserves is determined following the scheme below and applying the
following formulae [16, 32, 39]:
• For unconfined aquifer:
Vvol = µ · m · F
•

For confined aquifer:
Vvol = µ* · m · F

µ – gravitational water yield coefficient for unconfined aquifer
µ* – elastic water yield coefficient for confined aquifer
m – average thickness of water-bearing unit, m
F – surface area of water-bearing unit, m2
The volume of elastic groundwater reserves (Velastic) is determined for the confined aquifers only, using
the following formula:

Velastic =µ*· hp· F
µ* – elastic water yield coefficient for confined aquifer
hp – piezometric head
F – surface area of water-bearing unit, m2

Figure A. Scheme for Estimating the Values of the Natural Groundwater Reserves and Elastic
Reserves

The values of the gravitational water yield coefficients for confined and unconfined aquifers and elastic
water yield coefficients for confined aquifers in the Ararat Valley groundwater basin were selected based
on scientific literature and methodologies [15, 16, 18, 22, 27, 32, 33, 34, 39].
The values of the elastic water yield coefficients (µ) for confined aquifers in the Ararat Valley groundwater
basin are calculated according to the following formula:
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µ* = Ss * m
Ss - the specific storage
m - the average thickness of the water-bearing unit, m
The specific storage (Ss) is calculated according to the following formula:
Ss = ρg (α+nβ)
ρ – mass density of water
g – gravitational acceleration
α – aquifer compressibility
n – porosity coefficient
β – compressibility of water
To estimate the values of the piezometric head pressures (hp) for the two confined aquifers in the Ararat
Valley groundwater basin for the given year, the ArcToolbox tools under the ArcGIS environment were
used according to the following steps:
1. Constructing the piezometric head raster for each confined aquifer based on pressure head data
from the 2016 well inventory (using the ArcToolbox spatial analysis tools)
2. Subtracting the geo-raster of the given confined aquifer from the piezometric head raster (using the
ArcToolbox Raster Calculator Tools) to get the head difference raster
3. Determining the value of the average pressure head for each confined aquifer (using the ArcToolbox
Zonal Statistics Tools).
3. ESTIMATING NATURAL GROUNDWATER RESOURCES (RECHARGE RATE)
Natural groundwater resources (Qnat.) numerically express the quantity of water inflow to aquifers, both
naturally and as a result of human activity (artificially). Recharge and discharge zones (i.e., the groundwater
basin’s catchment area) are considered in estimation of natural groundwater resources.
Artificial (additional) resources form as a result of water use in the groundwater basin, particularly
operation of HTSs and water transfer. These waters infiltrate into the aquifers and are considered in
estimation of natural groundwater resources. Artificial (additional) resources were estimated using the
data on the Ararat Valley water supply and demand balance
The value of natural groundwater resources (Qnat) is determined by adding the value of the actual inflow
(GWin_actual) into the Ararat Valley groundwater basin to the value of the artificial (additional) resources
(Qadd) formed in the Ararat Valley, using the following formula:
Qnat = GWin_actual + Qadd
GWin_actual is the value of actual groundwater inflow into the Ararat Valley groundwater basin for the
given year, m3.
Qadd is the value of the artificial (additional) resources calculated for the given year, m3.
The following formula is used to determine the volume of artificial (additional) resources:

Qadd = Qirrig + Qfish + Qind + Qdrink +Qpond + Qcan + Qcoll

Qirrig., Qfish., Qind. and Qdrink. are the volumes of water that infiltrate aquifers after water use for irrigation,
fishery, industrial, and drinking-household purposes, respectively (m3).
Qpon., Qcan. and Qcoll. are the volumes of water that infiltrate aquifers from ponds, canals, and collectordrainage systems, respectively, in the Ararat Valley (m3).
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4. ESTIMATING TOTAL USABLE GROUNDWATER RESOURCES OR SUSTAINABLE
RATE OF GROUNDWATER USE
The Ararat Valley 2016 water balance and water supply and demand balance calculation results were used
to estimate the value of total usable groundwater resources in the groundwater basin. The estimation
was made by balance method.
After calculating the value of natural groundwater resources (Qnat.), the value of total usable groundwater
resources in the groundwater basin for the given year is estimated through the following formula [39]:
Qusable = Qnat · α + (Vnat/τ) · α 1
Qnat. – natural groundwater resources, m3
Vnat. – natural groundwater reserves, m3
Τ – exploitation period in days
α – exploitation coefficient for natural groundwater resources
α 1 – exploitation coefficient for natural groundwater reserves
The value of 10,000 days is used in the formula as the exploitation period (τ) [16, 18, 23], a 0.3
exploitation coefficient for natural groundwater resources, and 0.6 for the exploitation coefficient for
natural groundwater reserves [16, 18, 22, 23, 39].

.

.
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ANNEX 3: METHODOLOGY FOR ASSESSING CLIMATE CHANGE
IMPACT ON SURFACE NATURAL FLOW IN THE ARARAT VALLEY
Climate change study for Ararat Valley was conducted using the Climate Change Model of the DSS ArcGIS
extension customized for the Ararat Valley and its catchment area. The input data for the analysis were
hydro-meteorological observations data received from the State Hydrometeorological Service of
Armenia, GIS layers on sub-catchment areas within the studied territory, and locations of meteorological
stations and hydrological posts [11].
Changes in temperature and precipitation were analyzed for the periods of 1961-1990 and 1991-2016
using the data for Ararat, Armavir, Artashat and Yerevan Agro meteorological stations in the Ararat
Valley. Changes in the annual flow volume were analyzed for the Vedi-Urtsadzor, Azat-Garni, HrazdanYerevan, Qasakh-Ashtarak and Sevjur-Taronik hydrological monitoring posts for the same periods.
Data on annual temperature, precipitation, snowfall and natural surface flow for the period of 1961-2016
was loaded into the attribute tables of Meteostations and Hydroposts GIS layers of the DSS for conducting
the assessment of trends and projections (Figure A):

Figure A. Import of Hydro-Meteorological Time Series Data from Excel Spreadsheets to GIS Layers

Climate Change model consists of two component – Historic Trends and Projections (Figure B).

Figure B. Decision Support System Extension of ArcGIS
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HISTORIC TRENDS
In the DSS historic trends component, the values of annual precipitation and surface natural flow for the
analysis period (1991–2016) are assessed and compared with the respective values of the baseline period
(1961–1990) established by the World Meteorological Organization (WMO).
The 30-year baseline period of consecutive records of historical climate data is considered long enough
to smooth out year-to-year variations, including wet, dry, warm, and cool periods. According to the
WMO and IPCC, this period represents the climate before significant changes attributable to human
activity were detected.
Thus, the model calculates the annual average value of a given parameter for 1961–1990 and assesses the
deviation of values for 1991–2016 against the baseline period average values.
Figure C presents the historic trends component window and sample graphs (Figure C).

Figure C. DSS Historic Trends Component

PROJECTIONS
The latest assessments of climate change impacts in Armenia were conducted using the CCSM4
(Community Climate System Model) and METRAS models in accordance with the IPCC-recommended
RCP8.5 (high-emissions) and RCP6.0 scenarios for CO2 emission.
According to the RCP6.0 scenario (equivalent to the SRES B2 scenario), the CO2 concentration will be
670 ppm by 2100; according to the RCP8.5 scenario (equivalent to the SRES A2 scenario), it will be 936
ppm. Future change projections for ambient air temperature and rainfall were conducted for 2011–2040,
2041–2070, and 2071–2100.
The projections component of the Climate Change Model aims to model a picture of natural surface flow
under the IPCC scenarios to give an understanding of further water availability and design a corresponding
plan of measures and adaptation.
The input data of the projections component were the layers of meteorological stations and hydrologic
observation posts loaded with hydro-meteorological observation data for 1961–2016 and the layer of the
catchment area’s sub-catchments within the studied territory.
The baseline period, against which the deviation of surface natural flow was calculated, was the WMOestablished period of 1961–1990. The basin/river basin, emission scenario, and time horizon of projection
should be selected to calculate the projected value of natural surface flow (Figure D).
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Figure D. DSS Projections Component

The calculation output is the layer of sub-catchments classified by the ranges of projected changes in
natural surface flow for the selected scenario and period. Columns with deviation in percentage and the
projected values of natural surface flow are also added to the Hydroposts layer (Figure E).

Figure E. Example of Output of DSS Projections Component
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ANNEX 4. ANALYSIS OF SCENARIOS OF GROUNDWATER
ABSTRACTION VOLUMES IN THE ARARAT VALLEY
The groundwater flow model of the Ararat Valley created using the MODFLOW tool in the GMS
software package was calibrated with data from the 2016 inventory of wells, annual water balance, and
groundwater abstraction for determining the piezometric curves in the unconfined aquifer and first and
second confined aquifers, as well as the total groundwater flow balance. Figure A shows the piezometric
surfaces of the head in the first and second confined aquifers.

Figure A. Piezometric Surfaces of the Head in the First and Second Confined Aquifers as of 2016
(Source: ASPIRED Project)
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This version of the model is considered a “control” model for further development of scenarios. It
considers the 2016 values of actual groundwater abstraction, based on the results of the inventory of
groundwater wells. The groundwater abstraction volumes grouped by BMA are as follows:
• Akhuryan BMA: 417.3 million m3/year
• Hrazdan BMA: 1,058.0 million m3/year
• Ararat BMA: 132.8 million m3/year
Total groundwater abstraction: 1,608․1 million m3/year.
The groundwater flow model of the Ararat Valley was customized and ran for the following two scenarios
of groundwater abstraction volume reduction:
Scenario 1: Reduction of total groundwater abstraction by 20 percent, equally in all three BMAs. The
aim was to observe the long-term change of the piezometric head with equal reduction of water
abstraction in the Valley’s entire area. That is, all model parameters were left the same and the following
volumes of groundwater abstraction were used:
• Akhuryan BMA: 333.8 million m3/year
•

Hrazdan BMA: 846.4 million m3/year

•

Ararat BMA: 106.2 million m3/year

Total groundwater abstraction: 1,286․4 million m3/year
Scenario 2: Reduction of groundwater abstraction by 30 percent in the Akhuryan BMA, 50 percent in
the Hrazdan BMA, and 20 percent in the Ararat BMA. The aim was to observe the long-term change in
the piezometric head with such groundwater abstraction, which corresponds to the estimated value of
sustainable groundwater use or total usable groundwater resources. That is, all model parameters were
left the same and the following volumes of groundwater abstraction were used:
• Akhuryan BMA: 292.1 million m3/year
• Hrazdan BMA: 529.0 million m3/year
•

Ararat BMA: 106.2 million m3/year

Total groundwater abstraction: 927.3 million m3/year
After testing the model with these two scenarios, a comparative analysis of the piezometric head values
obtained in the initial “control” model and in the models with scenarios was performed for both the first
and the second confined aquifers. The results of the analysis are as follows:
In Scenario 1, in the long term, the piezometric head increased by an average of 0.67 meters in the first
confined aquifer and 0.69 meters in the second confined aquifer. The head difference distribution for the
first and second confined aquifers is shown in Figures B and C, respectively.
In Scenario 2, in the long term, the piezometric head increased by an average of 1.1 meters in the first
confined aquifer and 1.14 meters in the second confined aquifer. The head difference distribution for the
first and second confined aquifers is shown in Figures D and E, respectively.
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Figure B. Difference between Piezometric Head Values Obtained under the Initial Model and the First
Scenario for the First Confined Aquifer (Source: ASPIRED Project)

Figure C. Difference between Piezometric Head Values Obtained under the Initial Model and the First
Scenario for the Second Confined Aquifer (Source: ASPIRED Project)
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Figure D. Difference between Piezometric Head Values Obtained under the Initial Model and the
Second Scenario for the First Confined Aquifer (Source: ASPIRED Project)

Figure E. Difference between Piezometric Head Values Obtained under the Initial Model and the
Second Scenario for the Second Confined Aquifer (Source: ASPIRED Project)
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In both scenarios, an unequal distribution of piezometric head increase arises for both the first and the
second confined aquifers. Greater changes occur in the central part of the Valley, mostly in its northern
part. Moderate changes occur in the area between the Azat and Vedi Rivers, as well as in the western
part of the Valley. In the other sections of the Valley, changes in groundwater piezometric head are below
average.
Figure F shows the results of the comparative analysis of the total groundwater balances under the initial
“control” model and the scenarios.

Figure F. Ararat Valley Groundwater Balance under Various Scenarios (Source: ASPIRED Project)

The comparison of the groundwater balances with various scenarios shows that a feeding process takes
place between the aquifers: the confined aquifers feed the rivers and the unconfined aquifer. In other
words, in the long run, some amount of water will flow out of the groundwater basin through the drainage
network and rivers. Thus, not all the water saved by reducing groundwater abstraction volume by a
certain value will accumulate in the groundwater basin. Calculations show that 50 percent of the water
saved will accumulate in the long term, and the rest will be discharged into surface flows.
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