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1. Geography of the Region

General

The Caspian Sea is the largest inland water body (with no connection to world oceans) in the World, occupying a deep depression on the boundary of Europe and Asia with a water level at present of 27 m below the level of world oceans. The Caspian contains over 78 thousand cubic kilometres of brackish water. Having been isolated from the world oceans at the end of the Pliocene era, its ecosystem incorporates remnants of the fauna of the tertiary seas of the Sarmaian and Pontian eras.

A major difference between the Caspian and other large inland water bodies is its Meridian orientation and great length (1 200 km), resulting in large differences in climate over the sea and especially over the catchment area; the northern shores are subject to extreme continental climate, and the southern and south western coast is in the sub-tropics.

Inflows from the south are constrained by the mountains close to the coast. Inflows from the east are virtually nil because of the dry climate. Moderate inflows from the west come from the Caucasian mountain rivers. The main inflows by far are from the very large catchments of the Volga and (to a lesser extent) the Ural. The Volga River drains half of European Russia, and its catchment reaches to the northern latitudes of 62 degrees. There is some groundwater inflow, but of minor significance. Outflow is purely to the atmosphere through evaporation from the sea's surface, although the eastern depression of Kara Bogaz Gol is often considered to be a separate water body, so that flows to Kara Bogaz Gol are also sometimes considered to be outflows from the Caspian.

The Caspian has three distinct sub-basins:

1. a shallow northern shelf with a fairly regular sea bottom, comprising 27% of the sea area and 0.6% of the sea volume;

2. a central basin, bounded to the south at a line from the Absheron Peninsula to the Cheleken Peninsular by the underwater extension of the Caucasian mountains. The central basin is deep, comprising 38% of the sea area and 36% of the sea volume; and

3. a very deep southern basin (maximum 1,025 m) with an irregular bottom typified by mud volcanoes and earthquakes. The southern basin comprises 39% of the sea's area and 63% of its volume.

Organic Productivity

The shallow waters and large inflows with high levels of organic matter make the northern shelf by far the most productive, with the greatest diversity of plankton fauna. On the contrary, the mineral rich deep southern basin has the greatest diversity of bottom fauna. There are also important shallows and wetlands around the Caspian's coast, including wetlands on the southern and south-western coasts, and the extensive channels of the Volga delta in the north.

The Caspian is productive and contains a large number of endemic species, although it is less diverse than other similar seas. The most valuable fish species are the migratory fluvial species, especially sturgeon, salmon and shad, of which sturgeon is the most valuable. 

Water Balance

Inflows to the sea are determined by the atmospheric circulation over the Volga basin whilst outflows are determined by the circulation over the sea. The two are usually quite different. Atmospheric circulation is itself dependent on major features of the atmosphere and which span the Northern Hemisphere and are global in character. Rodionov (1994) has isolated 15 such features that can influence precipitation over Volga basin.

The best known synoptic classification of the circulation over Russia is that known as the Vangengeim – Girs; the most frequent types can be briefly described as follows:

· circulation type W is zonal and is associated with increased precipitation, warm winters, and moderately hot summers;

· circulation type E is meridional and is characterised by a stable high pressure over European Russia, resulting in cold winters and hot cloudless summers; and

· circulation type C is also meridional and is characterised by a trough over European Russia, resulting in cyclonic fields over the Volga basin, high precipitation and low temperatures.

Type E is most common, and has been even more dominant in recent years. 

Relationships between the occurrence of Caspian circulation patterns, precipitation over the Caspian basin and World climate indicators such as the circulation patterns over the Azores, the North Atlantic Oscillation, and world ocean temperatures, have been investigated by individual researchers and brought together by Rodionov. Further work needs to be done to relate outputs from GCM’s to the known global features which influence precipitation over the Caspian Sea basin and thus improve predictions of the ecological conditions of the Caspian Sea.

Evaporation from the sea's surface is affected mainly by air and sea temperature, wind speeds, air humidity and solar radiation. A major problem in modelling the physical processes is the shortage of information from the sea zone itself, so that analyses must rely mainly on extension of information obtained from coastal stations. Furthermore, sea surface temperatures are affected by deep circulation patterns and the vast heat storage within the sea. Attempts to understand the mechanisms with available ship-based data are hampered by the paucity of data. Nonetheless, the annual and long-term trends derived by researchers, especially those researches based on energy budgets, are proving to correlate reasonably well with the sea's water balance calculations.

A further complication in quantifying the combined effects of precipitation and evaporation is the fact that reliable measurements of actual inflow to the Caspian cannot be obtained because the main flow measurement station on the Volga is at Volgograd, over 400km from the sea. Agricultural abstractions, flood and evaporation losses and temporary flood storages in the vast delta region of the Volga are inevitably poorly understood. In addition, there is potential for systematic errors in flow measurement at Volgograd to arise during the winter, when ice may disturb measurement methods.

2. Geo-political Situation and Recent History

2.1 Historically

The Caspian region has always been a politically important region for 4 main reasons:

· Lying on the historical "Silk Route" between the western and eastern worlds, the region was so important that it was fought over regularly by the major world powers. The old city of Baku, with its castle walls, fine old buildings, and caravanserai, demonstrates the importance of the route and the wealth it brought to the region.

· Before the Soviet Union, the region lay on the interface between the influences of 3 of the great world political blocks: the Russian empire, the Turkish empire, and the western European and American influences felt through Iran.

· During the period of the Soviet Union, the region lay on the divide between the Soviet block and the western block, although, in the latter part of the Soviet period, the I R Iran was independent and outside western European and American influence.

· Since the beginning of the last century, the region has proved to be rich in one of the most strategic of products: hydrocarbons, resulting in considerable political manoeuvrings between the various influences that might benefit from the production, transport and sale of hydrocarbons from the region. 

2.2 Recent Events

Recent political changes in Iran have probably resulted in positive influences on the management of the Caspian environment locally, and relationships with the Soviet Union and its successors were not detrimentally affected. 

The break-up of the Soviet Union and independence of some of the ex-Soviet republics that border the Caspian resulted in massive changes to the political systems and wealth of a large part of the region. War broke out between the Azerbaijan Republic and Armenia, creating political alliances within the region that are not yet fully dissolved.

Current problems in the southern republics of the Russian Federation may well have effects on the Caspian environment, as the area is oil-rich, and spillage cannot be ruled out during a period of civil dispute. Furthermore, the conflict is affecting international relationships between many of the countries that have influence in the region.

The major driving force in regional political relationships over the past 10 years has undoubtedly been the exploration, production, and transport of hydrocarbons. Although the Soviet oil industry in the Absheron is one of the oldest in the world, the break-up of the Soviet Union has led to much greater involvement of international (western) oil companies. New techniques have been imported, new areas within and near the sea are being prospected, and there is great interest in the transport of oil and gas from the Caspian to the world and across the region from hydrocarbon deposits to the east, in Turkmenistan and Kazakhstan. Even I R Iran, which has previously concentrated efforts on extremely rich deposits in other parts of the country, has recently turned its attention to the possibility of prospecting in the Caspian Sea.

These political changes and interests undoubtedly will affect the extent to which there can be common environmental management agreements between the Caspian countries. Issues that are of political importance include:

· rights to exploration and exploitation of the bed of the Caspian Sea;

· responsibilities of individual countries to ensure that exploration and production is subject to environmental protection;

· rights to sea travel and transport, including transport of hydrocarbons;

· rights to under-sea transport through pipelines;

· responsibilities to third-party countries for damages caused by accidents;

· rights for fishing and extracting other bioresources from the sea;

· responsibilities for re-stocking bio-resources to the sea, which then become available to all littoral countries; 

· responsibilities for avoiding the flow of noxious substances to the sea; and

· responsibilities for providing warnings of changes in sea level, and for avoiding actions that will result in increased flooding of neighbouring states.

Although not all the above issues will be directly tacked by the CEP and subsequent Framework Agreement for the Marine Environment, they will certainly impinge on the decision-making. Even now, environmental considerations are being quoted when discussing hydrocarbon transport, and the fact that rights to the use of the sea are as yet not agreed is affecting attitudes to the preparation of the Framework Agreement.

2.3 Political Agreements between Caspian Countries

Immediately following the dissolution of the Soviet Union, on 21st December 1991 in Almaty, the heads of state of the Republic of Azerbaijan, Republic of Kazakhstan, Russian Federation and Turkmenistan signed a joint Declaration guaranteeing that the new states would continue to fulfil the international obligations of the previous Soviet regime. By this Declaration, the CIS countries confirmed that they would continue to uphold previous agreements between the USSR and the Islamic Republic of Iran, and that future agreements on the Caspian and use of its resources would be made between the 5 littoral states.

2.4 Environmental Management Agreements between Countries

As successors to the Soviet Union, the NIS Caspian countries inherit the environmental agreements between the Soviet Union and I R Iran.

Beginning with a Joint Communiqué signed by the representatives of all 5 states in Tehran in October 1992, the states have committed themselves to cooperation in environmental management of the Caspian. The Communiqué states that the countries agree to establish as quickly as possible the necessary organs to ensure proper environmental management and use of resources. These organs might include technical committees to study and propose management of such things as water level fluctuations, environmental protection, preservation and use of biological resources, and the use of the Caspian for navigation, access to ports and scientific research.

Twice, in the Communique of the participants at the Conference of Caspian Sea Problems (Astrakhan, 1993) and in the Declaration on Cooperation in the Field of Environmental Protection (Almaty, 1994: all countries except Turkmenistan), the Caspian countries declared the urgency to determine the Caspian’s legal status and to agree on the joint use of its bioresources. In Almaty (1994) the countries:

· agreed on the need to jointly implement the Convention on Biodiversity;

· expressed a common interest in implementing a project for protecting the biodiversity of the Caspian and its coastal zone in relation to mineral resource exploitation; 

· expressed a willingness to cooperate in environmental protection of the sea and sustainable management of its resources; and

· called on the international community to support the countries in implementation of an environmental programme.

In 1991, the Russian Federation proposed a plan to preserve the Caspian bioresources, giving priority to all sturgeon species and for the conclusion of the necessary international agreements. The proposal included the freedom to fish in Caspian open waters within the limitations of a management agreement that included national quotas and fisheries rules, including the nationl management of coastal fisheries.

In addition to the agreements or statements of intent to cooperate in environmental management, there have been several bilateral agreements on exploitation of the Caspian’s natural resources, including: 

· between Kazakhstan and Russia on the use of the sea bed in the northern part of the sea;

· between Azerbaijan and Russia on oil transit;

· between Azerbaijan and Russian oil companies on prospecting activities; and

· between Turkmenistan and Azerbaijan on transit of gas by pipeline.

3. The Caspian Environment Programme

3.1 Background

The Caspian Environment Programme (CEP) was launched in April 1995 at the initiative of the Caspian littoral states
 with a Joint Mission by the World Bank, the United Nations Development Programme (UNDP), and the United Nations Environment Programme (UNEP) to the region. The European Commission also supports the CEP through its Tacis programme, with significant technical assistance support. The overall goal of the CEP is to promote the sustainable development and management of the Caspian environment, a major and unique ecosystem under threat from pollution and loss of biodiversity. The Caspian governments and international partners also identified the following subsidiary goals:

· Understanding and learning to live with the Caspian water level fluctuations;

· Abatement of existing and prevention of new types of pollution and deterioration of the Caspian environment and its resources;

· Recovery and rehabilitation of those elements of the Caspian environment (including biological diversity) that are degraded and that still have the potential for recovery;

· Long term sustainability of environmental quality and resources as assets for the present and future human populations of the region.

Work towards attaining these goals has been commenced with:

· First drafts of a Framework Convention for the Marine Environment of the Caspian Sea, supported by the Russian Federation and UNEP;

· Tacis and GEF projects to build the regional institutions of the CEP and assist in analysis and planning;

· Various individual projects supported by World Bank and other international agencies, aimed at improving the environment of the Caspian region. 

More detailed structures of the CEP were discussed and agreed at the first Steering Committee Meeting, held in Ramsar, Iran on 1-3 May 1999, including the establishment of the Programme Coordinating Unit (PCU) and 10 Caspian Regional Thematic Centres (CRTC).

3.2 Structure of the CEP

The CEP is conceived as a framework for coordinated actions by the Caspian governments and international partners to achieve the above goals. During the first 2-3 years of the CEP, steps will be taken to establish the necessary institutional arrangements and working relationships, develop a Strategic Action Plan (SAP) and National Action Plans (NAP), identify and prepare investment projects, and conduct a limited number of pilot or demonstration projects.  During this initial phase, there will be several coordinated activities towards the development of the institutional arrangements:

· development of the Framework Convention for the Marine Environment of the Caspian Sea;

· establishment of the Programme Coordination Unit (PCU), the Caspian Regional Thematic Centres (CRTC), and the Inter-sectoral Coordinating Committees (ISCC);

· actions to foster a collaborative spirit between the littoral countries, including common understandings of the responsibilities of the above institutions; and

· preparation of the Transboundary Diagnostic Analysis (TDA) and SAP.

The responsibilities of the CEP Institutions and relationships between them are described in “Draft CEP/PCU Management and Administrative Arrangements” and “Draft Institutional Arrangements for the Support of the CEP”

It is expected that these institutions will eventually be merged with the structures of the Framework Convention, as described in “The Need and Options for Comprehensive Institutional Arrangements for the Coordination of the Caspian Environment Programme, UNEP”, April 1999.

Two main sources of international support are being provided to assist the above activities:

· a Tacis project; and

· a GEF project, with components implemented by UNDP, World Bank, and UNEP.

These projects will work as an integrated support towards development and implementation of the Framework Convention and the SAP.

Other initiatives that should also be considered as falling within the CEP umbrella will be continued alongside the core activity of developing the regional institutional and legal framework. These activities will include:

· networking, such as the biodiversity network and NGO networking;

· investigations, such as the ecotoxicology study supported by Japanese funding and various nationally-based studies;

· investment projects, such as the construction of new sturgeon hatcheries in Azerbaijan;

· promotion of funding mechanisms, including a proposed Caspian Environmental Fund.

Although the PCU will not manage all these initiatives, it will be aware of and attempt to coordinate them, maintaining dialogues with the relevant governments, international agencies, NGO’s and private firms.

3.3 Status of International Support Programmes

Main Integrated Support

The 2 main projects supporting the development of CEP institutions, the TDA, SAP, and NAP are funded by Tacis and the Global Environment Facility (GEF). The responsibilities of these two projects as set out below provide for a complete integrated support to this phase of the CEP, with the exception of support for the CRTC for Sustainable Human Development and Health, for which no major funding has currently been pledged.

· the Tacis project

· a first phase which is has supported the following activities:

· establishment of the PCU;

· establishment of 4 CRTC;

· fostering regional collaboration; 

· preparation of inputs to the TDA;

· a second phase which will support the following activities:

· continued support to the institutions and regional collaboration;

· coordination of the preparation of the TDA;

· assistance with development of the SAP; 

· implementation of pilot projects

· the GEF project which will be implemented as three separate sub-projects

· the UNDP project which will:

· continue the management of the PCU;

· establishment of 5 CRTC; 

· also assist in the fostering of regional collaboration and preparation of the TDA and SAP.

· the World Bank project which will:

· provide capacity building in project preparation techniques;

· advise on prioritisation of projects;

· prepare pre-investment studies for some priority projects;

· support some pilot projects;

· the UNEP project which will support:

· establishment of 1 CRTC

· the further drafting of the Framework Convention;

· the integration of the SAP and NAP priorities within the framework Convention;

· investigation of the status of international conventions applicable to the region, national  legislation, and existing economic frameworks, and proposals for reform and harmonisation of legislation.

CEP-Related Initiatives

There has been activity on several initiatives that are designed to improve the Caspian environment, and are related to CEP aims:

Framework Convention for the Marine Environment

The Russian Federation and UNEP have been engaged in the development of a Framework Convention on the Protection of the Marine Environment of the Caspian Sea. Detailed achievements have been:

· the Fourth Meeting of  Experts of the Caspian Riparian States on Preparation of a Legal Instrument on the Protection of the Marine Environment of the Caspian Sea has been held;

· the Draft Framework Convention for the Protection of the Marine Environment of the Caspian Sea has been revised and circulated.

Regional Workshop on Off-shore Oil Spill Prevention and Response
At the request of the Minister of Ecology of Kazakhstan and as a follow-up to the conclusions of the May 1998 CEP Steering Committee meeting held in Ramsar, the World Bank and other international partners organised a Caspian Regional Oil Spills Prevention, Preparedness, and Response Workshop, held December 10-12, 1998 in Almaty. The objective of the workshop was to strengthen cooperation between the Caspian governments and oil companies, and to help identify useful future activities for improved environmental management in this sector.  Proceedings of the workshop are being published and will be disseminated in mid-1999.

Ecotoxicity Study.  
As an outcome of the Bio-Resources Network Workshop held in November 1997, a grant in the amount of $994 thousand has been obtained from the Japanese government through a World Bank trust fund to support a regional study to examine concentrations of contaminants in the top predator species (sturgeon, seals, bony fish) in the Caspian. 

Azerbaijan Urgent Environmental Investment Projects 
The World Bank and Azerbaijan negotiated and approved a five-year $24.5 million ($20 million IDA credit) project. Project start-up began in November 1998. Projects are:

· Construct a Sturgeon Hatchery on the Kura River, 

· Clean up Mercury Contamination in Sumgait, 

· Address Onshore Oilfield Contamination of Soils and Surface and Groundwater on the Apsheron Peninsula, and 

· Strengthen Environmental Management Capacity..

Risk Assessment Study

USAID has initiated a study to assess the risk to the Caspian environment from hydrocarbon production and transport activities. The project consultants have submitted a preliminary analysis and description of risk assessment techniques to the region.

Review of Sturgeon Management Measures

In addition to the fisheries management review undertaken by the Caspian Centre for Bioresources Management, the international organisation TRAFFIC is carrying out a review of existing sturgeon fisheries management measures in the Caspian Sea, Danube and Amur River basins in the context of the preparation of COP 11 of CITES (April 2000). 

NGO Network in the Caspian Region

USAID is supporting, through ISAR, the development of a network of non-governmental organisations in the Caspian region.

The Caspian Sea Observation and Forecasting System

NATO CCMS are supporting a programme of investigations related to filling gaps in the knowledge base related to monitoring and pollution reduction. 3 meetings have been held and the final report is under preparation.

European Union for Coastal Conservation

The EUCC, in cooperation with UNEP and the Dutch government are instigating a series of demonstration coastal conservation projects (mainly wetlands), including in the Caspian region. Caspian projects are being coordinated by the CEP PCU.

CASPAS

Under the coordination of WMO, the Caspian countries have designed a programme of strengthening the hydrometric monitoring in the region. The project as yet has no funding, although the littoral countries strongly support the project


Emergency Response in Turkmenistan

The EBRD are supporting activities in Turkmenistan to improve coordination of preparations for oil-related accidents. A first workshop was held in November 1999.


EU-supported Research Projects

Under the EU’s INCO and INTAS schemes, there have been several research projects including:

· Ecosystems of the Volga Basin and Effects on the Caspian Sea

· Hydrological and Hydrodynamic Studies and Predictions of the Caspian Sea Water Level Rise

· Understanding the Caspian Sea Erratic Fluctuations

· Geochemical Changes in Soils and Sediments upon Rapid Rise of the Caspian Sea

· Research Network in the NIS to Support Diatom Research

4. Summary of Environmental Issues

4.1 Bioresources Productivity

As an interim arrangement, the TDA and other CEP activities are limited to issues affecting the sea itself and its coastal zone. The Caspian's bioresources include migratory and semi-migratory fish. Issues relating to those species thus inevitably relate to the whole life-cycle, including their migrations up the Caspian tributaries as well as around the Caspian Sea. This analysis recognises the effects of tributaries, their natural flows, management, and carriage of effluent, but attempts to deal mainly with the issues related to the sea itself and river estuaries.

Over the past few decades, fish catches have changed considerably in total size and composition. Although migratory species can be monitored during their spawning runs, total fish populations in the sea are not so easy to assess.  Changes in fish catches generally reflect changes in fish population although in some cases the catches are more a function of fishing activities than total fish population. 

Fish resources in the Caspian Sea are categorized for research and management purposes as follows (typical examples in italics):

· Sturgeons (6 species: beluga, Russian, Persian, stellate, ship, sterlet)
· Marine fishes: sprat (kilka), herring, mullet
· Semi-migratory and fluvial fish: salmon, black spine shad , perch, pike-perch, cyprinidae - several species.
The other major bio-resource of the Caspian is the seal.

Changes in Fish Catches

The most obviously important bioresources are the high value fish, especially sturgeon and salmon. However, evaluation of the resources should be based on evaluation of the whole eco-system. 

Table 4.1 shows the total official fish catch (in NIS countries and Iran) over three-quarters of the 20th century. Data for Iran are given for selected periods only, however, they are fully representative of the trends. The selection of time interval follows the critical changes in water level of the Caspian, and specifically:

· 1910 - 1930: period of stability of the sea level (at -25 to - 26 abs.) and its bio-hydrological regime;

· 1932 -1959: period of rapid decline of the level (by 2 m), its subsequent stabilisation (minus 28 to -28.5 abs.) and natural flow of the Volga river;

· 1960-1970: stabilisation of sea level after the construction of Volgograd dam;

· 1971-1978: period of drastic sea level decline to values critical for fisheries (minus 28.6 to - 29 abs.)

· 1979-1990: period of sea level rise;

· 1991-1995: further rise in sea level and beginning of poaching;

· 1996-1998: stabilisation of sea level and heavy poaching. 

The official landings of the major groups of fishery resources were affected by the following factors: 

· Sturgeon catches in NIS were stable, by commercial standards, until the late 1950's and reached their highest levels over the period until 1990, after which catches have declined dramatically. The construction of the Volgograd hydroelectric power station closed access to natural sturgeon spawning grounds in the upper reaches of the Volga. High catches during the period immediately following the construction of the dam were largely based on year-classes from before the damming of the Volga, as sturgeons mature very late. Female sturgeons reach spawning maturity between the age of 7 to 16 years, depending on species. Poaching developed rapidly after the collapse of the Soviet Union. It is estimated that poachers take about 12 times the volume of officially recorded catch of sturgeons. Poaching has also adverse impact on the sex structure of the spawning stocks. Recent (1998-1999) studies show that among sturgeons entering the Volga on spawning runs, there were only about 22-30% of females and 70-78% males, while the historical ratio was 45:55. In Iran the situation is different, as fishing is done by state owned entities and law enforcement is very strong. The declining trend in sturgeon catches observed in Iran over the last 15 or so years, is attributable to changes in the environment.

· Catches of salmon increased during the 1930s, but since then have fallen to very low levels. This specie is at the verge of extinction and efforts are being made to save it. Catches of large and small ordinary fishes, the backbone of the fishery for local consumption, have declined significantly for reasons not yet fully understood. The reported decline may be due to unrecorded catch and large subsistence fishing by the local population, but there are environmental factors affecting the state of these stocks. It is estimated that between 30% and 45% of juveniles hatched in the Volga does not reach commercial size due to pollution alone. Natural mortality, illegal fishing, etc. also have their adverse impact on the stocks. 

· Catches of herring and mullet also increased during the early period, peaking in the late-50's and declining to a fraction of the potential. There is a large unexploited stock of herrings and mullet (actually only Iran has a reasonable mullet catch in the Caspian), since the introduction of ban on fishing with nets in the Caspian. The ban was meant to protect immature sturgeons, however, there is no fishing technique available that would allow to fish for herring and mullet, other than nets. 

· Sprat (kilka) catches increased rapidly after 1960 due to the introduction of large vessels equipped to fish with light attraction and fish pumps, without nets. The rapid decline of sprat catches in the  '90s is due to lack of seaworthy vessels, as the old fleet is no longer in a sufficiently good shape to continue operations. Noteworthy is the high level of sprat catch in Iran, new to the country, a result of government policy and introduction of modern fishing techniques and vessels. 

The most recently recorded official fish catches (whole Caspian, including Iran) are:

· Sturgeon: 2,830 tons 

· Marine fishes: 182,300 tons 

· semi-migratory and fluvial fish: 81,200 tons 

Official catch records do not always reflect the full catch or full population of fish species, as unofficial catches of valuable fish such as sturgeon and salmon as well as fluvial fishes are probably high in the NIS countries. As an example, the official catch of sturgeon in Azerbaijan in 1998 was 28 tons. Assuming a 50% female catch and caviar at 10% of body weight, the total official catch should have produced 1,400 kg of caviar. In the same year, Azerbaijan border police seized a single load of over 900 kg of illegal caviar. Thus, the total sturgeon catch could be several times the official catch. Nonetheless, it is clear that the sturgeon catch is still by far the most economically important for the Caspian region. The extent of the lost resource can be envisioned by comparing current official catches with previous periods when catches averaged about 25,000 tons per year, amounting to approximately USD 2,500 million. The sturgeon resources constituted 90% of the estimated value of total allowable catch in 1999, while in terms of tonnage they constituted only 3 %.  This value could be increased dramatically if proper management of the resources was introduced, including control of illegal fishing and the catch returned to previous levels. 

Influences on Fish Populations

Fish populations and fish catches are affected by a wide range of influences, including:

· spawning conditions, including water depth and salinity, and access to all parts of the river systems;

· weather conditions during early growth stages;

· legal and illegal fishing;

· artificial stocking;

· food availability and other conditions needed for proper growth; and

· pollutants in the water, bottom sediments and lower parts of the food chain.

Natural environmental conditions and human impact on the environment affect fish reproduction and health in a complex way, such that it is difficult to accurately pinpoint the exact causes of changes in fish population or health.

River flows have changed as a result of climate change, dams constructed on the Caspian tributaries; irrigation and industrial water off-takes and return flows have also affected the conditions in the rivers and certain parts of the sea. These changes in river flow affect the salinity of key areas of the sea, depths of water in channels used by spawning fish, extent of spawning areas, and the level of the sea itself. Sea level affects the sea's productivity as a result of changes in the areas of shallow warm relatively fresh water. Nutrients carried by the rivers into the sea also affect productivity.

Pollutants fall into 4 main categories; organic, oil, metallic, and chloroganic (pesticides). Each of these pollutants has a different effect on each part of the food chain.

Sea pollution is described in section 5.2. In general, pollution is localised, close to pollutant sources (oil close to production and transport facilities, and other pollutants mainly close to the mouths of Caspian tributaries and some large industrial centres). Even though the average pollution levels in the Caspian are relatively low, some of the pollution sites are on migratory fish paths.

Competition between different fish species and between fish and seals for common food, and the effects of pollutants on the food chain, fish and seals are to be studied in greater detail over the next few years.

4.2 Flood Damage

In common with all inland waters, the Caspian Sea rises and falls over short and long period cycles. Such changes in level have confronted mankind since the beginning of civilisation and protection from their extremes is mostly unavoidable. The situation today is very different. Anthropogenic activities resulting in global warming have in recent years resulted in a rise in air and sea temperatures followed by a rise in level in all oceans; caused primarily by thermal expansion and the melting of mid-latitude glaciers. The Caspian Sea is different. Geographically it is a lake. What has caused the Caspian Sea to rise is a change in the hydrology of the Volga catchment with an increase in runoff and a decrease in evaporation from the Sea. There is substantial evidence that the rise in levels in the Caspian sea is also associated with global warming.  

Aspects of the sea level change that are significantly affecting the Caspian Sea’s environment are:

· Flooding of coastal agriculture and infrastructure that was planned without consideration of sea level change, sometimes resulting in sea pollution.

· Transient flooding of coastal lands as a result of storm surges.

· Changes to water depths that are affecting important habitats such as spawning grounds and nesting sites.

· Increased groundwater levels in coastal zones, with attendant damage to infrastructure and natural environment. 

Falling sea levels over the century have increased expenditure on new port infrastructure, the cost of which has not been recorded. The economic effects of the recent rise are better documented, and it has been estimated that the potential total damage of Euro 10 billion will arise if the level continues to rise to levels last seen earlier in the 1900s. These costs will mainly arise from flooded infrastructure and housing. In addition, 7 million ha of agricultural land is in danger, not only from direct flooding but also from rising groundwater levels in coastal areas
.

Environmental damage resulting from the sea level rise can be classified as: pollution due to damage to the industrial infrastructure; loss of habitats such as spawning grounds and nesting sites caused by the change in water depth.

4.3 Coastal Land Condition

 The coastal zones of the Caspian are mostly arid or semi-arid, except for areas in the south and south-west. Although not intensively productive, being mostly exploited for grazing, fragile ecosystems in these regions are subject to:

· Salinisation caused by high groundwater levels and high rates of evaporation;

· Salinisation caused by transient flooding by seawater, resulting from storm surges;

· In some places, salinisation resulting from poor irrigation practises;

· Direct damage to vegetation, caused by over-grazing and further extended by water erosion;

· Damage to vegetation caused by poorly designed transport corridors, which initiate progressive erosion;

· Damage to vegetation caused by informal traffic associated with minor habitation sites, mineral and oil exploration, and industrial installations, which also initiates progressive erosion; and

· Direct land degradation caused by industrial enterprises, oil production installations, and oil spills and waste tips associated with them: termed Technical Desertification.

Land quality, rural population concentration and activities, and groundwater quality are inter-related. Deterioration of land capability and groundwater quality lead to reduced quality of living conditions, reduced economic yield from the land, and human migration out of the area affected.

No institution or agency in the five littoral countries has in the past maintained an overview of the desertification status in the whole Caspian Sea region. Furthermore, Azerbaijan, Russia and Kazakhstan has had no scientific-technical Institutes specialised on desertification issues. Thus, the current status of desertification has had to be investigated by the CCCD, including:

· investigation and assessment of the desertification status in the Caspian region (up to about 100 km from the coast) using remote sensing images and field trips;

· summarising and comparing the desertification conditions and phenomena (causes, types and degrees) in the region; 

· identification and assessment of interrelations with other environmental or economic factors and conditions (such as water level rise, technical pressure, climate change); and

· addressing social or economical impacts on population (as Public Health, water supply need, migration and living conditions).

The mapping and analysis indicates the following current extent of desertification in the coastal zone.

Azerbaijan

Mountain forests have suffered less that the low-land and Tugai forests, which have been reduced in extent over the past 1,500 years to less than 10% of their former area, mainly in Samur-Davachi and Lenkoran lowlands.

Agricultural developments have also been responsible for almost complete removal of the forests of Pirsaatchai, Kozluchai and Chikilchai areas.

The low-lying land of Khachmas, Aghzybir, Gyzlagach and Lankaran have been severely affected by salinisation caused by sea level change.

Destruction of the landscape by industrial and oil-industry developments is particularly relevant to Azerbaijan, especially in the Absheron area and south of Baku City. in many places these areas are devastated not only by desertification but also polluted by oil waste.

I R Iran

The majority of the Iranian coastline is not affected by desertification because of the favourable climate (mainly an annual precipitation of more than 1,000 mm). Only the plain areas at the eastern border with Turkmenistan around Bender Turkmen and the hilly south-eastern zone are affected.

The main types of desertification in theses areas are degradation of vegetation and water erosion. Approximately 25% of the Iranian coastal areas are severely desertified.

The main factor influencing degradation in these regions has been the increased in population over the past few years, with population levels now higher than in other similar Caspian zones (except Absheron). As a result, deforestation to obtain arable land in southern areas from Gorgan to Sari has over the past 20 years caused considerable soil erosion in hilly areas.

Kazakhstan

Kazakhstan has an arid climate in the eastern coastline and semi-arid on the northern coast.

The northern and north-eastern coastline is also susceptible to flooding by short term surges and long-term sea level rise. The coast in this area has moved inland by 50 to 70 km, flooding 7 settlements and 127 oil wells, farmland and game reserves.

The Kazakhstan coastal zone is the most desertified region in the Caspian, including:

· technogenic desertificationcaused by increased oil and gas exploration (Tengis, Kalambas, Krashanbas, Marishi, Pustinnoe and Karaarna);

· salinisation due to high groundwater up to 1 to 3 km from the coast;

· linear erosion caused by the sea surges;

· degredation of vegetation and watering wells in the cattle growing areas; and

· water erosion in the undulating hilly areas of Ust-Jurt Plateau.

Pollution from oil and gas production is also creating considerable local destruction of soils and plant life.

Russian Federation

The Russian Caspian areas are characterised by arid and in the western areas semi-arid climate. Another negative factor is the high level of cattle breeding in the Kalmykian Republic. On the plain marine terraces with light soils wind erosion is the main desertification type. 

Other desertification types are flooding induced erosion and salinisation around the Caspian coast and along the both main rivers: Volga and Terek:

· 400 000 ha in the Astrakhan Province, including 12 000 ha arable land 

· Dagestan Republic approximately 150 000 ha 

· Kalmykhian Republic 70 000 ha arable land and many villages, indust​rial objects, roads and oil fields flooded 

Another desertification type even threatens the Dagestan pre-montain black soil area. Here the water erosion mainly leads to a decrease of land productivity. In Kalmykhia additionally salinisation has degraded the vege​tation cover and strongly decreased the productivity of meadows. 

Turkmenistan

In Turkmenistan there are desertification hot spots in the middle of the Turkmenistan Caspian coast around the small town Celeken. Here the natural desert on the sand dunes is ac​com​panied by:

· flooding of the Caspian Sea water and with a strong salinisation; and

· man-made desertification type from the strong oil and gas research and production (with the degradation of ve​ge​tation and soils and with pollu​tion by oil products).

These desertification hot spots are a result of highly erodable sands that have been affected over the past decades by both above mentioned processes. At the same time the risk of further desertification is high. Other factors are the frequent strong winds and the consumption of vegetation for various needs.

A particular situation is found in the Kara Bogas Bay in northern Turkmenistan. The a Bay previuosly dried out dry after the dam was built south of Bekdash. For many years sul​phur was mined in large open​cast mines. The Bay was flooded again with the rising Sea water level of the Caspian Sea and the deliberate breaching of Bekdash dam

Also in the middle and south of Turkmenistan large areas were flooded as in the de​pres​sions of Balkan, Kelkor and Atrek to a distance of 35, 5 and 7 km from the coastal line. 

The salinisation processes, even on marine terraces and alluvial plains, have developed due to the rise of the ground water table. In agricultural areas salinisation has been caused by irrigation. 

4.4 Other Issues

The environmental issues that have not yet been investigated in detail are:

· Human health issues, especially related to the degrading condition of coastal lands and water supply, industrial pollution, both by air, water, and through direct contact in industries; 

· Biodiversity: as a land-locked lake, the Caspian is rich in endemic species and is also an important staging point on bird migration paths. Desert areas surrounding the Sea are also the home to endangered species of flora and fauna; and

· Loss and poor development of amenities: including tourist amenities that are poorly developed, ineffective because of inadequate regional planning, or have been destroyed by water level rise.

These issues are covered in depth in the 5 national reports prepared in 1998 for the CEP. The issues will be further investigated and analysed under the support of the GEF/UNDP project.

5. Analysis of Causes

5.1 Bioresources

Basic Productivity of the Sea

Productivity of the sea is best measured in terms of the production of the most basic elements of the food chain: phytoplankton, zooplankton, and zoobenthos, eliminating other effects on fish productivity. Productivity is influenced by water temperature, salinity and nutrient content (negative effects of pollutants are described below).

Seasonal changes in water temperature and salinity are key factors underlying feeding and spawning migrations of fish. Apart from the seasonal variations, there are considerable variations in productivity from year to year as a result of changing trends in the water temperature, salinity and nutrient level. These trends are mainly influenced by 2 factors: sea level and river inflow. Increased sea levels result in increased areas of shallow, warm, relatively fresh water which enhance productivity. Increased river flows result in increased sea levels and reduced salinity in some important coastal zones, but also generally bring to the sea increased volumes of nutrients, which further enhance productivity.

Of secondary importance are wind-induced water movements, which affect the distribution of temperature, salinity, nutrients and plankton within the sea.

The same conditions that promote production of the basic food elements are also conducive to the early stages of fish growth, so that occurrence of favourable conditions can have a dramatic effect on the numbers and weight of juvenile fish.

Productive conditions are further compounded during periods of high sea level by increased strength of the mid-Caspian circulation, which brings cold water from the deeps to the surface, increasing the temperature and salinity gradient in the coastal zones.

Production

The productivity of the system is measured by the local research institutions in terms of volume of biomass and standing stock of the main commercial fish species. More work needs to be done to correlate the primary productivity of the sea (phytoplancton, zooplancton, benthos) with the total biomass of commercially important and other organisms of the higher trophic level. Competition for food between various species is not well understood nor is it documented. The most recent data derived from assessment of the biomass of commercially important species and expressed in terms of Total Allowable Catch (TAC) for the entire Caspian Sea are as follows: 

Table 5.1


Tonnes

Sturgeons
   15,000 

Kilka
 300,000 

Herrings
   40,000 

Semi-migratory
63,000 

Vobla (Caspian roach)
   22,000 

Total
 440,000 

The above estimates are considered conservative especially with regard to semi-migratory species. Research and development work going on in some countries, notably Iran, is contributing to an increase in output beyond traditionally known limits. Moreover, certain fish species, like mullets, increasing in abundance are absent from the above assessment. The potential sturgeon catch includes officially recorded catch and volume currently estimated as being taken by poachers. The Caspian marine and river system clearly has the basic capability to be a productive unit that can sustain larger catches of the most valuable species. Current hydrologic conditions and those conditions that are likely to pertain for the next few decades will ensure that basic productivity is not a limitation on the exploitation of its bioresources.

Effects of Pollutants

The historical distribution of pollutants in the sea, their sources, potential for reducing emissions and risks of catastrophic increases are described elsewhere in the document. This section summarises the key findings in relation to the bioresources.

The following description of pollution levels and their effects is based on local scientific research and experience. Experience in the EU indicates that the analysis may change after the introduction of improved laboratory analysis techniques.

Organic Matter

The organic matter and phosphorous and nitrogen (nutrients) of the sea derives almost exclusively from its tributaries, which carry domestic, industrial and agricultural effluents. Organic matter and nutrients either provides the food for the basic organisms (plankton, zooplankton and zoobenthos) or degrades. Degradation of organic compounds consumes oxygen, reducing the oxygen content of the water. The inflow of organic matter and nutrients is thus beneficial up to a point, after which it is likely to result in over-depletion of oxygen levels, and eventually anaerobic conditions, or "eutrophication". Oxygen depletion in the bottom water causes the death of bottom-living animals which are often the food for higher organisms and part of the fish food-chain. More widespread oxygen deficiency may also directly cause fish mortality. Greatly depleted oxygen levels result in almost complete removal of the higher orders of life (fish) from the sea, and would thus be commercially disastrous. 

Eutrophication, up to a certain limit, leads to:

· increased primary production of phytoplankton;

· increased bacterioplankton;

· increased organic detritus falling to the sea bed and accumulating there; and

· increased zoo plankton and zoobenthos.

However, over-eutrophication with oxygen deficiency may disturb the whole biological balance of the system and mass mortality of bottom-living animals.

Presence of the Silver Crucian carp is an indicator of the advanced eutrophication process, and evidence of increases in the Silver Crucian carp have been found in the Northern Caspian Sea, especially in shallower areas. This fish may survive at very low oxygen content in the water (3 to 5 mg/l, short term even at a level of 1 mg/l) where other fish would die. 

Most of the organic matter and nutrients flowing into the Caspian is discharged at river mouths, and especially in the northern shelf area, where warm, relatively fresh, shallow water also encourage the growth of basic organisms. Between the 1970's and the end of the 1980's the summer biomass in the northern shelf area doubled. In the 1970s  organic carbon levels in the sediments of the same region increased 1.5 to 2 times compared to values recorded for the 1950 to 60s. 

In summary, increased economic activity, especially agricultural activity, and extension of drainage systems in the catchment over the period 1960 to 1990 resulted in a 40% increase of photosynthesis of phytoplankton, a 4-fold increase in zooplankton biomass, and a 50% increase in zoobenthos in the Northern Caspian. In the Middle and Southern Caspian the maximum development of phyto- and zooplankton was observed in 1986-1990.  Since economic activity reduced after the break-up of the Soviet Union, nutrient levels and their effects fell and have stabilised at a lower level. Provided the influx of nutrients does not increase again, the risk of damage from eutrophication will not be serious. Provided new sewerage schemes include the appropriate effluent treatment works, regenerated industry adopts modern waste standards, and agricultural discharges are controlled, there should be a reduced risk from eutrophication of the sea.
Hydrocarbon Products

Hydrocarbon products naturally enter the Caspian Sea from the erosion of rocks and emissions from sea-bed mud volcanoes. Coastal oil production facilities that have been flooded by the recent rise in sea level attract considerable interest, although in terms of overall pollution of the sea, they are of minor significance but may be locally significant. 

Pollution hot-spots are associated with the mouths of the Volga and Ural, the Absheron peninsula and large towns such as Baku, Makhachkala and Izberbash, where hydrocarbons have accumulated in bottom sediments. In the future new hot-spots could develop at the border between the Northern and Middle Caspian, along the so-called Mangyshlak outfall. Preparations for exploitation of the oil field known as the “Khvalynskaya” structure are under way, and the area is an important feeding ground for sturgeon, herring, kilka and seal.

Pollution from oil production, ports, river effluents, and shipping is localised and does not seriously affect the open sea. Furthermore, hydrocarbons, are bio-degradable, so that pollution levels can be reversed, although the more complex compounds such as polyaromatic hydrocrarbons are less bio-degradable and will accumulate in sediments and be taken up in the biota. 

More important than overall pollution levels are:

· the presence of some contamination hot-spots on the migratory paths of some fish species (, notably sturgeon, herring and kilka. Such areas at present include the Absheron peninsula and the Neftianyie Kamni Island. The actual and potential danger of such hot-spots lies in the fact that the fish do not pass the areas “in transit”, but follow its migratory route, both in the northerly and southerly directions, pursuing food or going to spawning grounds; and

· the risk of catastrophic localised increases in pollution associated with oil exploration, production or transport.

The effect of massive oil contamination would be to depress all biological production processes. Even though there is evidence throughout the world of the ability of organisms to adapt to high background levels of specific pollutants, in the most heavily hydrocarbon-contaminated areas off the Absheron peninsular, reductions in production have been recorded at all trophic levels, including a halving of productivity of the zoobenthos. The reduction in primary productivity naturally depresses fish productivity. However, even though researchers have estimated the reduction in production of fish to be some 30,000 tons in the South Western oil producing region, the localisation of this effect is illustrated by the fact that this represents only about 10% of annual catch. 

The priorities for the Caspian Sea at the present stage are oil hydrocarbons, heavy metals, phenols. To a lesser degree there is concern about such toxicants as chlororganic pesticides (COP), detergents.

Oil hydrocarbons belong to the 4th class of hazardous matters, owing to its widespread occurrence and diluting properties compared with COP, which is the most dangerous toxicant for the ecosystem of the Caspian Sea. The heightened concentrations oil hydrocarbons (up to 0.10-0.27 mg/l, i.e. 2-6 MPC) are registered near large settlements (Makhachkala, Izberbash, Baku etc.). The oil products are present everywhere in the Caspian Sea. In the Northern Caspian over half of the measurements (54.1 %) have concentrations of oil hydrocarbons in the amount of 0.5 to 3 times MPC (maximum permissible concentration).

Increased content of oil hydrocarbons in water is accompanied by their accumulation in bottom sediments. In the Middle Caspian hydrocarbon concentrations have been measured at from 23.5 to 29.2 mg/kg average. In the Volga estuary the content of oil hydrocarbons in bottom sediments fluctuates from trace quantities up to 70 mg/kg, with an average of 18 mg/kg. Concentrations of oil hydrocarbons in sediments and water have a strong adverse impact on the plankton and benthos life, thus reducing the food base for commercially important fish. 

Metals

Heavy metals are important for the ecology of the Caspian because they do not decompose, only change chemical bonds. Metals thus gradual accumulate in the sea, the sediments, and the living marine organisms. Heavy metals are found in parts of the Caspian at 1 to 2 orders higher concentrations than in the world oceans, with zinc and copper predominating. High concentrations are mostly found in the northern zone. Indeed, concentrations in the middle and southern zones do not generally exceed maximum allowable concentrations (of the Russian Federation) except for zinc and iron which sometimes exceed standards by up to 10 times. 

Heavy metal inflows to the Caspian are mainly associated with mining and industrial activities, but rivers of the north-western catchment also bring to the sea many naturally occurring heavy metals (lead, zinc, copper, iron, cobalt and mercury).

Heavy metals accumulate in greatest concentrations in the muscle tissues of predatory fish (catfish, pike-perch, stugeon), with progressively lower concentrations in the gonads and liver. The most toxic metal is mercury but the greatest concentrations in predators are found in the following order:


Zn > Cu > Pb > Hg > Cd.

Metal toxins accumulate in seals in the blubber and liver.
Pesticides

In common with heavy metals, chloro-organic pesticides (COP) are an important influence on the ecology of the Caspian because of their extremely slow rate of decomposition and accumulation in the environment. COPs originate from pesticide applications (including DDT) to crops grown on the tributary catchments. Particularly important have been the applications to rice on the Volga delta, where the drainage effluent is discharged almost directly into the sea. Thus, peak concentrations are found in the mouths of the tributary rivers, being specially severe in the mouths of the Terek and Kura. 

COPs enter fish mainly through the food chain rather than directly from the water, and accumulate in the liver and gonads, with lesser concentrations in gills and muscle tissue. Highest levels of accumulation appear in the higher predators, catfish, pike-perch and pike, as can be expected.

Effects of Persistent Pollutants

High concentrations of both heavy metals and pesticides produce physiological, biochemical and morphological changes in fish, although particular abnormalities cannot be closely linked to particular pollutants.

Evidence of the effects of toxicity are abundant:

· 14 - 89% of fertile adult roach, bream, crucian, perch and pike-perch exhibit defective erythrocytes morphology indicative of a toxic lesion;
· 18 - 26% of fertile adult Caspian roach exhibit chronic cumulative toxicosis which can reduce the average fertility of productive females to 70 - 40% of potential;

· since the late-80s/early-90s malformations in muscle structure and weakened roe shell have been observed; the disease peaked in 1987 when almost 100% of sturgeons were afflicted by what is called myopathy. The situation improved in early 90s, and recently no serious pathological changes were observed although as many as 60% of sturgeons show some abnormalities;

· currently about 30% of sturgeon have a disturbed reproductive system including weakened roe shell;

· about 40% of the fingerlings of semi-migratory fish die in the early stages of growth; and

· 60% of mature female seals are barren.

The highest accumulations of toxic substances are found in predatory and long-living fish such as sturgeon, and in seals. As the above abnormalities are associated with persistent pollutants, the effects can be expected to manifest themselves for many generations to come.

Mass mortality of sturgeons took place in the winter of 1964 and spring of 1965 caused by accidental release of highly toxic organophosphorus compound into the Volga river. It was estimated that ens of thousands of fishes died. In the 70s fish mortality occurred, although at a much lower scale, and there was no possibility of determining the cause of it, which probably was the discharge of pollutants from an enterprise along the Volga river. It is essential that further releases of persistent pollutants to the Caspian be avoided as quickly as possible, mainly through controls on industrial and agricultural practises.

Fish Reproduction

There are no known problems with the spawning conditions for marine fish species, and the variations in their catch are assumed to be the result of changes in primary productivity of the sea, catch techniques and catch size.

The populations of sturgeon species have definitely reduced because of over-fishing under conditions of reduced natural spawning areas because of the damming of main tributaries and the reduction in flows in the estuary channels during the spawning periods. Most emphasis has thus been placed on sustaining the population of sturgeon species through artificial reproduction for stock enhancement. Hatcheries to produce sturgeon fingerlings were first built in the region in the 1960s, when a capacity of 32.5 million fingerlings per year was installed. Some fingerlings were released in the open sea. Additional hatcheries were constructed in all Caspian countries except Turkmenistan until, by the late 1980s, 89.4 million fingerlings per year were being released. Since the breakup of the Soviet Union the releases by CIS countries have reduced, partly as a result of rising sea levels damaging hatchery infrastructure. 

In addition to the release of fingerlings, attempts have been made on the Volga to increase the areas suitable for natural spawning and improve the access routes to such areas. The cost effectiveness of amelioration of remaining spawning grounds in the lower reaches of the rivers has not yet been proven. During the last few years (since 1998) the number of mature fish reaching spawning grounds is so small that the grounds are considered unutilised. It is a common opinion that the simplest method of increasing natural spawning would be by increasing river flow during the spawning period, although this would probably have considerable economic impact on power production and is difficult to justify due to the dramatically low number of spawners going upstream to the spawning grounds.

The changes in the sturgeon fishery since the early 1930s are best illustrated by the graph: 

It is apparent that the decline in sturgeon catch started well before the rapid development of poaching, and it affected both the ex-USSR fishery as well as that of I R Iran. The only plausible explanation of the situation is overfishing and no concern for the reduced recruitment of juveniles due to dammed rivers. Release of juveniles from hatcheries for stock enhancement purposes could not compensate the high volume of fishing and greatly reduced recruitment from natural spawning. It has to be borne in mind that sturgeons mature very late and therefore the impact of overfishing cannot be compensated for over the short term. Tagging fingerlings is difficult, so there is no direct evidence of the success rate of hatcheries in increasing sturgeon populations.

Other fish species that have been bred in captivity for release as fingerlings are: Salmon, Bream, wild Carp, Vimber, Shemaya and Khutum Roach. The impact the stock enhancement had on the level of catch is unknown, except for the two high value species grown in Iran, viz. Kutum and shemaya, Kutum catch, thanks to stock enhancement from hatchery grown juveniles, grew from the historical less than 2,000 tonnes until 1985 to 11,000 tonnes in 1995. The catch of shemaya reached almost 300 tonnes in 1998, from negligible volume fished earlier.

In addition to supplementing reproduction of sturgeon and some other fish, some new species have been deliberately introduced to the Caspian, notably Grey Mullet. Grey Mullet is caught only by Iran with catches reaching 4 to 7 thousand tonnes and no recorded deleterious effects. The reason mullet is not fished by other countries is the ban on fishing with nets introduced in the 1960s and still in force in the NIS, while Iran uses nets to fish both sturgeon and other fishes. This ban does not allow exploitation of the significant herring resources either. 
Exotic species

The Caspian sea is vulnerable to incidental transfer of exotic species of plants and animals by vessels (on their hulls or in ballast waters) and birds. Incidences of such transfers have been recorded, although do not seem to have serious adverse impact on the ecology of this closed basin. On the other hand, man deliberately transferred two species of benthic organisms and one specie of fish (mullet). The transfer of benthic organisms reportedly has had positive impact on the state of fish stocks, providing additional food, the main reason of its introduction. Long term effects will only be visible as time goes on. 

Summary of Reasons for Changes in Fish Catches

Sturgeon

Annual catches of sturgeon species have always exhibited variations that relate to variations in natural river flows. These variations, which have been remarked to follow a decadal pattern, probably reflect changes in the numbers able to pass up the rivers to spawn more than changes in total population. However, the first major reductions in catches were associated with the construction of dams on the Caspian tributaries, especially the Volga. These dams and weirs were constructed initially in the 1930s, following which catches reduced to 60% of pre-1940 levels. 

The catch reductions were more than recovered by the device of banning marine catches. More river constructions were completed in 1970, following which catches have reduced to 75% (1970s) and 70% (1980s) of pre-1970 average levels. Management measures, catch levels determined by plans, etc. apparently did not take into account the changes that were taking place in the environment and overestimated the stock enhancement factor through artificial breeding.

The catastrophic further reduction in official catches in the CIS since 1990 can only be attributed to illegal fishing. The reduction in catch in Iran (where illegal catches are negligably small) has been of a lesser order than the reduction in the CIS countries, indicating that the total stugeon population is rapidly being affected by over-fishing, most of which is illegal.

Semi-migratory and Fluvial Fish

The majority of semi-migratory and fluvial fish are caught in the region of the Volga mouth (and to a lesser extent the Ural) where hydro-chemical conditions favour their growth. However, regulation of the Volga flows following the construction of reservoirs and power stations in the 1960s apparently resulted in very serious changes to the environment (spawning and living areas) of those fishes. 

The fall in sea level during the period 1971-1978 also considerably affected productivity of these fish species that rely on the high basic productivity of the northern shelf of the Caspian. Catches fell to 55% of pre-1960 and never  recovered. The recorded catch since 1990 cannot be relied upon in any conclusions, as the statistical system is no longer reliable and the subsistence catch (unrecorded) increased significantly over the previous periods.

The catch of kilka increased dramatically since the introduction of light fishing with pumps in the early 1960s. A proportion of the catch was reduced to fishmeal, however, a significant volume was frozen or otherwise processed for human consumption. The overall catch of kilka in the countries other than Iran shows a declining trend since 1990s, due to obsolete and unseaworthy fleet. However, the kilka catch in Iran shows a steadily growing trend following the plans of the country to optimally utilise this resource. The state of kilka stocks does not give reasons for concern, however, it needs to be monitored on a regular basis, together with all other fishes. 

Some changes in fish populations can be attributed to specific conditions:

· reductions in roach populations associated with lower biomass of brackish water molluscs;

· reduction in pike-perch population following regulation of the Volga because of changes in ecological conditions ( notably pollution and toxicity of water), that affected the fish's ability to reproduce;

· following the reduction and subsequent rise in sea level and associated fall and rise in populations of pike-perch, the population moved its centre of gravity from the Volga to the Ural river;

· greater than average increase in catfish and pike as a result of improved conditions for these fish in the lower reaches of the Volga;

· large reductions in populations of small ordinary fish (red-eyed rudd, tench, perch, crucian) because of increased eutrophication of the Volga delta area;

· conversely, the increase in population and extension of territory of the silver crucian carp, which favours eutrophic conditions;

· the khutum roach, a relatively valuable species which colonises the western and southern coastal zones was never of great population, but it has almost been fished to extinction off Dagestan and Azerbaijan, although it is being successfully managed in the waters off Iran;

· within the overall large scale reduction in herring population, the black-spined shad has been more successful than the Volga multi-stamen shad, probably because of its adaptability to eutrophic conditions;

5.2 Pollution Emissions

State of the Sea

A comprehensive understanding of the current pollution-state of the Caspian Sea is not available, partially because of the reduction in monitoring activities over the period since the collapse of the Soviet Union and partly because of inadequate analysis techniques used in the NIS states. Information from the Iranian sector has not yet been fully analysed.

Four groups of pollutants are listed and described below. Analysis of information on water and sediment pollution and its toxic effects is at present insufficiently advanced to be able to assess the pollution risks in scale of importance. 

Toxic Substances

Toxic persistent and bio-accumulating substances are discharged by industry, untreated wastewater and agriculture directly into the sea and through the river and drainage systems. Analysis of the concentrations in the sea and sea sediments of toxic substances is so far inadequate to provide a comprehensive description, but it is known that the greatest concentrations are likely to be found close to major coastal industries (the Absheron peninsular in Azerbaijan) and the mouths of rivers which have mining, chemical industries and agriculture on their catchments. 

Routine monitoring by the responsible institutions only includes analysis of toxic substances in some areas. Localised investigations by oil exploration companies in Azerbaijan and Kazakhstan waters have generally found low levels of toxic substances in the sediments. Investigations by the University of Moscow in the Volga and Kura estuaries have not found particularly high levels of contamination, but these investigations have not been comprehensive. Investigations around the Absheron peninsular into the extent of mercury contamination have found high levels of contamination in sediments off the Sumgait area, but have not proven consistently high levels in the coastal population.

Nutrients

Eutrophication of parts of the Caspian may be a substantial risk due to high discharges of nutrients to some coastal waters from rivers and domestic and industrial wastewater. The biological response to high levels of nutrients can be assessed by observing the levels of chlorophyll-a, high levels of which indicate high levels of phytoplankton. High levels of phytoplankton may cause oxygen deficiency as dead phytoplankton in the bottom water degrade. Existing monitoring programmes do not measure the total loads of nitrogen or phosphorous discharged to the sea. Furthermore, no routine measurements of chlorophyll-a are made, so it is difficult to assess eutrophication risks in the coastal areas. There appears to be the highest risk in the shallow waters off the Volga delta, but the risk cannot presently be quantified.

Radio-nuclides

The seawater is not routinely monitored for the presence of radio-nuclides. Nonetheless, specific coastal industrial activities indicate that there may be considerable health risk from the presence of radio-nuclides in the sea and sediments, resulting from drilling and nuclear industry.

Oils

Although oil production facilities in obviously poor condition and extensive on-land oil pollution are some of the most visible environmental issues in the Caspian region, it is unlikely that oil pollution of the open sea is an important issue. In local areas such as Baku Bay there is considerable oil pollution of the water body and sediments.

Techniques used in the NIS countries to routinely analyse of oil concentrations in water and sediments are inaccurate and unreliable, but may over-estimate concentrations by up to 2 orders of magnitude rather than under-estimate. An analysis of the relevant importance of all potential sources of contamination indicates that the majority of the total oil discharged to the sea originates from the rivers through discharges of domestic and industrial wastes (including animal and vegetable oils) and from natural seepages and under-sea volcanoes. Recent investigations of bed sediments in open waters by the oil industry and in the estuaries by University of Moscow have found low concentrations of oil products. Nonetheless, there are clearly areas where there is considerable local pollution close to the Soviet-era oil production installations on land and in the sea.

Pollution Sources

Coastal Industry

Potential problems resulting from effluent discharges from industries cannot be summarised, as they are industry and installation-specific. The greatest concentration of coastal industries is in the Absheron peninsular of Azerbaijan, although there are also significant industrial concentrations in: Mahachkalah, Dagestan (Russian Federation); Astrakhan, Russia; Atyrau, Kazakhstan; Turkmenbashi and Cheleken, Turkmenistan; and Gilan Province, I R Iran. Polluting industries include oil refineries, power stations, chemical plants, fertiliser plants, and food processing plants, including fish processing. 

In the NIS countries, industries mostly use poor technology, are operated without any practical concerns for environmental pollution, and discharge pollutants to the sea directly or through the municipal effluent collection and treatment systems, which are not working properly. 

It is not currently possible to assess the relative effects of individual industries on the sea without detailed investigations because routine monitoring has measured concentrations of pollutants but not flow. Where effluent flow is recorded it often quotes the design flow. Thus, total pollutant loads cannot be estimated accurately. However, the country reports identify many individual cases where urgent action is needed to reduce sea-pollution from industrial sources.

On-land industrial pollution issues in the coastal zone are considerable. Although the CEP is in principle encompassing a coastal zone of up to 200 km width, the priorities for the CEP are in the discharges to the sea and their effects on human health and ecology. However, especially in the Kazakhstan cities of Atyrau and Aktau, many domestic and industrial effluents are discharged into lagoons. These lagoons have the potential to pollute the sea by overflowing or through groundwater flow, and in any case are a considerable local risk. Effluent discharges to lagoons will thus also be a priority target of the CEP.

Most coastal industries are currently at an extremely depressed state of production. These, mainly state-controlled, industries may not recover in their previous form because of their poor economic viability. Thus, assessment of potential pollution risk based on type, size, and state of existing industries would be erroneous. Rather there should be a concentration on ensuring that economic re-generation is carried out within an adequate regulatory environment.

Municipal Discharges

In the NIS states bordering the Caspian, municipal wastewater collection and treatment facilities usually combine domestic and industrial effluents. Some 40% of municipal wastewater discharged directly to the Caspian has been mechanically treated and in a few cases has also been biologically treated. The remaining 60% of municipal effluent is discharged directly to the sea without provision of long outfalls to ensure adequate dilution. Even where treatment facilities have been provided, the treatment efficiencies are low because treatment plants are generally old and largely not working as designed.

In terms of overall load on the sea, direct municipal discharges contribute much less than the rivers that carry effluents to the sea. Nonetheless, the municipal effluent volume and quality of coastal cities is sufficient to cause localised health dangers and in some cases to carry hazardous substances to the sea that will have longer term effects on the ecology and human health. 

The effluent collection systems in coastal cities are currently poorly developed and in poor condition. There is therefore a potential for a considerable increase in domestic effluent discharges to the sea as collection systems are improved and extended. Per capita water consumption in the NIS is much higher than in other parts of the world. As consumption is reduced by increased efficiency of water use, effluent quantity should fall, although total pollutant loads should remain the same. However, more concentrated wastewater may have more toxic effects on the sea. Thus more efficient treatment will be required.

Oil Pollution

In addition to natural and river-borne pollution, oil pollution of the sea is related to:

· leakage from Soviet-era oil production facilities in the sea (some of which have been incompletely decommissioned); 

· return to the sea of untreated production water (also from Soviet-era facilities);

· effluents from refineries; and 

· effluents from on-land production that are discharged directly to the sea.

In addition, there is a considerable and increasing traffic of oil by tanker across the sea from Aktau, and to a lesser extent Turkmenbashi to Baku, without any ballast water reception or treatment facilities in the harbours. Tanker traffic therefore undoubtedly contributes to oil pollution close to Aktau and Turkmenbashi.

It is impossible to accurately estimate the extent of seepage from oil wells in the sea, especially those that were on land but are now flooded and those that have been abandoned and not properly sealed. The Baku Bay Study has estimated that about 200 wells in the area have been abandoned and not properly decommissioned. Although these wells constitute a risk, they estimate that seepage at present is not significant in relation to other oil industry discharges in the area. Flooded wells on the Kazakhstan coast and to a lesser extent in Turkmenistan are also leaking and creating local risks.

 Radio-Nuclides

Probably the largest source of radioactive contamination is from the Mangistau Atomic Energy Combine in Aktau, Kazakhstan. From this complex there are may routes by which radio-nuclides could find their way to the sea:

· by seepage from Lake Koshkarada, which accepts effluent from the complex, and in which solid wastes have been disposed;

· by air-borne dust from the dried bed of Lake Koshkarada, resulted from the reduced water levels following reduced production levels in the complex;

· from accidental spillages or failures of pipework and storage tanks in the complex; or

· from leakage to groundwater from storage of radioactive waste at the complex.

The current levels of contamination from these sources are unknown, but are considered to be a significant risk. The use of water produced at the nuclear plant for drinking water in Aktau City is also a potential risk to human health.

Land in the coastal area close to Aktau has also been contaminated with radioactivity by 3 deliberate nuclear explosions that were made in 1969/70 to form depressions for storage. It is unknown whether these lands can pollute the sea.

Iodine production plants in Cheleken and Nebit-dag, Turkmenistan, produce 5,000 tons/yr of radioactive solid waste that is stored close to the factories. There is the potential for these wastes to contaminate the sea and directly affect the coastal population.

Radioactive drilling cuttings, drilling mud, sludge and equipment is stored in the coastal zone of both Atyrau and Mangistau Provinces in Kazakhstan.

River-borne Effluent

Rivers contribute the greatest proportion of all types of pollution to the Caspian Sea, carrying pollution that has originated from domestic and industrial outfalls and direct run-off of agricultural pollutants. Although data on river pollution concentrations available are considered to be not very reliable yet, it is estimated that rivers discharge between 80% and 97% of the total input to the sea of each important pollutant except oil. Rivers are estimated to provide 60% of the oil load.

The CEP mandate currently limits activities to the sea itself and a coastal band of no more than 200 km. Rivers clearly have a major impact on overall sea water quality, and the pollutants being carried to the sea mostly originate far more than 200 km from their mouths. Thus, although the CEP may not immediately be involved in investigating sources of pollution on the rivers, it must liase strongly with other programmes that are doing so and identify major sources of pollution within the river basins.

Institutions Responsible for Control

The NIS countries have all inherited a common administrative system from the Soviet Union. Although changes have taken place in the institutional structure in all of the countries, and are continuing, the following description of the institutional structure in Azerbaijan can in most parts be applied to other NIS countries.

Azerbaijan

Responsibility for environmental management in Azerbaijan is shared between the State Committee for Ecology (AzSCE), which has an overarching responsibility, and the “Production” ministries, which are expected to be mindful of environmental issues while determining policies and activities. There is clearly a conflict of interest within the production ministries, and productivity usually receives preference. The State Committees do not sit on the Cabinet of Ministers and, although they have an “overarching” mandate, they in practise do not over-rule Ministries. Furthermore, some environmental quality monitoring responsibilities lie with the State Committee for Hydrology (AzSCH), a separation of responsibilities that does not lead to efficient operation.

AzSCE’s responsibilities include monitoring environmental conditions, issuing permits for allowable discharges and disposal of contaminants and inspecting enterprises. AzSCE has the authority to levy fines or close down enterprises that violate environmental laws, regulations, or permit terms.

The existing arrangements have several inadequacies:

· as both production and environmental control are state controlled, the enforcement agency (AzSCE) cannot usually carry out their enforcement duties properly because production demands receive higher national priority;

· the monitoring role is unnecessarily separated between institutions (AzSCE and AzSCH);

· permitting systems that are distributed around several departments and staffing levels in AzSCE are unsuitable for proper enforcement;

· there is no clear separation between the policy-making role and the enforcement role, so that AzSCE have no effective influence on the planning activities of the production ministries;

· laboratory resources and techniques are not adequate for proper control of the polluting enterprises and the resulting information is not computerised; 

· the emphasis is entirely on permitting to control emissions, with virtually no element of self-control or improvements in technology to increase profitability at the same time as reducing pollution emissions;

· fines collected and permit costs go to central government, with an inadequate share being made available to AzSCE, with the result that AzSCE are under-funded; and

· there is almost no public access to environmental monitoring information.

5.3 Fluctuations in Sea Level

The causes of sea level change are mainly natural or related to world-wide anthropogenic effects on the climate. Local causes of sea level change and causes of increased or unnecessary environmental damage resulting from sea level change are:

· Inadequate understanding of the processes causing natural changes in climate and thus changes in sea level.

· Inadequate planning of coastal developments, resulting in unnecessary damage.

· Reducing capabilities in meteorological, hydrological, and oceanographic monitoring, resulting in poor prediction of long and short-term (surge) sea level changes.

· Rundown of hydrometeorological organisations and data collection in all CIS countries to the point that they are unable to function properly.

· Lack of regional planning and lack of cooperation in management of long and short-term sea level changes.

Historical Variations

The Caspian Sea level is presently about 27 meters below the level of the world’s oceans. As an inland sea, the level naturally changes in response to changes in the balance of inputs (mostly river flow) and outputs (wholly evaporation). Apart from small annual variations of about 0.20 m, during the past two centuries sea levels have been more than 3.5 m higher (1800), and 2.1 m (1977) lower, than its present level.

Following a period of high levels in the early 1800s (-23.5m) the sea fell to -25.5m around 1900 and declined rapidly by 3m from 1930 (minus 26m) until 1977 (-29m). The last fall in levels was due to lower rainfall over the River Volga basin, but also increased water abstractions from the river Volga and the construction of river regulation schemes were contributory factors. A sudden reversal of the falling trend occurred in 1978, since when sea levels rose 2.5 m to 26.5m in 1995, before falling again by 0.5m to -27m.in 2000.

During the period of falling levels there was a common belief that the fall would be irreversible, as has been the case with the nearby Aral Sea. As a result, domestic, industrial and tourism developments followed the receding coastline and falling water level. The subsequent rise in sea level during this 18 years period thus caused considerable damage as it flooded coastal infrastructure. 

Understanding General Sea Level Changes

It is well understood that the rise and fall of sea level is a result of changes in the balance of inflow to and outflow from the Sea: the major components of which are river flows and sea evaporation. Some researchers have concentrated on the effects of the changes in sea bed level as a result of oil extraction or tectonic movements, but these are minor elements of the overall balance and can mainly be discounted. 

The most influential changes since 1977 have been twofold: an increase in river flow, and a reduction in Sea evaporation, both of which changed quite markedly around 1977. Changes in these two major elements of the balance appear to have affected the rise in sea level in almost equal measures. Both phenomena are the result of climate change. 

The two most prominent global features when comparing global rainfall over the two 30-year periods, 1931-1960 and 1961-1990 are the 25% reduction in Sahel rainfall and the 10% increase in rainfall over northern Russia.  At the same time, changes over the Caspian Sea (increased cloudiness, increased humidity, reduced wind and reduced temperatures) have resulted in reduced evaporation. The direct cause for the rise in Sea levels is therefore quite unambiguous. 

To be able to understand the hydrology of the Basin and the Sea, it is essential that any model of the system should be at least in monthly time steps. The water balance processes have been routinely monitored and modelled by regional institutions but mainly using annual models. Technical assistance under the CEP umbrella has emphasised the misunderstandings that can result from the use of annual balances, and has promoted and developed in-house, a monthly model. 

The difficulty in making predictions of future levels is to understand what has altered the climate of the Region. In this respect, the evidence is growing that the hydrology of the Caspian Sea basin is now being influenced by global warming, the progress of which is even more difficult to predict, and preclude the direct use of standard statistical techniques based on past catchment behaviour. 

Potential Future Changes in General Sea Level

Investigations into the potential future changes in sea level fall into 3 main classes: statistical analyses of past sea level behaviour; modelling globally the processes that affect sea level changes and; relating changes in levels to large-scale oceanographic or climatic or extra-terrestrial processes. All three types of investigation are being undertaken in the CCWLF mainly through contracting work to regional Institutions backed up by Tacis inputs. 

Statistical analyses using topological techniques seem to produce reasonable predictions, but inherent to acceptance of these analyses is the assumption that the historic data contains information on future anthropogenic influences such as river water use and the emission of greenhouse gasses. This is patently not the case. 

Parallel with this study, work has been done to investigate predictions by combining past cyclic behaviour of sea levels with pressure field data in the Atlantic. Previous work suggests that cycles of 5 and 18 years provide a good means of prediction. As with all predictions based on past events, it depends on the theory that past cyclic events will be repeated. Unfortunately, anthropogenic influences now appear to be so strong as to over-ride these natural cycles. 

Existing Global Circulation Models (GCM) do not accurately represent the atmospheric rainfall mechanisms or the true hydrological cycle. It is unlikely therefore that they will be able to predict regional precipitation in the near future, although progress in this field is moving at a rapid rate and it is the logical way forward. 

Within Russia, and in collaboration with research institutions in the USA and Europe, attempts are being made to link changes in Caspian Sea levels to changes in large-scale climatic, atmospheric and oceanographic processes. These studies represent a positive, interim way forward to provide predictions on likely movements in Caspian Sea levels until GCMs can provide sufficiently accurate precipitation outputs. 

Studies are continuing within the CCWLF to investigate both the teleconnections between Sea levels and large-scale global processes and the latest GCM outputs using the recently installed Caspian Sea Grid model. The establishment of common modelling tools for application to the Caspian Sea level prediction is an important objective. Integrated regional coastal management planning is not possible if each Caspian country is using different criteria and different prediction of future Sea levels. 

Despite the above difficulties, and in spite of a recent small fall in Sea levels, there appears to be a general consensus that sea levels may well continue to rise in the immediate future. Indeed, in view of the impossibility of making any accurate forecasts at the present time, it is a wise precaution to assume so. One scenario, which can readily be understood, is to assume that the conditions of the last 18 years are repeated. If this were to be the case then the Sea level would rise by about a further one metre. 

Alternative views can be taken; for example in it’s simplest representation, global warming will heat the land mass much more rapidly than the oceans with their large heat storage. As a result, evaporation from the oceans (the main source of global precipitation) will fall well behind potential evapotranspiration from the land. Most leading climatologists are predicting increases in continental drying. These predictions would suggest reduced runoff and falling Sea levels. A shorter winter season over the upper Volga basin, which is also predicted, would also reduce runoff; as would increases in irrigation usage as the economies of the Caspian Sea states improve. 

A detailed review should be undertaken to determine on balance the future direction that Caspian Sea levels are likely to take and to form the basis for implementing planning decisions within the coastal zone.

Storm Surge Effects

In addition to the damage caused by the rise in general sea level, considerable flooding is also caused by wind induced increases in sea level, termed: 'storm surges' or ‘wind set-up’. The local increase in water level resulting from storm surges and the extent of local flooding depends on wind strength, the depth of water and reach length. Therefore, with it’s shallow waters, the northern part of the Caspian Sea suffers from this phenomenon, with the north-east and north-west coasts the most severely affected. Storm surges such as those experienced in 1990 and 1993 were estimated to have flooded 16,000 sq km of the north-east coast of Kazakhstan. 

Surges are common phenomena and a typical monthly surge raises levels by 0.4m and annually levels of over 1m occur. In the past, surges between 2-3m high have not been uncommon and maxima peaks and falls of 4m have occurred. Considerable damages arise, including sea pollution from oil and other industrial pollutants being washed from the land. For example, during the 1990 surge one oil installation alone suffered damages of $1.2 million. With global warming the intensity of wind speeds and cyclonic weather are predicted to increase. This problem is therefore only likely to become more serious.

Management Potential

Flooding caused by general sea level rise can be managed, but at large cost. The Netherlands has invested heavily in such works but to protect very productive farm-land, whereas the UK recently decided to reduce expenditure on flood protection and let some land be reclaimed by the sea each year.

Kara Bogaz Gol is a large (18.7 million sq km) shallow depression adjacent to the eastern coast of the Caspian Sea, into which the Sea spills annually. The shallow waters of the Kara Bogaz Gol heat up and evaporate at a higher rate than the adjacent Sea. This is the geological process that has laid down the major salt deposits throughout the world and is continuing today. The potential evaporation rates from shallow waters are now being studied for the CCWLF and are thought to be around 25 cu km per year for the Kara Bogaz Gol.

In 1980 the entrance to Kara Bogaz Gol was dammed in an attempt to reduce falling levels which were proving catastrophic to the economy of the coastal regions. In 1978, levels started to rise dramatically and the dam was deliberately broken in 1992. 

There are other shallow depressions close to the north-east coast which recently have only flooded during storm surges e.g. Sors of Mertvy Kultuk and Kaidak. Both of these large depressions could feasibly be controlled and operated in the future to moderate the rise and fall of the Caspian Sea. The economic and environmental costs and benefits of operating such a scheme should be evaluated. Preliminary studies undertaken at the CCWLF indicate that such schemes could halve a potential 1m sea level rise over the next 20 years, should the hydrometeorological conditions experienced over the last two decades be repeated. 

Transient flooding caused by storm surges can be managed, and indeed, flood embankments protect many valuable installations along the north-east Caspian coast. Construction of these flood protection measures has recently been governed by the ability to pay, rather than national economic considerations. Investigation of the optimally most economic flood protection measures is required. 

Storm surges themselves cannot be controlled, although any management of the general sea level will reduce the effects of storm surges. Furthermore, with accurate flood warning systems in place, the extent of the damage can be moderated. An understanding of the surge mechanisms is needed to enable flood protection measures to be put in place. CCWLF has made use of the Mike 21 hydraulic model (previously established in KazNIMOSK) to calibrate it for past surge events and to catalogue those past synoptic situations which have produced storm surges. The model has also been set up to calculate preliminary estimates of storm surge levels for all the coastline of the Caspian Sea.

Further work in this field should include development of a real time surge forecasting system using digital data for pressure and wind speed supplied by an international provider. It is anticipated that a minimum of 200 grid points would be used and the data updated at 6 hourly intervals. 

5.4 Desertification

Desertification Causes

The Caspian region is affected by desertification processes if the annual precipitation is less 200 mm, which is the case especially on the Turkmenistan part of the coast. Thus, degradation of drylands mainly occurs in the eastern half of the Caspian Sea region. However, other areas in the Kazakhstan and Russian northern Caspian Sea coast with a higher rainfall (from 200-300 mm/yr), in Azerbaijan and the Islamic Republic of Iran are also affected by land degradation processes, but to a lesser extent.

The main causes for desertification in the Caspian Sea region are:

Cause: Sea level rise induced through rising groundwater table

The most important cause for increased desertification in Turkmenistan, Kazakhstan and Russia is the rising Caspian Sea water level. On plain marine terraces, deltas and other alluvial structures along the coast and flooded areas in Kazakhstan the salinisation of Solonchak soils has greatly increased.

Cause: Climate change

Climate change has resulted in an increased incidence of very dry periods in some Caspian areas. In some rangeland areas of Turkmenistan and Russia, the increased dryness has been partly responsible for degradation of vegetation

Cause: Destruction of vegetation and soil structure by the activities of the oil and gas industry, road construction and other infrastructural activities

Oil and gas prospecting and production in Kazakhstan, Turkmenistan and Azerbaijan has for some time contributed towards land degradation. Most importantly, at large concentrated oil and gas production sites and along transportation lines heavy vehicle and machinery traffic has caused considerable degradation of plant and soil cover. Construction of a network of gas and oil pipelines has also resulted in destruction of the vegetation cover and soil structure.

Cause: Overgrazing

Especially in areas with a precipitation over 200 mm/yr, such as the Kalmykian Area (western part of the Volga delta near Astrakhan) up to the Dagestan Nogai step and in north-western parts of Kazakhstan beside the Ural River, cattle breeding is very often a main cause of degradation of plant and soil cover. Around cattle-watering wells where the density of cattle is especially high the degradation is even greater. 
Cause: Arable farming

An additional but not wide-spread process is water erosion introduced by arable framing of undulating land, combined with poor soil management practices. Erosion occurs in semi-arid areas of Dagestan (Russian Federation), on slopes of the Caucasus Mountains in Azerbaijan and in the hilly region of the eastern Iranian coast (south of Sari and Gorgan).
Effects of Coastal Flooding

The recent rise in sea level has destroyed settlements and infrastructure over a width of 50 to 70 km in Kazakhstan and 5 to 35 km in Turkmenistan. The flooding has also increased groundwater levels and much of the land close to the new coastline is salinised. The net result of the flooding has been a general depression of the economy and living conditions and induced migration out of the area. For example:

· The socio-economic conditions of the people of Balkan Province are well below the national average; and

· The population of Cheleken fell between 1979 and 1999 from 14 100 to 10 700. In the village of Okarem the decline was even more marked, falling from 6 200 people to 2 300.

6. Improved Environmental Management Actions

6.1 Fisheries Management

In 1992 the Commission on Bioresources of the Caspian Sea was established, although so far it does not have an official status. The Commission has been established by the fisheries administrators of the Russian Federation, Kazakhstan, Turkmenistan and Azerbaijan and its scope of work and responsibility drafted. However, since that time it has worked only as an informal body to agree on catch quotas for the subsequent year. The Islamic Republic of Iran is not a member of the Commission.  A proposed management system has been drafted by the CCMB and endorsed by the scientific community. The system would include I R Iran and give the proposed management organisation all the functions and responsibilities normally vested in such a body. The critical factors that the management body needs to address are;

· management of transboundary resources in a uniform fashion, due to the nature of the resources and their migratory patterns. 

· Management of the sturgeon resources: reproduction, stock enhancement and exploitation; 

· Determination of fishing regulations binding on all countries in a uniform fashion. 

The establishment of a management body should be possible regardless of the legal status of the Caspian. Delay may mean a complete collapse of the sturgeon resources, disputes over fisheries leading to acrimony and international tensions and a decline in the mutual benefits derived from the Caspian fisheries resources. 

Fishing regulations and fishing techniques call for an independent review and evaluation, including two important aspects:

· Catching the most valuable sturgeons in the mouths of rivers while they are on their spawning runs, limiting the number of fishes allowed to pass;

· Not exploiting valuable herring and mullet resources in the Caspian

The ban on fishing with nets in the Caspian under the control of the former USSR was intended to protect sturgeon resources by eliminating accidental catch of mature and juvenile fish. It was for this reason that fishing for sturgeon was limited to the mouths of the rivers, i.e. on the migratory routes of mature fish entering the rivers for spawning. In this way, the most valuable mature fish was caught by the industry and only a proportion of it could pass to the spawning grounds. Under the present critical situation, when the sturgeon resources seem to be at the verge of extinction due to legal and illegal fishing, such a concept is in need of thorough review. Management of sturgeons calls for the passing of a maximum number of mature adults to spawning grounds. 

The ban on fishing with nets has its negative side effect in the inability to catch the significant resources of herring and mullet currently accessible only to Iranian fishermen. Fishing with light and pumps for kilka is also not as selective as it would seem at a first glance. From a rational management perspective, the fishing regulations need to be reviewed. 

Although there are no records to this effect, it is known that fishing with pumps does not allow targetting one specific species of kilka (out of three in the Caspian), although their relative commercial and nutritional value is different. Anecdotal information also points to the fact that fish other than kilka are caught within the stream covered by pumps. The question of by-catch of possibly valuable species should be investigated. 

Poaching, especially for sturgeon, is a major problem in the Caspian. It is estimated that poachers take 10-12 thousand tonnes of sturgeon while the officially recorded catch is only 2-3 thousand tonnes. Control of poaching by law enforcement organs is ineffective due to many factors, one of which is the technical means used by poachers (boats, helicopters) outdoing those of the law enforcement agencies. It is considered that poaching will not be eliminated until the economic level of life in the littoral states will become high enough to make poaching unattractive and too risky or controls are sufficiently strict (such as in I R Iran). 

6.2 Pollution Control

National vs Caspian Issues

The Caspian countries are much more extensive than the regions bordering the Caspian. It is therefore unreasonable to expect that the countries will reform pollution control procedures nation-wide to meet Caspian priorities. It is also unreasonable to expect that the CEP will have a wide-ranging impact on national structures. The CEP may provide one of many impetuses to other nation-wide aspects such as institutional reform, but cannot expect full success in driving change. Many pollution control issues are enterprise or outfall-specific and can be identified by the CEP. Therefore, the CEP should build a Caspian-specific set of reporting systems and standards for monitoring to ensure that all Caspian countries are comparing like with like and that the overall state of the sea can be reliably assessed.

Aims of Pollution Control

Whereas, at present, pollution control philosophies in the region tend to rely on standard setting, permit systems and inspection and enforcement, European countries have moved over the past decades towards a system of Integrated Pollution Prevention and Control (European Council Directive 96/61/EEC). This Directive embodies the principle of avoiding the transfer of a pollution problem from one environmental compartment to another. (e.g. by using scrubbers to reduce air emissions and producing a wastewater issue). The Directive describes pollution abatement as including treatment and pollution prevention measures, using Best Available Technologies (BAT). Technologies may only be described as BAT if they are economically efficient. Thus the Directive aims for measures that will assist industry, not just control it, providing a combination of improved economic and environmental efficiency.

The directive thus has two aims: to set out the requirements for authorities to ensure compliance with emission standards and reporting and information procedures; and the need to encourage the use of BAT.

A move in philosophy in the general direction of the European Directive would be likely to achieve real improvements in emissions in the shortest time.

Decision Support System

An important missing element of the analysis of pollution priorities at present is a holistic planning and management instrument for the entire Caspian Sea. A suitable mathematical model would allow the countries to assess the relative effects of individual pollution sources, including rivers, and to assess the efficiency of various pollution control and abatement actions.

Institutional Reform

The issues faced by the environmental agencies are issues that are faced by government in general in the NIS:

· Need for a clear separation of the roles of the state and enterprises;

· Need for an institutional framework for decision-making and policy development;

· Need for a clear structure and well defined responsibilities of the environmental management agency; 

· Need for a plan for management of change; and

· Need for a holistic pollution emission control approach.

A report prepared for DFID under the Azerbaijan Urgent Environmental Investment Programme recognises that recent and planned changes in environmental legislation are moving in the right direction, and has recommended comprehensive institutional re-structuring of AzSCE along the following lines:

· Creation of a new Ministry of Environmental Protection (AzMEP);

· Two clearly separated Directorates within the AzMEP responsible for Policy Planning and Coordination, and Environmental Compliance;

· Review of regional office structures to more closely work within the Municipality and District (Rayon) structure of government;

· Move towards integrated management and control of pollution, which will provide a regulatory and permitting function as well as help industries to improve operating efficiency and move towards environmental sustainability; 

· Review the norms and standards employed;

· Integrate the monitoring functions currently carried out by AzSCH into the new AzMEP;

· Integrate the regulatory functions for fisheries, geology and minerals and forestry into the new AzMEP; and

· Ensure adequate dissemination of information and consultation throughout the planning processes.

It cannot be expected that all countries will adopt identical structures for their environmental policy and management departments, but the principles embodied in the proposals for Azerbaijan would ensure a clear and workable institutional basis for improved control and reduction of pollution.

In addition to general institutional re-structuring, there are several aspects of the arrangements for pollution control that the NIS countries should consider to improve their performance:

· Apply resources in relation to the extent of the inspection and testing required in each division;

· Ensure that an adequate part of permit fees and fines is directed to the pollution control agencies to assure adequate funding;

· Improve laboratory facilities and techniques to provide an adequate service that matches the inspection and testing needs;

· Improve data management and information dissemination through computerising records;

· Provide training to operational staff in modern pollution control techniques such as environmental audits and new laboratory techniques.

Reference Laboratories

There is a need to improve the analytical capabilities of laboratories throughout the region and to harmonise the formats for information recording and exchange. There are 13 main Caspian laboratories engaged in ambient and compliance monitoring (Azerbaijan 4 (Baku and Sumgait), I.R. Iran 3, Kazakhstan 2, Russia 3, Turkmenistan 1). Most of the laboratories have not received new equipment for many years. Some lack chemicals, auxiliaries, and a stable supply of water and power. The chemical analytical methods used are in general from the Soviet era (in the NIS) and need to be evaluated and probably changed to serve the present environmental management needs.

To obtain comparable chemical data of adequate quality, laboratory collaboration should be enforced and in an ideal case have the following structure :

· local laboratories should be responsible for basic analytical parameters of discharges/emissions

· national reference and expert laboratories should be responsible for advanced analytical parameters and for supervision and advice on analytical methods and quality control

· a collaborative reference laboratory structure should be responsible for selecting analytical methods, designing quality control programs, developing mutual data reporting formats and performing proficiency test schemes  

The development of a regional laboratory structure would be the basis for harmonisation of the compliance monitoring programme in a phased approach. The regional reference laboratories would target regional activities, helping the countries to prioritise their national monitoring needs. 

The following steps are required to devise and promote a reference laboratory system:

· identification of the analytical parameters and sampling methodologies needed for environmental monitoring in the region;

· compilation of information on the laboratory structure needed in the planned environmental monitoring programs;

· evaluation of the identified main environmental laboratories with respect to available analytical skills and equipment, analytical quality control procedures and data handling;

· preparation of a laboratory structure outline in co-operation with the main laboratories and authorities;

· preparation of an overall laboratory upgrading scheme, including instrumentation and staff training;

· preparation of a laboratory structure proposal including capacity building, training, instrumentation, data handling and reporting, institutional set up of reference laboratory structure, expert laboratories and local laboratories, schedule and fund raising plan 

Industry

There are many and varied industries that directly pollute the Caspian through discharges of water-borne effluents. Polluting industries identified to date include:

· Ship building and repair

· Refineries

· Power plants

· Chemical industries

· Food processing industries

The prioritisation of pollution problems and identification of abatement plans can only be developed through a series of investigations/planning activities:

· More thorough measurements of effluent loads including measurement of actual flow;

· Individual industrial audits;

· Regional and sub-regional master plans that consider how best to deal with effluents from a range of industries;

· Economic regeneration planning.

The CEP does not have the mandate or resources to carry out the required studies and planning exercises, which in any case are the responsibilities of national governments. The CEP should ensure that the approaches taken to the issue in the coastal zones of each country deliver compatible information to allow the effects on the overall Caspian environment to be reliably assessed. The CEP can also act as a coordinating body and a source of information on the relative importance of individual issues and suitable approaches to tackle them.

Municipal Treatment

For a planned improvement of municipal discharges to the sea, the Caspian countries should agree on a minimum level of treatment of municipal discharges and a timetable to achieve the agreed standards, or at least a prioritisation of the required improvements.

The following set of priorities is recommended:

Phase 1: Sea outfalls should be constructed at all existing treatment plants that are suitable for upgrading, or should be included in the planning for construction of new treatment plants. The collected wastewater may be discharged untreated or, if a treatment plant exists, after treatment according to the capabilities of the existing plant. Sea outfalls may not be most suitable to the northern regions because of the shallow water in the northern basin. In such cases the discharge point should be chosen to obtain maximum dilution. Most likely this will be in the middle of strong river currents.

Phase 2: The collection systems in major cities should be extended and upgraded to ensure that all discharges are routed to the treatment plant or properly located long outfall.. 

Phase 3: Treatment plants should be constructed (or renovated and upgraded) for mechanical and biological treatment (BOD-removal only). The new treatment plants and the renovated/upgraded plants should be suitable for further upgrading to nutrient removal technology. 

Phase 4: If environmental studies show that nutrients discharged by municipal wastewater outfalls have an important effect on the local or overall environmental conditions in the Caspian Sea, the treatment plant should be further upgraded for nutrient removal. This could be a differentiated upgrading, in the sense that plants located at the northern coastlines, where the water is shallow and the salinity is low, should have both nitrogen and phosphorous removal, whereas the southern plants need only have nitrogen removal.

Oil Sources

Onshore Production 

There are several small-scale initiatives planned or already underway for the rehabilitation of oil-polluted land in Azerbaijan and Kazakhstan, including at least one private venture to recover oil products and at least one case where an international oil exploration contractor must rehabilitate adjoining land as a condition of the exploration license. The Azerbaijan Urgent Environmental Investment Project includes a demonstration project for rehabilitation of oil-polluted lands that is expected to provide the impetus for GoAz to design and implement a wide-ranging programme for rehabilitation of polluted lands. 

Although oil-polluted land is an unsightly problem and takes land out of use, it is not the greatest priority for the Caspian Sea. Of greater priority is the need to avoid discharge of production water and other pollutants from on-shore wells directly to the sea. It is estimated that the Bibi-Heybat field in Baku discharges 1,200 to 6,000 tons of oil to the sea annually. The solution to this problem will vary from field to field. At Bibi-Heybat, the economic viability of the whole field is questionable, and the optimum solution will probably include considerable decommissioning, some separation or other treatment, and a programme to re-locate or re-train the large staff of production workers. At other fields the solution may be similar, but may also include construction of common collector systems to bring treatment to a few sites.

Submerged Wells

Leakage from submerged wells is probably not a major contributor to open water contamination. Treatment would undoubtedly be expensive, and will be of a lower order of priority. However, many coastal oil wells that are currently partially flooded, or are at sufficiently low altitude that they may be flooded by a further rise of 1 or 2 metres in sea level, should be identified and registered now. Such wells should be made safe while it is still reasonably easy to do so. Several hundreds of wells are flooded in the coastal areas of Azerbaijan, Kazakhstan and Turkmenistan and some have not been properly decommissioned. Thus, they constitute a serious risk of oil leaks to the sea.

Off shore industry

The older oil production units offshore have been developed and still operate with a doctrine that places a low level of importance on health, safety and the environment. Changing the operating practises should start with re-orienting and strengthening the departments in the national oil companies responsible for these aspects of production. Only after considerable capacity building to introduce a more environment and safety-conscious mentality throughout the industry, should individual rehabilitation and de-commissioning programmes be designed.

In Azerbaijan, some of the most productive fields are already receiving assistance from the international oil industry to improve their environmental and economic efficiency, through joint production and development agreements.

Ballast Water from Tankers

A programme to construct the necessary reception facilities for ballast water and other oily waste products from shipping activities, according to the MARPOL Convention, can be funded with some assistance from a usage fee system, provided that the necessary safeguards are in place to ensure that all tanker traffic uses the facilities. Planning of the facilities must be carried out in conjunction with oil transport companies, and their planned tanker traffic.

Radio-nuclides

Treatment of the major sources of radiation pollution at Aktau must be designed in coordination with planning for further development/decommissioning and safety of the installations. Should the works be decommissioned without treating the Koshkarada Lake, then plans must be developed to make the lake safe and ensure that it is not a source of pollution to the sea, the groundwater or, through wind-blown dust, the local population.

Insufficient is currently know about other potential radiation pollution sources, including the iodine factories in Turkmenistan, uranium mines in Kalmikia, the results of nuclear tests, and radio-active oil exploration equipment and cuttings. A study is needed to identify the extent of the environmental problems. 

River-borne Pollution

Each river basin contributing to the Caspian should be considered as a whole, because the river itself reduces concentrations of some pollutants through oxidation and by precipitation in the bed sediments, especially in reservoirs. Thus, each river basin requires a basin management plan to determine the most efficient way to improve water quality in all places where it is used or is an amenity, as well as at its final discharge to the sea.

Where river basins are situated in more than one country (e.g. Kura), an assessment of water quality and pollution load passing international boundaries should be an integral part of the basin planning. A study is soon to start on monitoring trans-boundary pollution on the Kura River. Environmental surveys must also be carried out to identify priorities for pollutant reduction. Water quality monitoring stations, including automatic flow monitoring, for compliance monitoring and emergency response should normally be included in basin plans.

Eutrophication

Investigations are required to assess eutrophication risk in the high-risk zones already identified. The investigations should form part of the overall ”State of the Sea” assessment to be carried out by the Caspian Centre for Pollution Monitoring. The results of the investigations will assist in the identification of municipal wastewater treatment priorities and priorities for river basin management plans.

Hot  Spots

Hot spots have been identified where improved pollution control measures would improve environmental conditions significantly. The hot spot areas generally also require some clean-up to reduce their major impact on the Caspian Sea. Areas where urgent action has been identified are:

· Apsheron Peninsular, Azerbaijan (including Sumgait City)

· Aktau, Kazakhstan

· Cheleken, Turkmenistan

It has not been possible to identify the hot areas in Russia because the requested information is not yet available. A detailed study should be initiated in the coastal areas of the I.R. Iran as only preliminary information is so far available.

In order to proceed in a sustainable and cost efficient manner, it is recommended to prepare cost estimates and phased programmes should be prepared – suitable for implementation.

Apsheron Peninsular. 

A common domestic and industrial wastewater plan for Baku, Sumgait and the on-shore oil production units located on Apsheron Peninsular should be developed and implemented. Several studies describe options for the development of a wastewater collection and treatment system. A mechanism for return of the investments will be required for both domestic and industrial dischargers. Establishment of appropriate sewerage and treatment facilities would on the long-term support industrial development by providing industry with more cost efficient treatment options, but improved planning of the industrial zone will also be required to ensure more efficient wastewater collection and treatment.

Aktau and Atyrau

Several problem areas have been identified in the Aktau region related to radioactive pollution. A number of investigations have been undertaken and the problems are reasonably well described but not prioritised in accordance to technically feasible solutions, economic and environmental criteria. A number of immediate mitigating measures should be taken to reduce long term impact on the population and the environment. The master plan should cover the following areas:

· Lake Koshkarada

· radioactive waste from Mangistau Atomic Energy Combine

· Aktal Ltd phosphate plant

· radioactive and oily waste (both Atyrau and Aktau)

· remidiation of polluted areas (both Atyrau and Aktau)

· assessment of environmental impact from nuclear test sites

· the drinking water of the city Aktau

Cheleken

An environmental master plan is required for rehabilitation and reduction of environmental impact for the whole Cheleken area. The master plan should as a minimum include the following

· making safe areas with radioactive pollution

· improvement of pollution control of the iodine factory and assessment of the economic viability of the plant

· improvement of pollution control of the technical carbon factory, and assessment of the economic viability of the plant

· establishment of municipal sewerage collection system and treatment for Cheleken area

· establishment of reception facilities for ballast water

· improvement of pollution control in the oil fields located in the city.

6.3 Predicting Sea Level Change

Work carried out at the CCWLF has established reasonably well the relationships between climate and sea level. However, aspects of the investigation that are not yet fully complete are:

· Identification of the detailed requirements of littoral countries to re-establish the hydrometric network.

· Full identification of the reasons for anomalies in the balances related to measurement of winter flows in the Volga, and the storage effects of the reach from Volgagrad to the delta;

· Identification of the reasons for anomalies in some meteorological observations, especially wind run;

· Identification of the most appropriate climatic models to describe the effects of global climate change on the Volga catchment;

· Analysis of GCM climate change outputs of global features which influence precipitation and climate over the Volga basin and the Caspian Sea;

· Completion of the calibration and dissemination of the Grid-based hydrometric model of the Caspian catchment;

· Linking (not necessarily directly) of climate models, the Grid-based run-off model and the water balance model to create a common prediction system for the Caspian water levels;

· Full investigation of flood prevention and preparation planning (only Kazakhstan coast investigated);

· Completion of the linkages necessary in the meteorological service to speed the prediction of storm surges.

Evaluate Climatic Models

The reasons for the changes in Caspian sea level have been extensively investigated, but most researchers have considered only one or a few of the factors affecting sea level. In practise, the major influences are river inflow and sea evaporation, both of which have been considerably affected over the past decades by world changes in climate.

Internationally, there is still a long way to go before climate models accurately depict the effects that have been observed of precipitation changes in northern Russia and the SAHEL region of Africa. Nonetheless, the performance of models is improving each year, and it may soon be possible to use them to predict the likely future trends in rainfall, sunshine, and other parameters.

The series of models under preparation by the CCWLF would use climate change as the initial driving force and process the resulting information to predict various scenarios for future changes in sea level, as follows:

· Climate models (not necessarily only one selected) provide input to 

· Grid-based catchment model, which provides input to:

· Water balance model.

Work has been started on the project to link world climatic indicators to weather patterns over the catchment. Further work should be undertaken to investigate latest GCM outputs which are known to be correlated with precipitation over the River Volga basin to attempt to obtain qualitative predictions of future movements of Caspian Sea levels. Outputs from selected GCM’s should also be used as inputs to the Grid Based Model and Sea Balance Models already developed to investigate quantitatively future Sea levels.

Grid Cell Model

The Grid-based run-off model that has already been introduced to the region and partially calibrated must be further developed, fully calibrated, and properly installed in each littoral country. Training already provided to Russian, Kazakhstan and Azerbaijan experts should be extended to Iranian and Turkmenistan experts. The model will be used to evaluate the potential effects of catchment development as well as natural changes in climate.

Further activities include:

· Provision of additional calibration data,

· Identification of scenarios of potential catchment development and management (reservoir operation, power station operation, and changes in irrigation and drainage and industrial development that will affect catchment response),

· Calibration of the model,

· Examination of the results of the various scenarios as predicted by the model, and 

· Preparation of a system of information exchange and consultation.

Models as Regional Tools 

The set of models (climate model(s), grid-based run-off model, and water balance model) should be made available for use by scientists from all 5 littoral countries to carry out investigations to suit local requirements. Arrangements should be established for regularly interchanging basic input data to enable the models to be run and the interpretations of model outputs. These arrangements may take the form of web-based information systems, direct interchanges via the HYCOS system, and an annual meeting of experts to provide a consensus prognosis.

Data Acquisition and Institutional Strengthening 

The re-establishment of the hydrometric network surrounding the Caspian and in its catchment is an essential precursor to improved monitoring and prediction of changes in sea level. The reinstated system may well be somewhat different from previous systems, particularly in providing more immediate and accurate results, providing information directly to remote sites, such as world meteorological data centres, and providing information from fewer, but carefully selected sites. 

Important steps in planning network improvements will be:

· Establishing improved methods of measuring flows at the Volgograd barrage, and the effects that winter ice may have on the results;

· Examining the water balances between Volgograd and Astrakhan, and the storage effects of the river reach and its flood plains and channels;

· Investigating the reasons for anomalies in the wind-run record of the meteorological station at Mahachkala, and the likely correction factors for the recent record;

· Establishing the status in each country of sea level monitoring stations and coastal hydrometric stations and the equipment requirements to reinstate them;

· Preparation of country hydrometry reports and preparation of an overall recommended plan for an improved and modernised hydrometric service; and

· Development of the detailed requirements for a Caspian HYCOS system, including remote data acquisition, dedicated hydrometerological databases, and exchange of information through satellite links, obtaining funding for the system and implementing it.

Data Exchange 

Existing spreadsheet databases should be further developed into relational databases with wide capacity for analysis and reporting to improve the flow and visibility of information as follows:

· Addition to the data sets with information required to operate the models;

· Application of quality control techniques to the data set, especially through the ability to graph and compare data;

· Preparation of a comprehensive Caspian sea and catchment relational database, possibly with a GIS interface;

· Development of a meta-data library;

· Preparation of a homogenous data set for the Caspian; and

· Extension of the catalogues of experts and scientific papers.

The design of the database should be discussed with regional hydrometric and oceanographic institutions, and the results be made available to these organisations. The planned HYCOS system may well be the vehicle for data exchange and dissemination, as well as the Caspian home page system.

The method of data sharing should be devised by the CCWLF in collaboration with the CCDIM, the telecommunications study of the Ecotoxicology study and the WMO HYCOS team.

Understanding Fluctuations 

Currently, flood planning and preparedness is divided between state organs and private initiatives, with the minimum of coordination and virtually no international cooperation. Flood prevention schemes are dominated by the ability to pay, with oil-industry installations heavily protected and housing and farmland poorly protected. A study has already been carried out of the situation in the Kazakhstan coastal zone. Similar studies should be carried out in the other littoral states, and a synthesis report prepared. The studies should concentrate on identifying likely anomalies in economic effectiveness of flood planning and on potential cross-border effects of planned embankments.

Undoubtedly, zoning and flood warning systems will be the most appropriate actions to reduce flood impacts, at the same time, a service that provides advice to private industry can be centralised and would provide a potential source of income for the CCWLF. 

Discussions should be held with local administrations and major industries to define their needs. A planning advisory service should be established and a flood warning system provided to warn of impending surges.

The existing surge modelling systems within the CCWLF’s host institute have recently been improved and extended. These systems should be further improved by reducing the time required to input synoptic forecasts and produce the resulting forecasts of sea level and flooded zones. 

6.4 Combating Desertification

Training in Socio-Economic Impact Assessment

A failure of the Soviet Union was that socio-economic issues received less attention than research or production matters. Thus, the situation in the desert areas and the effects of land degradation on rural populations is poorly understood and receives little attention from government. Training is required to provide experts in the region with the ability to make social assessments, including:

· Population density and structure;

· Migration patterns;

· Employment situation; 

· Family budgets; and

· Public health aspects such as water pollution and food contamination.

Surveys are required to assess how the changes in landscape are affecting life for the rural community, for instance by reduction of grazing opportunity or reduction in standard of environment because of dust storms.

Groundwater Surveys

Access to safe, clean drinking water is the major concern of desert dwellers near the Caspian. Water sources are generally in shallow groundwater and thin lenses, lying above more saline bodies. Even where surface supplies are provided by pipeline by municipal authorities, its quality and quantity are generally inadequate. The most severely affected districts in the Caspian coastal zone should be identified and water quality and quantity issues evaluated, including: 

· Quality of well water;

· Limits to abstraction from existing wells,

· Quality and availability of municipal supplies in the district.

Improved GIS Capability

Training that has already been provided to a group of experts from each country in use of remote sensing and other materials to produce accurate thematic maps in the GIS should be supplemented to produce more detailed results through

· Obtaining higher resolution remote sensing images;

· Installing basic GIS work stations in each country;

· Improving the CCCD capabilities with additional equipment (digitizer and plotter);

· Providing additional training to the local experts; and

· Devising and implementing improved presentation techniques.

Legislation Analysis

An analysis of legislation relating to planning in the coastal zone and protection of landscape should be carried out to identify the outstanding needs for further national legislation and international cooperation. 

Desertification Hot-spots

Several hot spots of increasing desertification have been mapped. These hot-spot zones should be examined in greater detail and larger scale to identify the degrees, types and causes of the desertification processes. In keeping with the need for more detailed mapping, a unified methodology for land classification should be further developed.

Guidelines for Desertification Control

Measures for controlling desert phenomena, such as stabilisation of moving sands, aforestation, improving pasture management are well known at the National Institute for Desert Flora and Fauna, host to the CCCD. The CCCD should prepare appropriate guidelines in accordance with the United Nations Convention on Combating Desertification (Bonn) for the local authorities to use in planning their assistance strategies.

Once appropriate material has been prepared for the basic methodologies, this should be further developed into regional planning guidelines, suitable for use by the Provincial and District authorities. Proposals should be prepared for strengthening district authorities’ outreach ability through support and training programmes. 

Public Awareness Materials

Several sets of messages are required to assist in managing the fragile coastal landscapes and improving living conditions in desert zones:

· Evaluation of the risks of increased desertification and the areas most at risk;

· Guidelines on control of desertification processes;

· Recommendations to local authorities on regional planning methods in fragile landscapes;

· Advice on methods of protecting groundwater supplies;

· Assessment of the most acute risks of further landscape degradation.

The target groups for these messages vary from the upper levels of government to the general population. The messages should be disseminated using:

· the GIS system and the PCU web server to publish desertification mapping;

· a series of pamphlets to be made available to local authorities, libraries and the press;

· contact with the press to publicise important events such as workshops

· cooperation with NGOs in the littoral zone.

7. Qualification of the Analysis

7.1 General

This preliminary analysis has been produced part way through the process to develop the full Caspian TDA. Mainly because of the late start-up of the GEF projects and partly because of late delivery of information to the Tacis-supported CRTCs, the analysis at this stage is only partial. Aspects of the analysis that are missing or poorly developed are:

· Threats to biodiversity and actions to protect biodiversity;

· Planning to improve the coordination of preparations to respond to emergencies, particularly spills at sea of oil;

· Human health and human development issues;

· The analysis of the state of the sea’s environment (pollution);

· Thorough analysis of the legal and regulatory regimes;

· Integrated planning aspects of coastal zone development; and

· The comprehensive cross-sector analysis of the transboundary effects of all environmental factors.

7.2 Bioresources

The analysis has been based on official catch figures and estimates of unofficial catch. However, unofficial catch is currently very large and thus important to the analysis. At the same time, it is difficult to estimate unofficial catch.

For many years the scientific expeditions to evaluate fish stocks, food base etc. have suffered from inadequate funding. Thus, much of the essential information needed to assess the bioresources is out-dated and not useful.

It is difficult to firmly establish the viability of such schemes as artificial breeding and release and improvements to natural spawning grounds because of the difficulty in tracing fish released from hatcheries or from river catches. Thus many of the hypotheses are not fully verified.

The long period to maturity of sturgeon means that cause and effect of fisheries management activities are distant in time. Thus, the results of over-fishing over several decades may only now be becoming evident.

7.3 Water Level Fluctuations

The physical phenomena causing the water level change have been reasonably thoroughly investigated as far as the scope of CCWLF studies has permitted. The additional work requirements have been clearly defined. The Grid Cell Model currently being introduced to the region will enable a consistent approach to be applied in all the Caspian Sea states so that each country will be utilising the same predictive level of the Sea. However, the predictive capability of global circulation models at their present state of development is still incapable of providing predictions of accurate regional rainfall and hence future levels. Other complementary methods are being investigated and they will continue. In addition, extensive calibration work is still required before the model can be applied and input data from some countries still needs to be supplied.

Studies to date have discovered a number of anomalies. For example the monthly sea balance indicates that the inflows in certain months are suspect. Also the rainfall records over the Volga catchment, used as basic input to the Grid Model, have been subjected to instrumental changes and wetness corrections, which throws some doubt on their consistency. 

Underlying all the work on water level fluctuations is the need for hydrometeorological data. Adequate coverage needs to be provided and the data needs to be reliable. Since the collapse of the USSR the monitoring system has declined to such an extent that it is now totally unable to supply information on which to base sound planning decisions. 

A thorough analysis of the economic and environmental cost-benefits of short and long-term sea level change and the options for predicting and managing the changes has not yet been undertaken. Thus, the most effective actions to be taken cannot yet be reliably determined. Moreover, there is still a measure of uncertainty as to where the relative responsibility for this work lies: in the Water level Fluctuation Centre in Kazakhstan or in the Coastal Management Centre in Iran.

7.4 Combating Desertification

A reliable understanding of the desertification status has been established at a small scale for the whole region. For a more detailed approach in order to recommend the central and regional governments in regional planning or technical measures aspects a more detailed investigation and assessment of desertification phenomena is necessary. Therefore there is an urgent need to analyse the desertification status in key areas “desertification hot spots”. Detailed analysis should include the use of higher resolution remote sensing images and field investigations.
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� Damage caused to the Coastal areas of Kazakhstan by Storm Surges: K Isentayev, CCWLF 1999
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