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Lake Sevan Environmental Action Plan

Main Report

A.
Introduction

Country Background

1.
Armenia is a landlocked country with an area of 29,800 square kilometers and a population of about 3.75 million. The effects of the catastrophic earthquake in 1988, combined with the collapse of the central planning system and the disruption of traditional trade with Russia and the countries of the former Soviet Union (FSU), led to a serious economic decline that was intensified by acute hyperinflation. The armed conflict over Nagorno Karabakh, accompanied by the trade blockade imposed by Turkey and Azerbaijan and the internal conflict in Georgia, further aggravated the situation, placing the country in a state of serious economic difficulty. The resulting scarcity of fuel and other inputs essential for production caused economic turmoil that severely damaged Armenia’s industrial base. Gross Domestic Product (GDP) dropped by almost 60 percent over the period 1991-1993, the sharpest drop in GDP of any of the FSU countries. Over the same period, per capita income fell from US $1,810 to US $560 and industrial production decreased by about 80 percent.

2.
The period of economic crisis appears to have ended and a tentative recovery is underway. In recent years, Armenia has made significant strides in reforming its economy and in establishing a suitable policy framework for economic recovery. A stabilization program reduced the budget deficit from 12 percent of GDP in 1994 to 6.7 percent in 1997. Annual inflation in 1997 was 13.8 percent, compared to 4,962 percent in 1994. GDP grew by an average of 5 percent between 1994 and 1997. Assuming domestic and regional stability, the World Bank has estimated that the Armenian economy can be expected to grow at an annual rate of six percent a year until 2005.

Environment in Armenia

3.
In the early days of the transition process, the negative impact of central planning on environment was so visible that environmental issues became political. However, the subsequent years of economic difficulties rapidly lessened the importance of environmental protection. Despite economic improvements in recent years, environmental awareness in Armenia is low. This is reflected in the small role of environmental Non-Governmental-Organizations (NGOs) in public and political life in contrast to most Central and Eastern European countries. Nevertheless, in recent years the Government has begun to refocus attention on environmental issues and initiated the process of preparing a National Environment Action Plan (NEAP) in 1996.

4.
The major environmental issue in Armenia is Lake Sevan. Historically, Lake Sevan is perceived throughout the Caucasus region as an identifying symbol of the Armenian people and nation, and its environmental status became a political issue during the transition period. The ensuing economic crisis however, led the public to accept overexploitation of the lake’s resources. At present, Lake Sevan has once again become one the issues that most attract the attention of the public and existing environmental NGOs, for whom the lake is an important national environmental priority, and will always remain Armenia’s jewel. 

Lake Sevan

5.
Lake Sevan—”The Heart of Armenia”—is one of the world’s largest alpine lakes. Located in the Caucasus Mountains of Armenia (Figure 1), the lake has a central hydrological role in the country. The lake’s waters and the basin’s natural resources are considered to be the development pillars of the Armenian economy, providing a number of direct and indirect benefits. The lake’s catchment basin comprises one-sixth of Armenia’s total area, and it constitutes the primary water resource of the country, giving it both geographic and politically strategic importance. The waters of the lake provide a significant amount of hydropower and irrigation to the croplands in the Ararat Valley. The lake also provides habitat for fish and shellfish, nursery zones for many aquatic and amphibian species, and a resting place for numerous migratory birds. In addition to considerable tourism activities, the lake has been important as a cultural focus for the people of Armenia over many centuries, and a motivating feature of the nation’s history, poetry, and music. 

Figure 1. Map of the Region
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6.
In the 1930s, a series of management decisions were taken by the Soviet Government which caused destabilization of Lake Sevan’s hydrology and ecology. The original plan called for reducing the lake's surface area, thereby reducing loss of water by evaporation and increasing the amount of water that could be taken each year. Thus water was taken from the lake for irrigation at rates substantially greater than the natural inflow, decreasing volume by 41 percent and lowering the water level by 19 meters over a period of approximately forty years. The exposed land proved to be of limited value for agriculture, being sandy and low in nutrients. The decrease of the water level, together with increased external pollution loads from point and non-point sources, greatly altered the lake’s ecological conditions. In 1962, when the lake’s surface receded below 1,900 meters above sea level (asl) for the first time, algae blooms and oxygen depletion were noted, generating concerns about increasing rates of eutrophication. Recreation and tourism were negatively affected by the constantly receding shoreline, which reduced the aesthetic value of the shoreline area. Soon, significant declines in the lake’s fishery harvest, constituting almost one-half of the nation’s entire supply, were noticed. Finally, it also became apparent that the lake’s capacity to provide a reserve for hydropower production and irrigation, as well as possible drinking water, was seriously threatened.

7.
A number of attempts have been made since the 1950s to increase the water level of Lake Sevan, with only limited results. In 1996, the Government of Armenia initiated the development of an Action Plan that would provide a framework for integrated management and a phased restoration of Lake Sevan. The preparation of the Action Plan was financed with a grant from the World Bank’s Institutional Development Fund (IDF), support from the Food and Agricultural Organization (FAO) and grants from the Governments of Finland, the Netherlands, Sweden and Switzerland. This document describes the Action Plan that provides a framework for an integrated management approach to the lake, and recommends a number of actions and institutional changes to instill behavior and decision making that would promote sustainability of the lake’s multiple functions.

8.
This document, the Main Report of the Lake Sevan Environmental Action Plan, is divided into a descriptive section which provides background information; a section assessing the current situation and identifying problems; and a section describing the specific proposed actions. The original report is written in English and translated into Armenian and Russian. The Executive Summary of this report, issued as the Lake Sevan Action Plan: Executive Summary, is also available as a separate volume in Armenian, English, French, and Russian. In addition, two separate volumes, Lake Sevan Action Plan: Volume II - Sector Reports, has been prepared consisting of in-depth analysis on: (a) Institutional and Regulatory Issues; (b) Water Resources Management; (c) Point-Source Pollution Reduction; (d) Non-Point Source Pollution Reduction; (e) Fisheries Rehabilitation; and (f) Biodiversity and National Park Protection. The Sector Reports also provide more detailed descriptions of the proposed activities.
B.
Description

The Watershed of Lake Sevan

9.
Lake Sevan is located northeast of the Ararat Valley, the most intensive agricultural area of Armenia. The lake occupies a depression surrounded by a 400 kilometer long mountain ridge, the highest peak reaching 1,700 meters above the lake level, or about 3,600 meters above sea level. The total area of the lake’s basin is about 4,900 square kilometers, of which 3,650 square kilometers constitutes the catchment area and approximately 1,250 square kilometers constitutes the lake surface itself. The lake basin, containing about 14 percent of the agricultural land of Armenia, is situated in the Gegharkounik Administrative Province. The Province has about 270,000 inhabitants living in its area of 4,073 square kilometers, of which 3,475 square kilometers are located in the Lake Sevan catchment area.

10.
The current economic activities in the watershed are primarily agriculture and fishing, most of which are subsistence activities. Industrial production in the basin has practically ceased as a result of the economic contraction. It is estimated that only five percent of the industry is currently active. About 38 percent of the basin’s population lives in the four towns located around the lake—Sevan, Gavar, Martuni and Vardenis. Around 85 percent of the wastewater from the basin’s population drains into the lake and about 30 percent is connected to a waste collection system (about 73 percent of the towns’ population). Approximately 20 percent of all sheep and goats in Armenia, and about 16 percent of all beef and dairy cattle, are raised in the basin area. Fishing (often illegal) from Lake Sevan and collection of various other natural resources (plants and animals) in the basin have an important role as direct food supplements as well as a support to the household budget. 

Biodiversity and the National Park

11.
As a result of the diversity of its geo-biosystems, the peculiarity of its genetic resources, and wealth of natural resources, the Lake Sevan basin is considered a unique region in the Caucasus, and has a central place within the world’s natural and cultural heritage. However, the region has suffered from wood harvesting, changing land use and the lowered water level of the lake. Centuries of wood harvest and changing land use have reduced the extent of natural forests to only 3,400 hectares, or 0.8 percent of the Lake Sevan basin area. Although during the past forty years more than 17,000 hectares of trees and bushes have been planted, only about five percent of the basin is forested, the remaining has been converted into agriculture and pasture land. In spite of this, the basin has a unique and relatively abundant flora and fauna. The Lake Sevan watershed is located at the intersection of the Caucasian, Iranian, and Mediterranean floral regions, each of which has its own distinctive plant assemblies. The range in altitude, sharp fluctuations in relief, and soil variability, create numerous landscape types that promote diversity in flora and plant associations. The watershed is known to contain over 1,500 species of flower and seed producing plants, and more than 250 species of spore-producing plants such as mosses and lichens. In addition, a large number of endemic (local varieties specific to the Sevan Basin) and relic (representatives of old disappearing flora) species can be found in the watershed. Many of these endemic and endangered plants have highly restricted areas of coverage and are sensitive to changes in environmental conditions. More than 150 of the plant species in the basin are considered to be threatened or endangered and require assistance to survive.

12.
The waters of Lake Sevan, the marshes around the lake, and the mouths of rivers function as habitats for a number of aquatic and marsh animals. This group includes the fish living in the lake, amphibians, reptiles, birds and certain mammals. Since 1940, more than 10,000 hectares of marshes, and Gilly Lake in the south end of Lake Sevan, have been drained and lost through the lowering of Lake Sevan. Although no recent inventory of terrestrial animals living in the basin has been conducted, existing information indicates that at least 222 species of mammals, birds, and reptiles still live in or visit the basin.

Fisheries

13.
Historically, Lake Sevan has hosted fish of three families: salmonids, coregonids, and cyprinids. The salmonids are represented by a single native species of trout, the ischkan (Salmo Ischkan). Two of the subspecies, winter bakhtak and bodjak naturally spawn in gravel and stones in the littoral zone on the lake bottom, while the other two, summer bakhtak and gegarkhouni, undertake upstream spawning migrations from the lake into rivers, where they lay their eggs in gravel on the streambed. Two varieties of the whitefish species, Coregonus Lavaretus, were introduced into Lake Sevan during the 1920s. Two important endemic species are found in Lake Sevan, the khrami carp (Varicorhinus Capoeta) and the barbel (Barbus goktschaicus). The exotic crucian carp (Carassius Carassius) was accidentally introduced in 1983.

14.
The breeding grounds of the two lake spawning subspecies of Sevan trout are now dry land. About 90 percent of the littoral zone breeding ground used by the winter bakhtak and bodjak had already been lost by the late 1950s, and by the early 1980s only small remnants of spawning habitat remained. Following the loss of their original spawning grounds, the last recorded sightings of these subspecies were documented in the late 1980s. It is possible that both lake-spawning trout subspecies are now extinct. The two river-spawning subspecies, gegarkhouni and to a lesser extent summer bakhtak, are still present in the lake. However, populations are a small fraction of their historical size, and have been maintained only by a program of artificial reproduction which is inactive at present.

The Lake and Its Waters

15.
Lake Sevan is divided into two parts which are named according to their surface size: Small Sevan and Big Sevan. The Hrazdan River is the only outlet from the lake. Twenty eight small rivers flow into the lake from the watershed. Since 1981, to compensate for the excessive water withdrawals, water has been transferred from the Arpa River through a tunnel to the lake.

Water Quantity

16.
The quantity of water in Lake Sevan has been dramatically reduced compared with its natural state. In the 1930s, large water releases from the lake were initiated for irrigation and hydropower production. A “power cascade” consisting of six hydropower stations was constructed on the Hrazdan River, with the first station completed in 1936. The final station was completed in 1962, bringing the cascade to an installed electricity capacity of 556 MW (56 percent of the total installed hydropower production capacity of Armenia
). In addition to the six power stations, seventeen irrigation schemes were designed to distribute water to almost 100,000 hectares of agricultural lands through gravity canals beginning below the various power stations in the system. Currently, Lake Sevan provides about 25 percent of the annual irrigation water to the region and about 12 percent of the water to the Ararat Valley. The present level of the lake is approximately 1,896 meters above sea level, a decrease of about 19 meters compared to the lake’s natural level back in 1930. During this period, the lake’s surface area has been reduced by around 15 percent, from 1,416 square kilometers in 1933 to 1,248 square kilometers today. The volume of water has been reduced by about 41 percent. The present lake level has now almost reached the level of the Hrazdan River outlet construction.

17.
Figure 2 illustrates the water inflow and outflow of Lake Sevan during the years 1927-1997. The water inflow to Lake Sevan is on average 262 million cubic meters/year and consists basically of precipitation (rain), inflow of surface water (rivers) and inflow of ground water. Beginning in 1981, an additional 250 million cubic meters/year of water on average has been diverted to the lake through the Arpa-Sevan Tunnel (see Box 1). Until 1937 (during the construction of the Hrazdan outlet for releases for irrigation and energy), and for a brief period in the 1980s, the net inflow of water to Lake Sevan was positive, that is, the inflow of water was larger than the outflow. Water releases from the lake peaked between 1947 and 1967, causing the radical reduction of the lake level. The net water flow to Lake Sevan was finally stabilized in the early 1980s. Water releases for irrigation and energy purposes were decreased and although the Arpa-Sevan Tunnel did not operate at full capacity during 1986-87, there was a small net increase of water level in the lake. High releases took place again in 1992-1995 due to the energy crisis caused by the closing of the nuclear power plant and the trade blockade following the Nagorno-Karabakh conflict. In 1995 the net inflow of water reversed again and the water level started to increase. Since 1995, the net water inflow to the lake is positive and it is estimated that on average approximately 512 million cubic meters of water per year can be withdrawn from Lake Sevan while still maintaining the present water level. In 1996, it was decided that the maximum release allowed from the lake would be 370 million cubic meters/year (300 million cubic meters for irrigation and 70 million cubic meters for energy.)

Figure 2. Water inflow and outflow from Lake Sevan (1927-1997)
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	Box 1: Arpa-Sevan Tunnel 

As an attempt to reverse the negative trends pertaining to the water quantity and quality of Lake Sevan, a tunnel to divert 250 million m3 /year (average) from the Arpa River to Lake Sevan was completed in 1982. With the addition of Arpa River water, the lake level was stabilized at about 1,897 meters above sea level (19 meters lower than the original water level). 


Water Quality

18.
The lowering of the water level caused significant changes in the lake’s physical processes, impacting water quality. In addition, an increased inflow of nutrients aggravated the eutrophication process (algae growth) and decreased water transparency. Atmospheric deposition, soil erosion, and external pollution loads originating from domestic, industrial and agricultural activities in the basin further deteriorated the water quality. Nevertheless, according to international standards, Lake Sevan is classified as “mesotrophic,” rather than “eutrophic
.” For comparison, it can be mentioned that the Constance (Bodensee) in Switzerland falls into the “mesotrophic” category, whereas Lake Washington in the United States and Lake Biwa in Japan were earlier considered “eutrophic” (although now rehabilitated).

19.
Since 1991, there have been no reliable estimates of nutrient discharges into the lake. Agricultural activities probably contribute substantially more to eutrophication than population and industry together. Although the use of fertilizers has decreased by about 40 percent, and livestock production by about 20 percent, since 1991, estimates indicate that about 33 percent of the current phosphorus load and about 70 percent of the nitrogen load originate from agriculture (see Figures 3 and 4).

20.
Domestic wastes from more than 210,000 people drain into the Lake Sevan Basin. The town of Sevan discharges its wastewater outside of the basin, but the towns of Martuni, Gavar, and Vardenis discharge into the lake. It is estimated that domestic pollution sources currently contribute about 37 percent of the phosphorus load and about ten percent of the total nitrogen load
. The Arpa River is estimated to contribute about 18 percent of the total phosphorus load and about ten percent of the nitrogen load. A broken sewer pipeline originating from the town of Jermuk (under the Ketchut Reservoir) alone is believed to contribute about 12 percent of phosphorus and about two percent of the total nitrogen load. In terms of solid waste disposal, a number of legal and illegal solid waste dumps exist near several population centers. These dumps are unsightly and make inefficient use of land resources but they do not appear to contribute to the pollution of the lake.

21.
Although industrial pollution has been significant in the past, current discharges are minimal. More than fifty enterprises are registered in the basin, but most are inactive, while others operate at very low capacity. Current industrial capacity is estimated to be less than five percent of that in earlier years.

Figure 3. Total Load of Nitrates in Lake Sevan
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Figure 4. Total Load of Phosphorus in Lake Sevan


[image: image4.wmf]0

50

100

150

200

250

300

350

400

450

P tonnes/year - 1982-1985

P tonnes/year 1996

Tons per year

Precipitation

Crop Production

Animal Production

Population and Industry


Administrative Arrangements

Policy, Legal and Regulatory Setting

22.
Currently, Armenia has an “umbrella” environmental law consisting of the Bill on Principles of Environmental Protection, complemented by a vast group of media-specific and field-specific laws. The Bill of Principles establishes obligations of the state to guarantee a safe and healthy environment and formulates principles, approaches, and instruments that should be used to fulfill the obligations. Armenia is a signatory to a number of international environmental agreements. Relevant to Lake Sevan are: (a) United Nations Convention on Climate Change; (b) Convention on Wetlands of International Importance Especially as Water Flow Habitats; (c) Convention on Biodiversity; (d) United Nations Convention to Combat Desertification; (e) Agreement of Cooperation in the Sphere of Ecology and Environmental Protection; and (f) FAO International Code of Conduct in the Distribution and Use of Pesticides.

23.
A large number of laws and decrees regulate water use. Decisions pertaining to the quantity of water to be released from Lake Sevan for irrigation purposes are made annually by the Government Council together with the presentation of the Annual Program on the Social and Economic Development of Armenia. A complex system of water quality standards, norms and ecological passports is in place
. Water user fees are charged to commercial enterprises, water utilities, and irrigation water users and industries and wastewater utilities are charged water pollution fees.

24.
Land use and natural resources management in the Lake Sevan basin are regulated through the Land Statute, the Bill on Forests (1994) and the Bill on Specially Protected Territories (1991). The Lake Sevan National Park is managed through a zoning system which defines permitted activities (protection, recreation, and economic) within each zone. Fishing in Lake Sevan is controlled through a fishing license system established in 1996 under which catch quotas and gear restrictions are specified. 

Institutional Setting

25.
Central environmental management is vested with the executive offices of the President and the Council of Government consisting of the line ministers. The Ministry of Nature Protection has primary responsibility to develop environmental policies, prepare and enforce environmental standards, conduct environmental research, and promote public environmental awareness. In addition, the Ministries of Agriculture, Finance and Economy, and Health have a number of environmentally related responsibilities. The Ministry of Agriculture is responsible for land management, including pollution control. The Ministry of Health participates in decision making concerning drinking water quality. The Ministry of Finance and Economy is responsible for preparation and implementation of economic policy, including its environmental aspects, and is also involved in decisions on water releases from Lake Sevan. Taken together, these entities are responsible for: (a) formulating policy; (b) preparing laws and planning for their implementation and enforcement; (c) establishing annual quotas for fish catch, water release and tree cutting; (d) establishing functional zones in the National Park and determining land categories; (e) adopting standards and service charges, and enforcing pollution and extraction fees; (f) issuing water use permits and ecological passports for enterprises; (g) maintaining water and land cadasters; and (h) managing state-owned lands.

26.
At the regional level, the management of the Lake Sevan National Park is responsible for biodiversity conservation and forest management within the area of its territory, and for enforcement of fishery regulations in Lake Sevan. The regional government has overall responsibilities for providing infrastructure services such as water supply, irrigation, waste collection, and monitoring and enforcement of natural resource utilization and protection. Although the regional governments have significant responsibilities for land management, all regional environmental management activities are supervised by the central Government and financed through the state budget. A number of laboratories and institutes are assigned to monitor the water level and quality of the lake, its tributary rivers and the basin. However, due to lack of funds, very few monitoring activities are currently being undertaken. This has resulted in a disruption of data sets for a range of parameters that had been measured in the Soviet period.

C.
Assessment Of Current Situation

Environmental Consequences of Past Economic Activities and Anticipated Future Issues

27.
A number of variables have contributed to the deterioration of Lake Sevan and its surroundings. The initial decision to withdraw massive amounts of water from the lake was later aggravated by inadequate policies or legal framework to address the problems. No long-term strategy existed for integrated management of Lake Sevan or water resources at the national level and weak institutions—insufficiently equipped to remediate and mitigate the problems related to the decreasing water level and increasing pollution concentration in the lake—could not reverse the decline in the strategic, economic, ecological, and amenity values of the lake. The main issues related to Lake Sevan are summarized in Box 2.

	Box 2. Main Problems and Issues Related to Lake Sevan.

	Main Issues
· Depletion of strategic water reserves;

· Degradation of water quality;

· Destruction of fisheries;

· Destruction of plant and animal habitats;

· Reduced tourism; and 

· Reduced amenity value.
	Policy Issues
· Lack of a management policy and strategy for Lake Sevan;

· Lack of a national integrated water resources management policy and strategy;

· Inadequate legal and regulatory framework; and

· Weak institutions at the national and local level.


Policy, Legal and Regulatory Setting—An Assessment

28.
The current legal system in Armenia is under review and revision. New laws are passed frequently. The legal culture is changing from a “Soviet culture” to a more market oriented one. Still, a common societal “indifference” to laws by society impedes enforcement. The prevalence of regulations and “sub-laws” (decrees) over “real” laws is strong and it is difficult to introduce changes in the traditional legal structure. Economic justifications are rarely considered when new laws are prepared, and implementation issues are not discussed. Moreover, public information and education about new laws are inexistent. Legal issues related to Lake Sevan are addressed in a number of laws that do not fit together effectively, leading to inconsistent application and enforcement. Consequently, absence  of a clear policy with regard to the management of Lake Sevan and the current “patchwork” of various laws and regulations have resulted in lack of formal mechanisms for cross-sectoral coordination, leaving issues related to the lake without a focal point for integration.

29.
Although Armenia has ratified, and is a party to, a number of international agreements, the resources needed for active participation are lacking. Thus, the content of these agreements is generally not incorporated into sectoral policies, nor are their legal requirements included in domestic laws. In the same way, existing laws relating to water use do not, in general, correspond to real conditions in Armenia. Standards and norms are frequently inadequate or overly stringent and consequently not enforced. The ecological passport and permitting systems are not functioning uniformly or consistently. Only about ten percent of water use fees are collected and penalties for violations are low and rarely imposed.

30.
Finally, it is clear that due to a lack of resources, data collection and analysis have been seriously neglected. This has impeded the decision making process and the ability of the relevant ministries and agencies to accurately base their responses to the needs of Lake Sevan. Also because of these problems, environmental information has not been regularly and effectively disseminated to the public. This has led to very weak and rudimentary public awareness of environmental issues, most often based on unreliable and outdated data. The main issues related to policy, legal and regulatory issues are summarized in Box 3.

	Box 3. Main Problems and Issues related to
Policy, Legal and Regulatory Framework

· Frequent public indifference to laws;

· Inadequate public information and education about laws;

· Prevalence of regulations and decrees over laws;

· Large number of laws relating to Lake Sevan;

· No formal mechanism for cross-sectoral coordination;

· Lack of linkage between international agreements and Armenian policies and laws;

· Overly stringent water standards and norms;

· Inconsistent application and enforcement of laws;

· Inconsistent permitting system;

· Inefficient collection system of fees and fines; and

· Deficient data collection and analysis.


Institutional Setting—An Assessment

31.
Institutional arrangements related to Lake Sevan are unclear and inefficient, and overlapping authorities exist among governmental entities. Organizational capacities are not well matched with their assigned responsibilities, and agencies do not share tasks or information. Funding is inadequate and capacity of human resources low.

32.
The principle of ministerial responsibility in the Armenian context, has in practice, meant that only the Minister is authorized to make decisions. Consequently, the Ministers’ and Deputy Ministers’ capacities as “environmental policy makers” tend to be hampered by requirements of daily management issues. In addition, the fragmented management of Lake Sevan and lack of transparency of authority for water allocation results often in conflicts between agencies who all claim authority, and at other times in no agency acting. In terms of enforcement, regional priorities have not been formulated, and enforcement actions do not correspond to changing socio-economic conditions in the region. The main institutional issues are summarized in Box 4.
	Box 4. Main Problems and Issues related to
Environmental Institutions

· Lack of transparency;

· Centralization of authority;

· Lack of communication and coordination;

· Lack of skills; and

· Lack of funding.


Water Quantity—An Assessment

33.
Water has been taken from Lake Sevan for irrigation and energy generation for over sixty years at rates substantially greater than inflow rates. The low water level is now affecting the lake’s value as a strategic reservoir that can be tapped during years of low rainfall in the Ararat Valley or during interruption of trade in energy supplies. In addition, the low water level has destroyed fish and bird habitats and seriously reduced the amenity value of the lake, affecting tourist income in the region.

34.
The current water level of the lake impacts Armenia’s ability to act upon a “water emergency.” In terms of energy, Armenia’s energy system is improving, but it is far from secure. The one operating nuclear power plant in the country might only be allowed to operate for another five to ten years. Thermal power depends upon fossil fuel imports, whose supply has often been interrupted. Other energy has been imported as electricity. The only significant indigenous energy source available in Armenia is hydropower. However, the lake level is now very close to the level of the existing outlet structure to the Hrazdan River. At this low level, there is no reserve for a potential energy crisis unless the water outlet is artificially lowered. Similarly, food production in Armenia is highly dependent on irrigation of cropland in the Ararat Valley below Lake Sevan. Crop production is already limited by the availability of irrigation water. If Armenia encounters a prolonged period of very low rainfall, agricultural production will be devastated without the availability of a strategic reserve of irrigation water to use in such an emergency. In 1981, authorities started to construct a tunnel originating from the Vorotan River to divert additional water to the lake. The construction of the Vorotan tunnel was stopped because of the recent economic difficulties (see Box 5). 

	Box 5: Vorotan Tunnel and the Yeghvard Reservoir
In 1981, the construction of a 21 kilometer long tunnel to divert water from the Vorotan river to the existing Ketchut Reservoir was initiated. The tunnel was designed to supply an additional 165 million cubic meters of water per year to Lake Sevan. Construction was halted in the early 1990’s due to a lack of funds: only 1.7 kilometers remains to be constructed. With a completed tunnel, water would flow from the Vorotan River through the Arpa-Sevan Tunnel to Lake Sevan. With this additional water flow, while simultaneously restricting the outflow from the lake to 370 million cubic meters/year, it has been estimated that it would take about fifteen years to increase the lake level by three meters. If the tunnel is not completed, but the outflow limited to 370 million cubic meters/year, it would take approximately 35 years to increase the lake level by three meters. 

It is estimated that the completion of the tunnel would cost about US $15 million in capital investment costs, plus US $1.0 million annually for operation and maintenance costs (approximately one percent of total investment costs). In addition, it is estimated that the diverted water from the Vorotan River would cause a loss of approximately 430 GWh/year of electricity that would otherwise be produced in the Vorotan Cascades. A detailed cost-benefit analysis, taking into account various costs (capital costs, operation and maintenance cost, lost electricity, value of inundated land and lost buildings) and benefits (value of additional water for irrigation and energy production purposes, value of a buffer stock of water for emergencies, increased fish catches, increased tourism) has been performed
. The analysis implies that even if it would cost zero dollars to complete the Vorotan Tunnel, the project would result in a negative net present value for as long as the discount rate remains higher than 2 percent (present value of costs being higher than present value of benefits). Discount rates currently used in Armenia are in the order of 12-15 percent.

Moreover, it should be noted that there may be an international legal issue associated with the proposed diversion as the Vorotan River flows from Armenia into territory of disputed ownership between Armenia and Azerbaijan. Before any decisions are taken with regard to potential international sources of funding this issue has to be examined to the satisfaction of both parties.

Construction of the Yeghvard reservoir started in 1984 but was halted in 1989 because of lack of funds. The reservoir was designed to improve the water supply to the irrigated lands in the area of Arzni—Shamiram canal and also to irrigate new lands. It has been calculated by the Armenian Water Design Institute (Institute “HAIJRNAKHAGITS”) that proper operation of this reservoir would reduce water release from Lake Sevan by 94 Mm³/year, corresponding to an increase in lake level of 0.07 m/year. The total costs of the Yeghvard reservoir were at the time estimated at US$100 million.


35.
The procedural rules for water releases from Lake Sevan are not regulated by law, and are therefore neither stable nor transparent. No stakeholder groups currently participate in the decision making. As no long term water use policy exists, water use decisions have been short-term in nature, and with unscheduled changes being made in response to short-term problems. The main issues related to water quantity are summarized in Box 6. 
	Box 6: Main Problems and Issues related to Water Quantity

	Water Quantity Problems
· Depletion of strategic reserve of water (water level close to the release outlet);

· Eco-system destruction (destruction of fisheries and bird habitats);

· Reduced tourism income.
	Policy Issues
· Weak policies and legal procedures for decisions of water release;

· Non-transparent decision process;

· No stakeholder participation in decision process;

· Short term nature of release decisions;

· Cost of completing the Vorotan Tunnel; and

· Potential international waters issue with the Vorotan Tunnel.


Water Quality—An Assessment

36.
The excessive outflow of water from Lake Sevan over many decades has altered the lake’s hydrology, influencing the physical and chemical processes which play a role in the lake’s water quality and ecological conditions. The water quality of the lake has also been influenced by pollution loads from non-point sources (agriculture) and point-sources (domestic and industrial wastewater), which have increased the nutrient loads in the lake and accelerated the rate of eutrophication. Because monitoring activities have been halted due to lack of resources, it is difficult to estimate the exact amount of pollution discharges.

37.
Recent economic conditions have led to the complete deterioration of the wastewater treatment facilities around the lake, all of which now are non-operational. Consequently all wastewaters are discharged into the lake without treatment. In addition, waste collection systems are aging and in disrepair, with leaks and breaks occurring frequently. Although industrial pollution discharges are minimal, preventive measures need to be in place when the economy recovers.

38.
In theory, if the conditions of the ecological passports are violated, sanctions are imposed either in the form of fines, reparation requirements or plant closures. However, fines have typically been sparsely issued. This is partly due to the unrealistic norms and regulations currently in place in Armenia. Industrial polluters do not try to comply with the norms and the regulatory staff knows that it is not feasible for the local governments or enterprises to comply. Rules for plant closure are unclear regarding who has authority to decide such a penalty and under what circumstances. As a consequence this sanction has not been applied for several years.

39.
Agricultural run-off has been indirectly affected by the extensive privatization of state-owned agricultural lands. Throughout the Lake Sevan watershed, most families have been provided with 1-2 hectares each, resulting in a large number of very small farms. Many of these small farmers are poorly prepared for farm management and some have never farmed at all. There is little awareness of Good Agricultural Practice or its benefits. This results in poor farming practices that increase the rate of soil erosion, causing reduction of productive land and adding pollution to the lake. Even under the Soviet system, Good Agricultural Practice was rarely followed and overuse of agricultural chemicals was common. Consequently, runoff of pesticides and fertilizers has significantly contributed to the pollution of Lake Sevan. Although economic difficulties have to a large extent reduced the use of these chemicals, their utilization is expected to increase again as farmers obtain the means to acquire them. Nutrient run-off from animal wastes, both urine and manure, remains an important source of pollution to Lake Sevan. This results from the use of manure as fertilizer and through drying of manure for use as a fuel.

40.
Existing farm extension services are currently so inadequate that most farmers are unaware they exist and agricultural training in the area is still based on collective farm principles of specialization, offering no opportunities to small farmers. The regulatory framework is presently inadequate to exercise control of fertilizer and pesticide handling and use. No laws exist, for example, concerning the manufacture, distribution or use of pesticides or products containing heavy metals. Most farmers live in rural settlements rather than on their agricultural land. These settlements, consisting of family homes and barns, are often located close to the river banks flowing into Lake Sevan, and household and animal wastes are allowed to flow directly into the rivers. The main issues related to water quality are summarized in Box 7.

	Box 7: Main Problems and Issues related to Water Quality

	Water Quality Problems
· Untreated and/or undertreated domestic wastewater;

· Potential problems with industrial wastewaters following economic recovery;

· Poor farming practices resulting in nutrient and pesticide run-off problems; and

· Heavy metals from agriculture.
	Policy Issues
· Lack of industrial pollution management plan;

· Ineffective enforcement of regulations;

· Unskilled farmers without adequate support from extension services;

· Lack of regulations for manufacturing, distribution and handling of fertilizers and pesticides and;

· Lack of management programs for animal wastes and public awareness of this as an environmental problem.


Biodiversity and the National Park—An Assessment

41.
The lowering of Lake Sevan’s water level over the past several decades has caused rapid depletion of numerous flora and fauna species, especially waterfowl, water plants and endemic trout subspecies. The diversity of bird species in the area has been dramatically affected by the lowered water level, which drained the shallow marshes and Lake Gilly in the south end of the lake. Many species no longer frequent or breed in the basin, and the mix of species has been drastically altered.

42.
In addition to the lowered water level, intensive agricultural development has taken its toll on the regional flora and fauna. At least 165 regional and endemic species are endangered because of alteration of land use and poor land stewardship practices such as overgrazing and ineffective erosion control. Public harvest of wild species is unregulated, land use management in the basin has been haphazard, and little forest remains.

43.
Lake Sevan National Park, established in 1978 to protect ecosystems and preserve the biodiversity within the basin, has been substantially ineffective in achieving these goals because its physical boundaries, responsibilities and authority relative to the many other users of Lake Sevan and its watershed are not adequately defined. Current regulation defines the National Park as “a supervisor for compliance with environmental legislation,” which potentially creates conflict with authorities of national ministries and the State Environmental Inspectorate. 

44.
In the absence of a master land plan, privatization has caused land use planning in general to be fragmented and uncoordinated, with basic strategies undefined and responsibilities and authorities unclear. Consequently, in the territory of the National Park, there are conflicts in land use. Clearly, the Park is inadequately staffed and insufficiently funded to address the wide range of issues in its sphere of responsibilities. At present, Park management is virtually inactive due to a lack of funding. This has also inhibited all monitoring activities. Thus it is hard to quantify the level of natural resources exploitation in the Park. The main issues related to biodiversity are summarized in Box 8.
	Box 8: Main Problems and Issues related to
Biodiversity and the National Park

	Problems

· Loss of aquatic and terrestrial habitat;

· Disappearing bird habitats;

· Threatened and endangered plants; and

· Soil erosion.
	Policy Issues
· Unclear National Park boundaries;

· Unclear responsibilities and authority;

· Lack of monitoring;

· Inadequate land use planning; 

· Inadequately trained staff; and

· Inadequate funding.


Fisheries—An Assessment

45.
Changes in Lake Sevan's water quality have not impacted the fisheries negatively. Within limits, algae growth in general increases fish productivity until the eutrophication process becomes very advanced. Lake Sevan has not been an exception to this rule, as fish taken from the lake appear healthy and demonstrate a favorable growth rate. Changes in the lake's water quantity, on the other hand, has impacted the fisheries negatively. The change in composition of the fish population is related to the lowering of the water level causing loss of spawning grounds, as well as the destruction of trout brood stock by excessive fishing pressure.

46.
Before the introduction of whitefish and the fall in lake water level, trout comprised about 60 percent of the official fish catch from Lake Sevan. As the lake level fell between the 1940s and 1970s, total fish productivity gradually increased, but this increase coincided with a dramatic shift in species composition, with trout production declining dramatically as the whitefish catch increased. Because of the decline in the trout population, fishing for trout was officially banned in 1976 but illegal catching of river spawning species continued. The remaining two trout subspecies have been artificially reproduced in aging and poorly supported hatcheries. There are currently four trout hatcheries in the Sevan basin, all operating at only a small fraction of their design capacities. Additional problems are posed by a shortage of brood fish, eggs, and by technical inadequacies of the hatcheries.

47.
Fishing pressure increased dramatically during the recent years of economic difficulties. A shift from legal to intensive illegal fishing was reflected in the official catch in terms of size and age at capture. In the early 1990s, official catches plummeted, and the simultaneous drop in average fish size indicated that total fishing pressure had greatly increased over this period. It is currently estimated that illegal fishing yields are five to eight times the official landings.

48.
In order to try to control over-fishing, in 1996 the Government introduced a fishery licensing system under which catch quotas and gear restrictions are specified. Since the causes of excessive fishing depend largely on the economic situation, it remains to be seen whether this system will restrict total fish catch any better in future years than other systems have in the past. It is anticipated that enforcement will remain an important issue. The main issues related to fisheries are summarized in Box 9.
	Box 9: Main Problems and Issues related to Fisheries

	Fisheries - Problems
· Excessive fishing pressure;

· Loss of fish habitats;

· Illegal fishing; 

· Aging and poorly supplied hatcheries, and

· Continued disruption of monitoring systems.
	Policy Issues
· Difficult enforcement of licensing system.

· Control of illegal fishing during a period of economic hardship;

· Funding for management programs and hatcheries; and

· .Operational use of monitoring systems.


Rationale For Intervention 

49.
Lake Sevan is a critical resource for Armenia, enhancing the lives of Armenians in many important ways. However, if its value is to be maintained on a sustainable basis into the future, it must be more effectively managed and protected than in the past. The untenable loss of economic and strategic values, the degradation of ecological values, and reduction of amenity and cultural values provide a strong rationale for intervention.

Economic and Strategic Values

50.
Because the level of Lake Sevan has been lowered over many years, its capacity to serve downstream irrigation and energy users has been virtually depleted. The lake surface is now very close to the level of the only outlet to the Hrazdan River. There is no strategic reserve to supply additional energy or water during periods of drought or disruption of energy supply. This is regarded as an untenable national strategic position.

Ecological Values

51.
The over-use of Lake Sevan water has caused significant environmental changes to the lake and its surroundings. Alterations in the lake’s hydrological regime and stratification processes have resulted in physical and chemical changes within the lake. These changes have been aggravated by increasing loads of nutrients from domestic, municipal, and agricultural sources. Fish habitat has been destroyed, hastening the loss of four endemic trout sub-species and the high value fisheries they represented, along with a loss of biodiversity. Lake Sevan’s earlier significance as aquatic bird habitat, for resident and migratory species, has also been greatly degraded by the draining of shallow marsh areas. Lake Sevan was identified as the most urgent environmental priority in the process of preparing the National Environmental Action Plan (NEAP).

Amenity and Cultural Values

52.
The lowered lake level has also affected Lake Sevan’s tourism and recreational functions. Tourism facilities previously constructed at the shoreline are no longer at the water’s edge, and exposed shallow areas are often unsightly, leading to a reduction in recreational value and tourism potential. Finally, Lake Sevan has a great symbolic importance to the Armenian people and figures prominently in Armenia’s culture, history, poetry, and music. The people of Armenia, who have regarded the lake with esteem and adoration, now perceive it as being abused and damaged.

D.
Lake Sevan Action Plan - An Overview 

Development of the Action Plan

53.
In 1996, the development of an Action Plan for Lake Sevan was initiated. The Government of Armenia was provided with a grant from the World Bank’s Institutional Development Fund (IDF). Additional funding for foreign experts was provided by the Food and Agricultural Organization (FAO) and from the Governments of Finland, the Netherlands, Sweden and Switzerland. The objective of this Action Plan is to formulate a program for pro-active management of Lake Sevan where key problems are identified and prioritized according to economic, social, and environmental criteria. 

Preparatory Process and Methodology

54.
Sectoral working groups, consisting of local experts assisted by international consultants were established for specific subject areas:

· Institutional and regulatory issues (Working Group 1);

· Water resources management (Working Group 2);

· Point source pollution reduction (Working Group 3);

· Non-point source pollution reduction (Working Group 4);

· Fisheries rehabilitation (Working Group 5); and

· Biodiversity protection (Working Group 6).

55.
The working groups collected all relevant information, identifying and describing problems with the purpose of defining objectives and proposing sectoral actions. Various meetings were convened in both Yerevan and the Sevan basin with key stakeholders, including representatives from ministries, other government institutions and local governments, as well as fishermen and farmers. Consultations were also held with representatives of Armenian academic organizations, research institutes and nongovernmental organizations (NGOs). These meetings were held to identify and prioritize issues of importance as well as design appropriate actions. The views expressed by this broad range of stakeholders were considered in formulating the objectives and the Action Plan. In addition, the preparation process was supported by the International Conference on Lake Sevan which was sponsored by the Government of Armenia, Government of France and the United Nations Development Programme (UNDP). This conference provided an opportunity for the preliminary findings and recommendations of the Action Plan to be presented and discussed by a large number of Armenia and international experts drawn from a range of organizations.

Identifying Priority Problems
56.
Problems identified in the Action Plan by the working groups were evaluated and prioritized in order to focus on the most important problems. Priorities were determined by: (a) impact on economic productivity of the lake (such as agriculture, fisheries, tourism, hydropower production); (b) impact on ecology (ability of the lake and regional ecosystems to function in a sustainable manner); (c) impact on recreation; (d) emotional and symbolic impact related to Armenia’s cultural and historical heritage; and (e) urgency.

57.
Three main priority problem areas were identified: (a) loss of strategic reserve of water for irrigation and hydropower production caused by the lowered water level; (b) threatened ecosystem stability caused by the reduced level and deterioration in water quality; and (c) lessened amenity and cultural value. However, it is important to acknowledge that priorities will change over time and the Action Plan must be continuously updated to respond to changing needs.
Review of Complementary Proposed Projects

58.
The working groups identified and reviewed a series of complementary proposed projects which have served as “building blocks” for development of the Action Plan. These proposed projects are broad in their scope and often include a number of sub-activities. Following the establishment of priorities and evaluation of alternatives for phased implementation of activities, the working groups have consolidated these into an Action Plan which fully or partially includes the recommended activities from these projects. 

Goals and Objectives of the Action Plan

59.
It was concluded by the working groups that returning to the pre-development scenario of the early twentieth century by raising the lake level by 19 meters is not a realistic option. Economic losses caused by flooding surrounding land and infrastructure and ceasing to provide water for electricity and irrigation over a long period of time would be staggering. On the other hand, continued unsustainable utilization of Lake Sevan is unacceptable to the Armenian people.

60.
The vision on which the Action Plan is based is a restoration of Lake Sevan that takes into account its many uses. Sustainable management of the lake would seek to: provide opportunities for development of tourism and recreation; protect and enhance biodiversity; improve fisheries in a sustainable manner; control and minimize pollution discharges; improve institutional arrangements to more effectively integrate all user groups within the watershed in the ecological management planning process; and restore the strategic value of Lake Sevan.

Setting Objectives

61.
Consistent with this vision and taking into account the problems which have been identified, the primary objective of the Action Plan is to optimize the economic, ecological, cultural, and amenity functions of Lake Sevan in a sustainable manner for their enduring use by the people of Armenia. More specifically, the Action Plan intends to improve the strategic capacity of the lake and the state of its ecosystem, and prevent additional damage.

Defining Priority Actions

62.
After potential strategies and actions were developed by the various working groups, these were evaluated against a set of criteria to select the most effective and appropriate strategies for achieving the objectives of the Action Plan. Actions focused on mitigation or prevention were prioritized based on:

· Financial requirements and cost-effectiveness (cost of strategy, and least expensive means to achieve the objectives); 

· Institutional implementation capacity (ability of existing institutions to achieve results); 

· Compatibility with Government policies, economic plans and legal framework; 

· Level of support (acceptability of the strategy to technical experts, government decision makers, the public and NGOs); 

· Sustainability (ability of the strategy to achieve objectives on a long-term basis); 

· Immediacy (time factor for achieving the results); and 

· Cross sectoral integration (when the proposed strategy has secondary synergistic effects concerning a problem issue other that the one it is designed to address).

63.
Strategies and actions related to policy measures, regulatory and economic policy instruments, and investment actions were arranged into three phases: 

· Phase I - Projects which are considered to be pre-requisite to a successful implementation of the Action Plan;

· Phase II - Projects that can be incorporated into ongoing programs with limited cost; 

· Phase III - Low to medium cost projects that are prerequisites for more substantive development programs; and 

· Phase IV - Major investment projects for which there is currently insufficient information to assess technical or economic feasibility. 

The various criteria, objectives and action groups are summarized in Box 10.

	Box 10: Development of the Action Plan - Criteria, Objectives and Actions

	Criteria for Prioritizing Problems
	Priority Problem Groups
	Objectives of the Action Plan
	Criteria for Prioritizing Actions
	Priority Action Groups

	· Impact on economic productivity and efficiency

· Impact on ecology

· Impact on tourism and recreation

· Emotional and symbolic impact as related to cultural and historical heritage

· Urgency of the problem.


	· Loss of strategic reserve of water

· Threatened ecosystem stability

· Reduced amenity and cultural value.


	· Improving the strategic capacity of the lake

· Improving the state of the Lake Sevan eco-system and preventing additional damage
	· Financial requirements and cost-efficiency

· Institutional implementation capacity

· Compatibility with government policy

· Sustainability

· Immediacy

· Cross sectoral integration
	· Policy measures

· Regulatory and economic policy measures

· Investment actions


Discussion of Costs and Benefits

64.
When valuing the benefits associated with the Action Plan, the relationship between the lake ecosystem and the Action Plan’s various socio-economic components must be considered. No clear separation can be made between conservation and development activities. Single-purpose projects will most likely fail or else produce undesirable effects. Not all direct economic benefits of the proposed activities are easy to quantify, especially for “non-capital investment” activities such as establishment of the Lake Sevan Commission and revised legislation. “Tangible” benefits anticipated from the implementation of the proposed activities include increased local income from fisheries and tourism, etc. In addition, short-term direct benefits include employment opportunities for Armenian technical experts and for workers in various construction activities.

65.
A detailed cost benefit analysis was carried out for the proposed completion of the Vorotan Tunnel taking into account various costs (lost electricity, inundated land, lost buildings) and benefits (value of additional water for irrigation and energy production purposes, value of a buffer stock of water for emergencies, increased fish catches, increased tourism.
) This analysis indicates that it is clear that increasing the level of the lake by limiting water releases is the only action with a positive net present value. This means that measures to accelerate the rate of increase could have significant adverse financial impact.  A summary of the estimated time requirements to increase the water level of the lake is presented in Box 11 and the result of the cost-benefit analysis of the alternative measures to increase the water level, including construction of the Yeghvard Reservoir is presented in Box 12.

66.
For the activities of the other working groups, only financial estimates of direct costs were made (capital investments, operations and maintenance costs, cost of technical assistance). The “non-tangible” benefits, such as the cultural and historical value of Lake Sevan, are more difficult to capture in monetary terms. To provide some information on this, a contingent valuation study of the environmental value of Lake Sevan is currently under consideration for funding by the World Bank Research Committee to be carried out as a research activity.

	Box 11. Estimated Time Requirements to Increase the Water Level of Lake Sevan

	Method of Increase
	3 m.
	6 m.

	· Construction of Vorotan Tunnel + limiting releases to 370 million m3/y.
	15 years
	37 years

	· Completion of Yeghvard Reservoir + limiting

· Releases to 370 million m3/y.
	26 years
	72 years

	· Construction of Vorotan and Yeghvard + limiting releases to 370 million m3/y.
	10 years
	31 years

	· Limiting releases to 370 million m3/y only.
	34 years
	85 years


	Box 12. Summary of Cost-Benefit Analysis of Increasing the Water Level of Lake Sevan

	
	Vorotan + limited release
	Yeghvard + limited release
	Vorotan, Yeghvard + limited release
	Limited release only

	Net Present Value:
	- $25 million
	- $34 million
	- $44 million
	$20 million

	Time required for 

3 m. level increase:
	15 years
	26 years
	10 years
	34 years

	Estimated financing requirement for energy purchases
	$15 million
	$100 million
	$115 million
	------


E.
Action Plan Components

Improving the State of Lake Sevan

67.
The purpose of this section is to provide an overview of a recommended Action Plan to improve the state of Lake Sevan. It is proposed that the Action Plan be implemented in a phased manner, to allow expenditures be spread over a number of years and the investment program to benefit from pilot projects and detailed feasibility studies. It should be noted that many of the proposed activities could be carried out as low- or no-cost measures aimed at strengthening overall lake management capacity and improving the policy and regulatory environment. The initial capital investments proposed, consist in large part of pilot projects that would be implemented on a full scale depending on their results.

68.
The underlying assumption for the proposed activities is that management of Lake Sevan should be based on an integrated approach that views the lake as a valuable natural resource which can fulfill multiple uses in a sustainable manner. The Action Plan maintains that this is only possible through an approach that involves all sectors. Therefore it proposes establishment of a management structure with broad responsibilities, with an initial set of legal and regulatory reforms, development and implementation of a complementary series of preservative and restoring activities, and proper pricing and economic policies. It also places emphasis on extensive and consistent stakeholder participation.

69.
Self-financing mechanisms, based on user fees and the “polluter pays principle” and the “user pays principle” should, in general, be a guiding principle in lake management. The proposed activities are based on policy and regulatory improvements supported by necessary institutional adjustments, capacity building and capital investments supporting the polluter and user pays principles. Recognizing the current economic transition which Armenia is undergoing and the diverse demands on limited national resources, it is anticipated that a portion of the costs of the Action Plan would be support by loans and grants from multilateral and bilateral sources over the short and medium term.

Key Elements of the Action Plan

70.
The Action Plan supports activities in the following key areas: 

· Establishment of the Lake Sevan Commission

· Policy Measures and Instruments, and Legal Reforms

· Integrated Policy and Planning Activities

· Increasing Water Quantity

· Improving Water Quality

· Biodiversity and the National Park

· Fisheries

· Applied Research

· Environmental Awareness
Establishment of the Lake Sevan Commission

71.
Lessons learned from other countries demonstrate that the creation of strong institutions, mandated by legislation to identify and act upon problems related to lake management, has provided an active and responsive network of policy and science to address and anticipate issues. Clearly, one of the main challenges for achieving integrated watershed management of Lake Sevan will be to improve the capacity of institutions, communities and individuals to manage the Lake Sevan watershed efficiently and sustainably.

72.
To create institutional preconditions for integrated watershed management and efficient implementation of the Action Plan it is suggested that that a “focal point” for all Lake Sevan related issues be established. During discussions with Government and stakeholders it was emphasized that important criteria for the structure and location of such a “focal point” were: independence from line ministries, simple organizational structure, cost efficient management, and a perceived “fair” representation.

73.
It is proposed that an “independent” Lake Sevan Commission be formed as a Presidential Executive Committee under the authority of the Government, headed by the Prime Minister. The Commission would consist of no more than ten representatives from the Ministries of Nature Protection, Agriculture, Energy, Finance and Economy, the Environmental Advisor to the Nature Protection and Human Health Committee of the Parliament, representatives of Gegharkounik Administrative Province and the local authorities and an representative for NGOs. The administration of the Commission would be carried out by a Secretariat with a small managerial core staff, supported as needed by designated experts in relevant areas. 

74.
It is anticipated that the primary functions of the Commission would be to manage and coordinate the process of policy preparation; supervise and coordinate implementation and enforcement of lake management policy; and regularly update the Action Plan. In order to effectively function, the Commission would need to have a significant presence at Lake Sevan to allow it to conduct, on a daily basis, management activities in an interactive manner with national government entities, local authorities, residents and NGOs. This would require that the Commission have a large portion of its personnel assigned on a permanent basis in the Lake Sevan Basin. In addition, it should have extremely strong links with Gegharkounik Province and a number of the functions of the Commission should be delegated, on a cooperative basis, to the Province for implementation.
75.
The Secretariat would be responsible for obtaining and organizing the information needed for policy preparation. In addition, the Secretariat would be responsible for coordinating the implementation of the Action Plan, promoting public awareness, organizing stakeholder participation, and providing general information services in regard to Lake Sevan. To undertake these tasks, the Secretariat would require training in management and administration, project identification, appraisal, financing and implementation coordination.

Policy Measures and Instruments, and Legal Reforms

76.
Most of the issues related to the policy, legal and regulatory framework are of a generic nature rather than specific to Lake Sevan, and will therefore be addressed in the upcoming National Environmental Action Plan (NEAP) being prepared by the Ministry of Nature Protection in cooperation with the World Bank. The main issues related to Lake Sevan are linked to the absence of integrated management of the lake’s watershed. The purpose of the proposed policy improvements is to provide an enabling policy and regulatory environment that promotes the recovery of Lake Sevan and a sustainable use of its resources.

· Consolidated laws and regulations on Lake Sevan. In order to eliminate contradictions and discrepancies in current legislation and to create an efficient legal basis for management of Lake Sevan issues in an integrated manner, it is proposed that the various laws related to Lake Sevan be consolidated into one Lake Sevan Law. The Lake Sevan Law should: (a) declare Lake Sevan in need of specific protection; (b) define the policies and strategic objectives of lake rehabilitation (Lake Sevan Environmental Action Plan); (c) assign responsibility for lake rehabilitation and Action Plan implementation to the Lake Sevan Commission (to be established); (d) define instruments for maximum allowed annual discharge, emergency discharge rules, basis for user fees for Lake Sevan water, enforcement procedures and mechanisms etc; (e) determine procedures for decision making for lake management; and (f) ensure adequate stakeholder participation in the management of the lake.

· Laws Governing Lake Sevan National Park. Laws and regulations for Lake Sevan National Park need to be revised to provide a clear definition and delineation of the park’s land areas and functional zones. In order to maximize sustainability of activities, the local population should be actively involved in defining land use control, area borders, and resource utilization. This is a low cost activity which should be addressed as a priority under the Action Plan given its low cost and broad implications and importance for protection of these nonrenewable resources.

· Revision of the legal framework for biodiversity and protected areas. In addition to the Lake Sevan Law, the present legal system related to biodiversity, national parks, and sensitive meadows needs to be revised. A legal framework for protection of species and genetic resources, overgrazing, use and marketing of plant resources, etc., needs to be drafted. A legal committee with representation from relevant ministries, government institutes, stakeholder groups should be established. International technical advice would be contracted to assist in preparation of the plan. This activity could be carried out either in conjunction with implementation of the NEAP process or the Lake Sevan Action Plan.

· Strengthen law and regulatory enforcement. The scientific work on which regulations for water quality, biodiversity and fisheries are based has been virtually abandoned due to lack of funding. Even if staff were available to carry out such responsibilities, there are no funds for basic monitoring tools such as laboratory equipment, vehicles, gasoline etc. To gradually introduce efficient and effective enforcement of law and regulations, it is proposed that the enforcement administration be strengthened through restructuring of the organization, drafting and implementation of revised strengthened procedures, training and provisions of essential equipment (office equipment, vehicles). 

Integrated Management Policy and Planning Activities. 

77.
Current management of Lake Sevan does not allow optimal use of the lake’s water nor does it reflect interactions between water and land use and biodiversity protection. A Policy for the Integrated Management of the Lake Sevan Basin should be prepared and adopted to provide the National Government, the local authorities and the Lake Sevan Commission adequate authorities to manage this area in a proactive manner. In order to implement this policy, the Action Plan would include three complementary integrated planning activities that provide a framework for the long-term planning and routine management of the Lake Sevan Basin. The Ministry of Nature Protection would coordinate the preparation and implementation of these plans with the support of the Secretariat of the Lake Sevan Commission and other governmental and non-governmental bodies in Armenia. These plans could be used as models for other ecologically sensitive areas in Armenia which require special management measures.

· Integrated water resources master plan for the Lake Sevan Basin. The water resources plan would address the concerns of all users (domestic, industrial, agriculture, energy and ecological functions) and would provide the basis for decisions on withdrawal limitations, emergency releases, pricing policies that provide incentives for water conservation and reduce water pollution, tariff policies that imply full cost recovery, requirements and methods of supply side management, etc. National working groups with wide representation from relevant ministries, government institutes, and stakeholder groups would be established. International study tours would be organized. An international consulting group would be contracted to work with Armenian experts to carry out a comprehensive study as a basis for the plan. An integrated Lake Sevan watershed management policy would be presented to the Government for review and adoption. It is anticipated that this plan would be a complement to a National Water Resources Master Plan which would address water management issues outside the Lake Sevan Basin. It is expected that the National Plan would use the same criteria for water withdrawals under routine and emergency situations adopted in the plan for the Lake Sevan Basin.

· Land use and biodiversity plan. The plan would provide a framework for the management of land use and conservation of biodiversity in the Lake Sevan Basin. It would include new rules for land use, introduction and promotion of sustainable land management and ecologically sustainable farming methods. The plan would specify a Code of Good Agricultural Practice for specific use in the Lake Sevan Basin. It would also propose restrictions for economic activity in the basin whose implementation would be monitored by the Secretariat and other parties. Armenian working groups with wide representation from relevant ministries, government institutes, stakeholder groups would be established. International technical advice would be contracted to assist in the preparation of the plan. The plan would be presented to the Government as part of the integrated policy for management of this ecologically sensitive area.

· Industrial pollution management plan. An industrial pollution management plan should be in place when industrial activities in the basin recover. The plan would include manuals for administration, monitoring, enforcement, incentive structures etc. Armenian working groups with representation from relevant ministries, government institutes, businesses and other stakeholder groups would be established. International technical advice would be contracted to assist in the preparation of the plan. The plan would be presented to the Government for review and adoption as part of the integrated policy. The industrial pollution management plan could provide a model approach for use in other areas in Armenia which may experience industrial redevelopment as part of the economic recovery process. 

Increasing Water Quantity

78.
The management of the quantity of water in Lake Sevan must be viewed in the context of Armenia’s overall water strategy which is proposed to be the subject of two complementary studies described above. Activities intended to increase the water level of Lake Sevan consist of policy and regulatory measures including restricted water releases and pricing policies; promotion and adoption of technical measures to increase efficiency and reduce water losses by agriculture, domestic users and industry; management and technical actions which can be taken to make hydropower generation more efficient and therefore require reduced releases; and potentially by technical measures to increase the inflow in the lake. It should be recognized that it is the combination of these actions, some taken within the Lake Sevan Basin and others taken downstream which are required in combination to allow for an increased quantity of water which would result in the associated rise in the water level.

79.
The development of the Action Plan has identified two technical measures which were initiated prior to the re-independence of Armenia which should be given more detailed study and possible consideration for funding. These are the finalization of the Vorotan Tunnel would provide an additional 165 million cubic meters/year and construction of the Yeghvard Reservoir which would reduce the need for agricultural water releases from Lake Sevan. Recommended actions concerning these measures are:
· Feasibility studies for Vorotan Tunnel and Yeghvard Reservoir. This activity would include a review by an independent consultant consisting of an interdisciplinary team of Armenian and international experts of the original and current plans for these facilities, assessment of the status of partial construction, identify possible alternative designs, review proposed operational procedures, conduct environmental and social impact assessments, and prepare a cost-benefit analysis which assess the impacts on Lake Sevan and other areas. In order to meet with the requirements of potential sources of international funding these studies would require that these proposed investments be evaluated in the context of Armenia water resources strategies, that their linkage with agricultural and energy polices be revised and that extensive re-evaluation of adopted design and construction approaches be undertaken. Cost estimates for construction would need to be re-evaluated in detail and adjustments made to meet international practices including use of physical and price contingencies. The environmental and social assessments would include mitigation plans which need to be integrated into any proposed project. The environmental assessment would evaluate the impacts of the reallocation of water from the Vorotan drainage basin to the Lake Sevan Drainage Basin. It is proposed that an international consulting firms be contracted to prepare these two feasibility studies for consideration by the Government and that these be coordinated by the Lake Sevan Commission. 

· Possible completion of Vorotan tunnel and/or Yeghvard reservoir. Subject to the findings and recommendations of the feasibility studies, including the environmental impact assessment, a decision may be made to implement these proposed investment projects in the context of the Lake Sevan Action Plan. It should be noted that potential international waters issues associated with the proposed Vorotan tunnel would need to be addressed prior to any potential involvement of the World Bank in funding construction of this proposed project.

Improving Water Quality
80.
Water quality issues should be are addressed through preventive and mitigating activities reducing pollution from agricultural operations and domestic sources. In the first stage, it is suggested that pilot projects be implemented in parallel with extensive monitoring activities to enable evaluation of all costs and benefits of the activities. Key proposed activities include:

Point Source Pollution

81.
With the existing institutional capacity, tariff structure and billing collection rates it is highly unlikely that the local water enterprises would be capable of operating new conventional wastewater plants on a sustainable basis. Thus, investments in wastewater treatment and collection around Lake Sevan have to be determined in view of operation and maintenance costs. This situation results in emphasis being given to low cost approaches such as ecological engineering which have low costs for investment, operation and maintenance.
· Ecological engineering wastewater treatment facility. It is recommended that the Action Plan support a pilot activity for development of a domestic wastewater treatment facility which uses low-cost ecological engineering approaches. The appropriate ecological engineering approach would be decided after detailed surveys. It is anticipated that a combined sub-surface horizontal flow constructed wetland/infiltration plant might be appropriate. This activity would include support for a feasibility study, civil works and equipment, and technical assistance for operation and maintenance and monitoring. The pilot activity would allow for development of locally based information for investment, operation and maintenance costs for these types of facilities. 

· Wastewater treatment plants in Gavar, Martuni, and Vardenis. Support to the construction of wastewater treatment plants in Gavar, Martuni and Vardenis which would provide coverage to the towns and adjacent villages. The wastewater treatment technology to be adopted should be considered in view of the results from the ecological engineering treatment facility and be designed according to international best practice in similar situations. In addition to support for feasibility studies and the construction of the treatment facilities, technical assistance from international sources would be provided for strengthening of management and administration.

· Wastewater collection network rehabilitation and extension. This activity would complement the construction of the wastewater treatment plants by supporting rehabilitation and extension of the wastewater collection network in the three towns and nearby villages. This activity would support measures for approximately 25 kilometers of main collectors and 90 kilometers within the collection network. Support would be provided for detailed design, construction activities and training in maintenance of wastewater collection networks.

· New Sewage Pipeline for Jermuk. Support to design and construction of a new sewage pipeline under the Ketchuk reservoir which provides water through the Arpa Tunnel to Lake Sevan. The reservoir is being polluted by wastewater from Jermuk town as the sewage collector at the bottom of the reservoir is broken. It is planned that a feasibility study and cost-benefit analysis be carried out before undertaking this investment to verify the costs of this activity and review alternative measures.

· Improve selected solid waste sites. Investigations indicate that the problems at the present landfills are not caused by the solid waste handling itself, but by lack of equipment and facilities, inadequate operational procedures and funds for operations. It is proposed that the Action Plan would support small-scale activities which would include fencing, bulldozing, earth covering and an upgrade of the operational procedures.

Non-Point Source Pollution

82.
Non-point source pollution from agriculture, including livestock operations has been identified as a major source of pollution to Lake Sevan. Control programs are complex due to the need to work with farmers to change their agricultural and animal husbandry practices. Effective schemes to address this problem require outreach programs with farmers and environmental awareness measures. It is anticipated that the recommended actions be complemented by environmental awareness programs to be supported under the National Environmental Action Plan and the Lake Sevan Action Plan. 

· Introduce ecologically sustainable farming methods (Good Agricultural Practice). This activity would support the field level demonstration of ecologically sustainable farming methods on individual farms and on pilot watersheds within the basin. It would include development of farm and watershed management plans, training and outreach activities, provision of equipment, construction of on-farm manure and urine storage, establish field trials, and monitoring. The activity would be undertaken by Armenian and international specialists. The activity will consist of a pilot program which could be used as a national demonstration site for this type of activities. It is possible that selected activities could be initiated in the context of agriculture and rural development projects supported by multilateral and bilateral organizations which are cooperating with Armenia.

· Support for ecological farming and watershed management. Based on the experience gained through the demonstration activity described above, a full-scale program would be undertaken which would include support for advisory services, farming machine pools, assistance in applying for small agricultural credits, construction of on-farm manure and urine storage, planting of buffer strips and other erosion protection measures.

Biodiversity and the National Park

83.
The Lake Sevan Basin has important biodoversity values which need to be conserved and concurrent actions need to be taken to strengthen management of the national park. In addition, to the policy and legal measures described earlier, it is recommended that the Action Plan support the following measures:

· Establish restricted biodiversity reserves. Certain areas, rich in relic, endemic and rare flora and plant formations with the Lake Sevan Basin need to be fully protected or contained within strictly controlled land use zones. A first selection of areas has been identified because of the need for quick action to protect disappearing biodiversity. Armenian working groups with representation from relevant ministries, government institutes, and stakeholder groups should be established. International technical advice contracted to assist if needed. A proposal for the establishment of these areas should be prepared by the Ministry of Nature Protection and the Lake Sevan Commission for Government review and approval.

· Strengthen Lake Sevan National Park. The Action Plan would support strengthening of the management of Lake Sevan National Park by streamlining of administration, training of staff, provision of office equipment, and basic equipment and vehicles for carrying out park management. This activity would assist in developing a management approach for the National Park which would seek to achieve a sustainable balance between preservation of landscapes and biodiversity, regeneration of natural resources and their rational use. Adoption of new management approaches required for a modern and effective organization would be achieved through practical training in administration, planning and management. This would include provision of specialized training through cooperation with other organizations responsible for management of national parks under similar settings ("twinning arrangements"). Support would also be provided to strengthen the Park's scientific and technical council. This activity would include support for specific education and training programs on nature protection and biodiversity awareness for the public which would be complemented by broader environmental awareness initiatives in the context of NEAP.
· Promotion of Caucasus cooperation on biodiversity management. Given the exceptionally rich biodiversity in the Caucasus region, action should be taken on a regional level to promote cooperation in biodiversity management. Recommended activities include organization and participation in conferences, workshops, regular exchange of information and data. It is proposed that a coordination group be established to review the scope for cooperation and develop a practical work plan. The first meeting of the coordination group could be held at Lake Sevan given its central role in the conservation of biodiversity in the region.

· Restoration of the Gilly Lake. It is proposed that an activity be undertaken to restore the former Gilly Lake be restored and that the Gilly Lake and Masrik River basin be established as a reserve. This would provide an pilot activity for nature restoration which could be replicated at other sites in the Lake Sevan Basin or elsewhere in Armenia. Implementation of this activity would include preparation of an ecological base-line survey, preparation of technical plans for restoration and management, engineering services, support for civil works, and a field based monitoring program.

Fisheries

84.
The fisheries of Lake Sevan represent an important natural resource whose sustainable management requires close cooperation with fishermen, effective enforcement of regulations and greater public awareness of the sensitivity of this resource. Two key actions recommended for the Action Plan are:

· Rehabilitation of trout hatcheries. To support hatchery reconstruction  with  both physical works and equipment for a semi-natural reproduction process. Support for training of personnel in the operation of the rehabilitated hatchery and support for monitoring of hatchery operations and of stocking programs. This action would support the economic welfare of local fishermen, secure an important high value food source and conserve biodiversity.

· Development of crayfish fishery. Development of the Action Plan identified the potential for development of a commercial crayfish industry as a way to diversify and expand opportunities for sustainable use of the aquatic resources of the lake. This activity would support activities for sampling of crayfish population, purchase of fishing gear, market research, training and technical assistance. If successful, this activity could provide for expanded local employment and sustainable use of a current non-exploited local resource. 

Applied Research

85.
The Action Plan would include a series of applied research activities which are necessary to enable sustainable environmental management of Lake Sevan and its watershed. These activities would be coordinated by the Secretariat of the Lake Sevan Commission and key management organizations to ensure that certain the supported activities are directly relevant to on-going and planned policy and management actions. Recommended measures include: 

· Environmental data collection program. This would facilitate modernization, upgrading and integration of the systems used in Lake Sevan Basin for the collection, processing, and dissemination of data. This would include activities for the review and design/redesign of data collection programs, development of standardized methods for data collection and recording, training of personnel and procurement of equipment. 

· Lake monitoring and analysis program (quality and quantity). This activity would support a lake monitoring and analysis program which would evaluate both water quality and quantity. This would include support for provision of modern water quality monitoring equipment, modernization of laboratory facilities, systems for processing and presentation of data, and on-the-job training of personnel.

· Ecosystem monitoring and analysis program. The Action Plan would include an ecosystem monitoring and analysis program giving special emphasis to issues related to fisheries and biodiversity. This activity would include support to enhance the various monitoring programs through activities for standardization and improvement of data collection, processing, analysis and dissemination concerning ecosystems. Key activities would include the preparation of inventories and development of maps.

· Hydrodynamic and ecological modeling. This would support the development of management oriented models including the design of their data collection, analysis and dissemination systems. This activity would be undertaken by Armenian experts with the support of international specialists who would assist in the development of the models based on experience with similar sites. Support for computer hard- and software required for modeling activities would be included.

Environmental Awareness

86.
The Action Plan would support an environmental awareness program which will consist of several sub-components. In particular, public education and trainingactivities for a wide range of parties active in the Lake Sevan Basin including administrators, fishermen and farmers. Special emphasis would be given to school children (classroom education and excursions), preparation of training material and other campaign support, seminars and training courses for teachers and other interested parties, utilization of mass media, etc. Activities should be carried out together with proposed environmental awareness activities under the National Environmental Action Plan and ongoing efforts of the United Nations Development Programme. Environmental awareness activities in the Lake Sevan Basin could be conducted by a diversity of parties including community based organizations and NGOs.

A Phased Implementation Program for the Action Plan

87.
It is anticipated that the proposed Action Plan would be implemented in a phased manner though a variety of actions which collectively and cumulatively would support achievement of an improved status of Lake Sevan. The proposed implementation program, cooperatively developed by the working groups, and supports parallel actions for addressing management, policy and legal issues, development of integrated plans while at the same time undertaking investment activities and institutional strengthening through technical assistance and training. The technical assistance activities would concentrate on capacity building, preparation of feasibility studies, strengthening of monitoring and enforcement activities, and environmental awareness. 

88.
The technical assistance and capital investment activities are divided into projects that are considered to be pre-requisite to a successful implementation of the Action Plan (Phase I Projects), projects that initially could be incorporated into ongoing programs with limited cost (Phase II Projects), low-medium cost projects, which are pre-requisites to more substantive development programs (Phase III Projects), and major investment projects, which currently have insufficient information to assess technical or economic feasibility (Phase IV Projects). Phase I activities amount to an estimated total of US $2.0 million. Phase II to approximately US $4.2 million, Phase III activities to US $6.8 million, and Phase IV to approximately US$ 17.0 million without the Vorotan Tunnel and Yeghvard Reservoir (for which the capital costs are estimated to about US$15 million and US$ million representively). The structure of the proposed phased program of implementation for the Action Plan is summarized in Table 1.

Table 1.  Lake Sevan Action Plan - Phased Implementation Program

	Activities
	Implementing Agency
	Estimated Cost US $
	Progress Indicators

	PHASE I

	Establishment of the Lake Sevan Commission

	Establish Lake Sevan Commission (LSC).
	Prime Ministers office, MONP
	900,000
	Formal establishment of Commission.

Staffing the Commission.

	Policy Measures and Instruments, and Legal Reforms

	Consolidated laws and regulations on Lake Sevan.
	LSC
	300,000
	Drafting and passing of law with well grounded justification and including credible enforcement mechanisms.

	Strengthen law and regulatory enforcement.
	GEI (and land inspectorate)
	100,000
	to be determined in business plan

	Integrated Management Policy and Planning Activities

	Integrated water resources master plan.
	LSC (MOA, MOE, MOF, MONP)
	500,000
	Development of the plan and adoption by Government as governing water management policy.

	Land use and biodiversity plan.
	MOA, MOF, MOE, MONP
	100,000
	Development of the plan and adoption by Government as governing policies.

	Industrial pollution management plan.


	MONP
	100,000
	Development of the plan and adoption by Government as governing policy.

	Subtotal for Phase I
	     2,000,000




	Activities
	Implementing Agency
	Estimated Cost US $
	Progress Indicators

	PHASE II

	Environmental Awareness

	Environmental awareness/public education campaign
	Communications Department of MONP
	500,000
	Measured in number of meetings, workshops, seminars, media appearances etc. 

	Improving Water Quality

	Introduce ecologically sustainable farming methods (Good Agricultural Practice).
	MOA
	1,500,000
	Demonstrated reduction in discharges from pilot farms

	Support for ecological farming and watershed management.
	MOA
	2,000,000
	Demonstrated reduction in discharges from pilot farms

	Improve selected solid waste sites.
	Relevant municipality
	100,000
	Completion of “clean-up”

	Biodiversity and the National Park

	Establish restricted biodiversity reserves.
	LSC, MOA, MONP, Local Governments, LSNP, stakeholders
	100,000
	Formal establishment of reserves

	Subtotal for Phase II
	      4,200,000


	Activities
	Implementing Agency
	Estimated Cost US $
	Progress Indicators

	PHASE III

	Increasing Water Quantity 

	Feasibility studies for Vorotan Tunnel and Yeghvard Reservoir, including Environmental Impact Assessment and Social Assessment.
	LSC
	1,500,000
	Completion of feasibility studies and official discussion of results leading to decision making.

	Improving Water Quality

	Ecological engineering wastewater treatment facility.
	Relevant municipality
	750,000
	Demonstrated reduction in discharges from settlement

	Biodiversity and the National Park

	Strengthen Lake Sevan National Park.
	LSNP
	800,000
	to be determined in business plan

	Promotion of Caucasus cooperation on biodiversity management
	MONP, LSNP
	100,000
	Regular meetings and exchange of information

	Fisheries

	Rehabilitation of trout hatcheries.
	Hatchery 
	1,000,000
	Production figures for hatchery

	Development of crayfish fishery.
	to be determined 
	150,000
	Evaluation of pilot operations

	Applied Research

	Environmental data
	UNEP-Grid, AU in Yerevan, LSC.
	200,000
	Armenia classified as “Phase 3” under the UNEP-Grid Program

	Lake monitoring and analysis program (quality and quantity).
	IHI, Sevan Lab., Sevan Observatory
	1,500,000
	Review of data quality and dissemination

	Ecosystem monitoring and analysis program
	IHI, LSNP, Gegharkounik REPD
	600,000
	to be determined

	Hydrodynamic and ecological modeling.
	IHI
	200,000
	Development of model and submission of first scenario report

	Subtotal for Phase III
	       6,800,000


	Activities
	Implementing Agency
	Estimated Cost US $
	Progress Indicators

	PHASE IV

	Increasing Water Quantity:

	Possible completion of Vorotan tunnel
	Public works project
	15,000,000
	a. Increased volume of water into lake

b. Reduced need for water withdrawals from lake

	Possible completion of Yeghvard reservoir.
	Public works project
	100,000,000
	a. Increased volume of water into lake

b. Reduced need for water withdrawals from lake

	Improving Water Quality

	Wastewater treatment plants
	Relevant municipality
	7,200,000
	Reductions in wastewater discharges

	Wastewater collection network rehabilitation and extension
	Relevant municipality
	8,500,000
	Reduced wastewater losses, number of units provided with services

	New Sewage Pipeline for Jermuk.
	Relevant municipality
	600,000
	Reductions in wastewater discharges

	Biodiversity and the National Park

	Restoration of the Gilly Lake - pilot project
	LSNP
	400,000
	Increased area of habitat

	Subtotal for Phase IV (without Vorotan and Yeghvard)
	    17,000,000

	TOTAL (without Vorotan and Yeghvard)
	    30,000,000


	AU
American University
	MOE
Ministry of Energy

	GEI
Gegharkounik Environmental
	MOF
Ministry of Economy and Finance

	LSC
Lake Sevan Commission
	MONP
Ministry of Nature Protection

	IHI
Institute of Hydroecology and Ichthyology
	REPD
Regional Environmental Protection Department

	LSNP
Lake Sevan Nature Park
	MOA
Ministry of Agriculture


F.
Ensuring Effective Implementation of the Action Plan

89.
The main requirement for successful implementation of the Action Plan is Government and stakeholder ownership, combined with sustained political commitment and broad based public support. The success of the Action Plan will depend on a number of actions involving national and local governments, industrial leaders, businessmen, NGOs and local people. Many of the necessary actions do not involve large capital investments, but instead require sometimes drastic changes in behavior and attitudes. It is anticipated that the Government of Armenia will adopt the Action Plan as a national policy for the Lake Sevan Basin, thus expressing its commitment to support the principles and intent of the Action Plan through legal and regulatory changes, institutional adjustments and capital investments.

Public Awareness and Stakeholder Participation

90.
In addition to the appropriate consultation and participation of people at all levels of society, as required by the Armenian Constitution, the success of this Action Plan also depends on the active contribution of various stakeholders to the implementation of regulatory and conservation programs in the Sevan Basin. In order to enhance awareness and understanding of the urgency, as well as the impact of various activities, stakeholder commitment will be sought through consultation during the preparation process and through information, communication and participation during implementation.

91.
Key stakeholders have already participated at various stages of preparation and will continue to be important partners in ensuring effective implementation and sustainability of the Action Plan. A critical component for increasing public environmental awareness will be the collection, processing and analysis of environmental data and effective dissemination of resulting information to all stakeholders, including the public, resource managers, resource users, researchers and NGOs. Grounding the Plan in the specific cultural and emotional context of Armenian society will complement this factual approach.

92.
Consequently, promotion of public environmental awareness is considered as one of the priority activities under the Action Plan and a detailed stakeholder participation plan, prepared under the NEAP, will also be utilized for implementation of the Action Plan. These communication activities will be a collaborative task of government and non-governmental organizations. Activities to enhance capacity in this respect will be included as one of the core components of the Lake Sevan Public Awareness program. 

Institutional Arrangements

93.
It is recommended that the implementation of specific activities in the Action Plan be coordinated by the Secretariat to be established under the Lake Sevan Commission. A sub group within this Commission will be formed to manage the public awareness and public consultation activities, which will be intersectional.

Financing and Cooperation with Other Organizations

94.
With extremely limited national resources, and a requirement to keep strict control over government expenditure, the prioritization of expenditures is essential. Currently, the national expenditure priorities for Armenia are: (a) provision of a secure energy supply; (b) provision of basic social services (health, education and poverty alleviation); (c) maintaining existing infrastructure (energy, transport, communications etc.); and (d) capital investments which are likely to generate economic growth. Clearly, funds for environmental investments are limited and should go to actions which will support economic growth, or address problems which may be aggravated by economic growth. In this context, a number of possible financing strategies for the Action Plan have been developed in the report “National Environmental Finance Strategy
”.

95.
Local financing could be increased through a number of improvements in the existing institutional and legal structure. In addition, in order to optimize the use of funds, efforts should be focused on building environmental elements into projects in other sectors (e.g. energy, transport, water supply). The Ministry of Nature Protection proposes to:

· Introduce an indexing mechanism to ensure that water and mineral extraction charges are not eroded by inflation;

· Amend the system for charges on mineral extraction by replacing the flat rate payments with charges calculated as a percentage of the market value of the extracted minerals;

· Introduce payments for use of timber (forest), collection of wild fruit and berry plants, hunting of wild birds and animals, sport and commercial fishing; and

· Establish a State Environmental Fund that would receive ten percent of collected land tax; environmental fines and compensations; revenues from the sale of equipment confiscated from poachers and revenues from non-wood forest resources and fishing and hunting permits.

96.
Recognizing the current economic transition which Armenia is undergoing and the diverse demands on limited natural resources, it is understood that no major environmental investments or activities in Armenia can in the short or medium term be carried out without significant external partnerships. It is also recognized that a number of administrative reforms need to be undertaken together with institutional capacity building to improve the project management cycle before external funding can be received. Environment-specific sources of donor support should be given particular attention. The Global Environment Facility (GEF) is already active in Armenia but many bilateral donors also finance environment programs that might be applicable to Armenia. To date, few of the potential donors have been active in Armenia but they should be formally approached, by the Government through the Project Preparation Committee of the Environment for Europe Process or other established mechanisms as they represent potential sources of environmental financing. The TACIS program of the European Union; the United Nations Development Programme (UNDP); international financing institutions such as the World Bank Group and the European Bank for Reconstruction and Development (EBRD); and various multilateral and bilateral donors could also be approached for assistance.

Risks and Mitigating Measures

97.
The main risks related to the implementation of the Lake Sevan Action Plan concern the commitment of the National Government, Gegharkounik Administrative Province, local authorities and various stakeholder groups, and institutional limitations. Available financing for the various activities and limited human resources are also anticipated to be constraints. These risks should be mitigated through demonstration of Government commitment in initiating the legal, regulatory and institutional changes required for integrated management of the lake, and through development of “partnerships” with a variety of multilateral and bilateral parties for implementation of various activities. Potential internal financing mechanisms should be strengthened and external financing be sought. Capacity building and training are an integral part of each proposed activity. Nevertheless, to achieve truly sustainable environmental management in the Lake Sevan basin, it is critical that a general increase in income in the area is achieved over the coming years. Any income generating activities in the basin will indirectly support the environmental objectives of the Action Plan and should be viewed by the Government of Armenia and foreign parties as key interventions to support sustainable development of this critical resource.

Monitoring and Evaluation

98.
A number of physical indicators have been defined to measure implementation of the various activities under the Action Plan and to provide an indication of the overall positive impact that implementation of the various activities have on the original objectives. Progress indicators include stages of completion of the various activities themselves. Impact indicators to be monitored in the long run include increased tourism, increased water level, increased visibility of the lake, increased fish population, etc. Indicators to be utilized for the improvement of Lake Sevan and for the implementation of the Action Plan are summarized in Table 1 (on page 36) and Box 13. It should be noted however, that the exact formulation of each progress and impact indicator will be determined in the detailed design of each activity.
	Box 13. Problems and Impact Indicators

	Main Problem Groups:

· Depleted strategic water reserves;

· Lack of integrated watershed management;

· Inadequate legal and regulatory framework;

· Weak institutions;

· Destroyed fisheries; and

· Destroyed habitats
	Impact Indicators:

· Increased water level;

· Improved water quality of the Lake;

· Adoption and enforcement of the Lake Sevan Law;

· Increase in trout stock; and

· Increase in flora and fauna.


Supporting Activities

99.
Important supporting activities that will enable effective and sustainable implementation of proposed measures include: monitoring activities (data production), data collection and processing, and environmental awareness and public education (data dissemination). The Action Plan recommends significant focus on the above activities. Monitoring activities need to be resumed and modern monitoring and laboratory equipment needs to be provided for all sectors. Introduction of internationally recognized data collection, processing and analysis methods is needed to ensure availability of current, relevant and accurate data for informed decision making. Massive data dissemination and information activities are needed to ensure stakeholder commitment and assistance in improving the state of Lake Sevan. 













�	IBRD MAP 24558R. The boundaries, colors, denominations, and any other information shown on this map do not imply on the part of the World Bank Group any judgment on the legal status of any territory, or any endorsement or acceptance of such boundaries.


�	The total hydropower capacity in Armenia is 988 MW. Hydropower accounted for about 19 percent of the country’s total electricity production in 1995, 28 percent in 1996 and 23 percent in 1997.


�	This number has been determined based on the theoretical efficiency of the irrigation system of the Ararat Valley and the subsequent water needs of that area. It should be noted however, that while the irrigation systems are not rehabilitated/rebuilt, this release is not sufficient for irrigation.


�	Water quality problems related to algae, weeds, hypolimnetic anozia, fish kills, etc. are indicative of the condition that limnologists term eutrophy. Oligotrophic lakes are clear, with very little algae, and oxygen in the hypolimnion year-round. Eutrophic lakes are green-colored, with abundant blue-green algae, with little or no oxygen present in the hypolimnion during summer stratification. In between these two types is a transition type called mesotrophic.


�	These estimates are significantly lower than generally calculated for year 1991.


�	In Figures 3 and 4, domestic and industrial discharges are estimates based on size of urban and village population, and industry and tourist reports. Precipitation levels are assumed to be 20 percent of the 1990 level.


�	The ecological passport is a document which summarizes the users water consumption, pollution discharge and overall environmental responsibilities.


�	“Cost Benefit Analysis of Completing the Vorotan Tunnel,” May 1997 by IWACO B.V.


�	“Cost Benefit Analysis of Completing the Vorotan Tunnel,” May 1997 by IWACO B.V.


�	COWI Consult (Denmark), July, 1998.
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Table 1

		Year		Irrigation		Energy		Arpa-Sevan Tunel		Level				Natural Inflow				Natural Outflow

		1927				30				1915.8

		1928				37				1915.8

		1929				60				1915.8

		1930				52				1916

		1931				34				1915.8

		1932				42				1915.9

		1933				140				1916.1

		1934				150				1916.1

		1935				160				1915.5

		1936				154				1915.5

		1937				323				1915.7

		1938				302				1915.3

		1939				239				1915.2

		1940				376				1915.1

		1941				642				1915

		1942				502				1914

		1943				498				1913.6

		1944				487				1913.3

		1945				552				1913.1

		1946				600				1913

		1947				660				1913

		1948				582				1912.9

		1949				1150				1912.5

		1950				1280				1912

		1951				1440				1911

		1952		159.9		1474.2				1910.5

		1953		189.2		1565.8				1909.7

		1954		236		1044				1907.7

		1955		282		1138				1907

		1956		299.3		1116.7				1906.1

		1957		298		1019				1905.2

		1958		296.9		1103.1				1904.3

		1959		308.5		1071.5				1903.5

		1960		323.4		904.6				1902

		1961		453.5		981.5				1901

		1962		444.1		882.5				1900.1

		1963		342.8		629.2				1899.5

		1964		407		493				1899

		1965		343		323				1898.7

		1966		415		109				1898.5

		1967		347.2		107.8				1898.5

		1968		287.2		114.8				1898.5

		1969		218.8		194.2				1898.5

		1970		377.6		114.4				1898

		1971		332.2		120.8				1897.7

		1972		286		112				1897.7

		1973		353		90				1897.6

		1974		346.9		99.1				1897.6

		1975		408.6		93.4				1897.8

		1976		312		72				1897.8

		1977		374		50.2				1897.3

		1978		306.5		0				1897.2

		1979		434.1		0				1897

		1980		420.5		0				1896.9

		1981		415.7		0		142		1896.9

		1982		433.1		0		205		1897.1

		1983		451.2		0		212		1897.2

		1984		467.5		0		228		1897

		1985		561.9		0		203		1896.8

		1986		360		0		11		1896.7

		1987		243		0				1897

		1988		117.13		0		262		1897.4

		1989		319.4		0		187		1897.4

		1990		203.6		0		172		1898

		1991		234.4		170		252		1898

		1992		240		716		306		1897.6

		1993		346.7		1249		265		1897.2

		1994		460.54		820		260		1896.8

		1995		270		245		303		1896.8

		1996		267		81		300		1896.75

		1997		217		29.4		270		1896.69

		1998								1896.74
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Table 2

		Year		Irrigation		Irrigation and Energy		Arpa-Sevan Tunel		Natural Inflow		Net Flow

		1927				-30				262		232

		1928				-37				262		225

		1929				-60				262		202

		1930				-52				262		210

		1931				-34				262		228

		1932				-42				262		220

		1933				-140				262		122

		1934				-150				262		112

		1935				-160				262		102

		1936				-154				262		108

		1937				-323				262		-61

		1938				-302				262		-40

		1939				-239				262		23

		1940				-376				262		-114

		1941				-642				262		-380

		1942				-502				262		-240

		1943				-498				262		-236

		1944				-487				262		-225

		1945				-552				262		-290

		1946				-600				262		-338

		1947				-660				262		-398

		1948				-582				262		-320

		1949				-1150				262		-888

		1950				-1280				262		-1018

		1951				-1440				262		-1178

		1952		-159.9		-1634.1				262		-1372.1

		1953		-189.2		-1755				262		-1493

		1954		-236		-1280				262		-1018

		1955		-282		-1420				262		-1158

		1956		-299.3		-1416				262		-1154

		1957		-298		-1317				262		-1055

		1958		-296.9		-1400				262		-1138

		1959		-308.5		-1380				262		-1118

		1960		-323.4		-1228				262		-966

		1961		-453.5		-1435				262		-1173

		1962		-444.1		-1326.6				262		-1064.6

		1963		-342.8		-972				262		-710

		1964		-407		-900				262		-638

		1965		-343		-666				262		-404

		1966		-415		-524				262		-262

		1967		-347.2		-455				262		-193

		1968		-287.2		-402				262		-140

		1969		-218.8		-413				262		-151

		1970		-377.6		-492				262		-230

		1971		-332.2		-453				262		-191

		1972		-286		-398				262		-136

		1973		-353		-443				262		-181

		1974		-346.9		-446				262		-184

		1975		-408.6		-502				262		-240

		1976		-312		-384				262		-122

		1977		-374		-424.2				262		-162.2

		1978		-306.5		-306.5				262		-44.5

		1979		-434.1		-434.1				262		-172.1

		1980		-420.5		-420.5				262		-158.5

		1981		-415.7		-415.7		142		262		-11.7

		1982		-433.1		-433.1		205		262		33.9

		1983		-451.2		-451.2		212		262		22.8

		1984		-467.5		-467.5		228		262		22.5

		1985		-561.9		-561.9		203		262		-96.9

		1986		-360		-360		11		262		-87

		1987		-243		-243		0		262		19

		1988		-117.13		-117.13		262		262		406.87

		1989		-319.4		-319.4		187		262		129.6

		1990		-203.6		-203.6		172		262		230.4

		1991		-234.4		-404.4		252		262		109.6

		1992		-240		-956		306		262		-388

		1993		-346.7		-1595.7		265		262		-1068.7

		1994		-460.54		-1280.54		260		262		-758.54

		1995		-270		-515		303		262		50

		1996		-267		-348		300		262		214

		1997		-217		-246.4		270		262		285.6

		1998		0		0		0		262		262
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Table 3

		Year		Irrigation		Irrigation and Energy		Arpa-Sevan Tunel		Natural Inflow		Net Flow

		1981		-415.7		-415.7		142		262		-11.7

		1982		-433.1		-433.1		205		262		33.9

		1983		-451.2		-451.2		212		262		22.8

		1984		-467.5		-467.5		228		262		22.5

		1985		-561.9		-561.9		203		262		-96.9

		1986		-360		-360		11		262		-87

		1987		-243		-243		0		262		19

		1988		-117.13		-117.13		262		262		406.87

		1989		-319.4		-319.4		187		262		129.6

		1990		-203.6		-203.6		172		262		230.4

		1991		-234.4		-404.4		252		262		109.6

		1992		-240		-956		306		262		-388

		1993		-346.7		-1595.7		265		262		-1068.7

		1994		-460.54		-1280.54		260		262		-758.54

		1995		-270		-515		303		262		50

		1996		-267		-348		300		262		214

		1997		-217		-246.4		270		262		285.6

		1998		0		0		0		262		262
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		Year				N				P

				Mineral		Total		Mineral		Total

				Tonnes/year		Tonnes/year		Tonnes/year		Tonnes/year

		1929		229		2106		74		133

		Average 1979-80		660		2950		100		145

		Average 1982-84		2290		4017		100		184

		Average 1990-95		1832		3376		142		238

				N		P

		Average 1982-1985		6980		395

		Average 1991		5740		333

				1982 - 1985				1991

		Pollution sourcesof N and P		N tottonnes/year		P tottonnes/year		Ntottonnes/year		Ptottonnes/year

		River streams		4000		180		4500		210

		Diffuse surface Run-off		1100		105		1240		123

		Underground streams		480		45		-		-

		Deposition		1400		65		-		-

		Total		6980		395		-		-

		Type of source

				1982-1985		1991		1982-1985		1991

				N tonnes/year - 1982-1985		N tonnes/year 1996		P tonnes/year - 1982-1985		P tonnes/year 1996

		Population and Industry		1200		267		150		40

		Animal Production		1680		1160		20		15

		Crop Production		2700		645		160		21

		Precipitation		1400		280		65		13

		Arpa Tunel				24				20

		Total:		6980		2352		395		89
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		Source		P		N

		River Inflow		180		4000

		Dispersed (diffuse) inflow		105		1100

		Underground inflow		45		480

		Precipitation (atmospheric)		65		1400

		Dissolved from bottom sediments		960		9700

		N-fixing from the air (algae)				400

		Runoff via river Razdan		-20		-440

		Outflow through fish catch		-10		-60

		Sedimentation		-2690		-7000

		Biological de-nitrification				-126
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		Source		N (Tonnes/Year)		P (Kg/year)

		Population and Industry		1200		150

		Animal Husbandry		1680		20

		Fertilizer Use		2700		160

		Precipitation		1400		65
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Table 1

		Year		Irrigation		Energy		Arpa-Sevan Tunel		Level				Natural Inflow				Natural Outflow

		1927				30				1915.8

		1928				37				1915.8

		1929				60				1915.8

		1930				52				1916

		1931				34				1915.8

		1932				42				1915.9

		1933				140				1916.1

		1934				150				1916.1

		1935				160				1915.5

		1936				154				1915.5

		1937				323				1915.7

		1938				302				1915.3

		1939				239				1915.2

		1940				376				1915.1

		1941				642				1915

		1942				502				1914

		1943				498				1913.6

		1944				487				1913.3

		1945				552				1913.1

		1946				600				1913

		1947				660				1913

		1948				582				1912.9

		1949				1150				1912.5

		1950				1280				1912

		1951				1440				1911

		1952		159.9		1474.2				1910.5

		1953		189.2		1565.8				1909.7

		1954		236		1044				1907.7

		1955		282		1138				1907

		1956		299.3		1116.7				1906.1

		1957		298		1019				1905.2

		1958		296.9		1103.1				1904.3

		1959		308.5		1071.5				1903.5

		1960		323.4		904.6				1902

		1961		453.5		981.5				1901

		1962		444.1		882.5				1900.1

		1963		342.8		629.2				1899.5

		1964		407		493				1899

		1965		343		323				1898.7

		1966		415		109				1898.5

		1967		347.2		107.8				1898.5

		1968		287.2		114.8				1898.5

		1969		218.8		194.2				1898.5

		1970		377.6		114.4				1898

		1971		332.2		120.8				1897.7

		1972		286		112				1897.7

		1973		353		90				1897.6

		1974		346.9		99.1				1897.6

		1975		408.6		93.4				1897.8

		1976		312		72				1897.8

		1977		374		50.2				1897.3

		1978		306.5		0				1897.2

		1979		434.1		0				1897

		1980		420.5		0				1896.9

		1981		415.7		0		142		1896.9

		1982		433.1		0		205		1897.1

		1983		451.2		0		212		1897.2

		1984		467.5		0		228		1897

		1985		561.9		0		203		1896.8

		1986		360		0		11		1896.7

		1987		243		0				1897

		1988		117.13		0		262		1897.4

		1989		319.4		0		187		1897.4

		1990		203.6		0		172		1898

		1991		234.4		170		252		1898

		1992		240		716		306		1897.6

		1993		346.7		1249		265		1897.2

		1994		460.54		820		260		1896.8

		1995		270		245		303		1896.8

		1996		267		81		300		1896.75

		1997		217		29.4		270		1896.69

		1998								1896.74
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Table 2

		Year		Irrigation		Irrigation and Energy		Arpa-Sevan Tunel		Natural Inflow		Net Flow

		1927				-30				262		232

		1928				-37				262		225

		1929				-60				262		202

		1930				-52				262		210

		1931				-34				262		228

		1932				-42				262		220

		1933				-140				262		122

		1934				-150				262		112

		1935				-160				262		102

		1936				-154				262		108

		1937				-323				262		-61

		1938				-302				262		-40

		1939				-239				262		23

		1940				-376				262		-114

		1941				-642				262		-380

		1942				-502				262		-240

		1943				-498				262		-236

		1944				-487				262		-225

		1945				-552				262		-290

		1946				-600				262		-338

		1947				-660				262		-398

		1948				-582				262		-320

		1949				-1150				262		-888

		1950				-1280				262		-1018

		1951				-1440				262		-1178

		1952		-159.9		-1634.1				262		-1372.1

		1953		-189.2		-1755				262		-1493

		1954		-236		-1280				262		-1018

		1955		-282		-1420				262		-1158

		1956		-299.3		-1416				262		-1154

		1957		-298		-1317				262		-1055

		1958		-296.9		-1400				262		-1138

		1959		-308.5		-1380				262		-1118

		1960		-323.4		-1228				262		-966

		1961		-453.5		-1435				262		-1173

		1962		-444.1		-1326.6				262		-1064.6

		1963		-342.8		-972				262		-710

		1964		-407		-900				262		-638

		1965		-343		-666				262		-404

		1966		-415		-524				262		-262

		1967		-347.2		-455				262		-193

		1968		-287.2		-402				262		-140

		1969		-218.8		-413				262		-151

		1970		-377.6		-492				262		-230

		1971		-332.2		-453				262		-191

		1972		-286		-398				262		-136

		1973		-353		-443				262		-181

		1974		-346.9		-446				262		-184

		1975		-408.6		-502				262		-240

		1976		-312		-384				262		-122

		1977		-374		-424.2				262		-162.2

		1978		-306.5		-306.5				262		-44.5

		1979		-434.1		-434.1				262		-172.1

		1980		-420.5		-420.5				262		-158.5

		1981		-415.7		-415.7		142		262		-11.7

		1982		-433.1		-433.1		205		262		33.9

		1983		-451.2		-451.2		212		262		22.8

		1984		-467.5		-467.5		228		262		22.5

		1985		-561.9		-561.9		203		262		-96.9

		1986		-360		-360		11		262		-87

		1987		-243		-243		0		262		19

		1988		-117.13		-117.13		262		262		406.87

		1989		-319.4		-319.4		187		262		129.6

		1990		-203.6		-203.6		172		262		230.4

		1991		-234.4		-404.4		252		262		109.6

		1992		-240		-956		306		262		-388

		1993		-346.7		-1595.7		265		262		-1068.7

		1994		-460.54		-1280.54		260		262		-758.54

		1995		-270		-515		303		262		50

		1996		-267		-348		300		262		214

		1997		-217		-246.4		270		262		285.6

		1998		0		0		0		262		262
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Table 3

		Year		Irrigation		Irrigation and Energy		Arpa-Sevan Tunel		Natural Inflow		Net Flow

		1981		-415.7		-415.7		142		262		-11.7

		1982		-433.1		-433.1		205		262		33.9

		1983		-451.2		-451.2		212		262		22.8

		1984		-467.5		-467.5		228		262		22.5

		1985		-561.9		-561.9		203		262		-96.9

		1986		-360		-360		11		262		-87

		1987		-243		-243		0		262		19

		1988		-117.13		-117.13		262		262		406.87

		1989		-319.4		-319.4		187		262		129.6

		1990		-203.6		-203.6		172		262		230.4

		1991		-234.4		-404.4		252		262		109.6

		1992		-240		-956		306		262		-388

		1993		-346.7		-1595.7		265		262		-1068.7

		1994		-460.54		-1280.54		260		262		-758.54

		1995		-270		-515		303		262		50

		1996		-267		-348		300		262		214

		1997		-217		-246.4		270		262		285.6

		1998		0		0		0		262		262
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		Year				N				P

				Mineral		Total		Mineral		Total

				Tonnes/year		Tonnes/year		Tonnes/year		Tonnes/year

		1929		229		2106		74		133

		Average 1979-80		660		2950		100		145

		Average 1982-84		2290		4017		100		184

		Average 1990-95		1832		3376		142		238

				N		P

		Average 1982-1985		6980		395

		Average 1991		5740		333

				1982 - 1985				1991

		Pollution sourcesof N and P		N tottonnes/year		P tottonnes/year		Ntottonnes/year		Ptottonnes/year

		River streams		4000		180		4500		210

		Diffuse surface Run-off		1100		105		1240		123

		Underground streams		480		45		-		-

		Deposition		1400		65		-		-

		Total		6980		395		-		-

		Type of source

				1982-1985		1991		1982-1985		1991

				N tonnes/year - 1982-1985		N tonnes/year 1996		P tonnes/year - 1982-1985		P tonnes/year 1996

		Population and Industry		1200		267		150		40

		Animal Production		1680		1160		20		15

		Crop Production		2700		645		160		21

		Precipitation		1400		280		65		13

		Arpa Tunel				24				20

		Total:		6980		2352		395		89
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		Source		P		N

		River Inflow		180		4000

		Dispersed (diffuse) inflow		105		1100

		Underground inflow		45		480

		Precipitation (atmospheric)		65		1400

		Dissolved from bottom sediments		960		9700

		N-fixing from the air (algae)				400

		Runoff via river Razdan		-20		-440

		Outflow through fish catch		-10		-60

		Sedimentation		-2690		-7000

		Biological de-nitrification				-126
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		Source		N (Tonnes/Year)		P (Kg/year)

		Population and Industry		1200		150

		Animal Husbandry		1680		20

		Fertilizer Use		2700		160

		Precipitation		1400		65
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