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1. INTRODUCTION
During the last decade one of the major present problems is the global warming related to anthropogenic factors. A significant raise of atmospheric carbonic gas (СO2) and other greenhouse gases concentrations that is the so-called "greenhouse effect" is caused by the industrial development related to a time-constant increase of coal, oil and gas burning. The consequence of the effect is a temperature rise of the Earth surface and the bottom atmospheric layers. In 80-90th years of the 20th century many results of scientific researches confirming possible global climate changes have caused raising anxiety of the world community.
According to available forecasts, during the nearest years climate change or climate warming by 3-4 degrees on the average towards the middle of the century in case of doubling carbonic gas concentration that will result precipitation changes in various zones following global ocean level raise will be observed. Climate change will impact significantly on human activities, especially on production of foodstuffs, agricultural, forest facilities and water resources. Under warming in arid regions increase of droughts, essential redistribution of water resources will be possible.
One of the first countries, Turkmenistan has taken part in the decision of the global climate change issue, having ratified the UN Framework Convention on climate change (UNFCCC) and the Kyoto Protocol (KP) to UNFCCC. Within a number of international projects on climate change the main national reports “The Initial National Communication on climate change”, Phases 1 and 2 were prepared, the institutional and technical capacity building of Turkmenistan for carrying out Greenhouse Gas (GHG) Inventories and project development under the Clean Development Mechanism (CDM) of the Kyoto Protocol was considerably increased.
The given report is a review of results of the abovementioned projects and other studies, which could help to find connections of the Caspian sea level fluctuations with observable and predicted climate changes, as well as to develop main orientations of policy measures on greenhouse gas emission reduction and adaptations to expected climate change near the Caspian sea basin.

 1.1 General information about Turkmenistan
Turkmenistan is located in the southwest of the Central Asia within the Turanski lowland, the most part of the country is occupied by the Kara Kum desert. In the west Turkmenistan is washed by the Caspian sea, which coastline is strongly intended (the Kara Bogas Gol, Turkmenbashi, Turkmen gulfs). In the south and southwest of the country along border with Iran there are the Kopet Dag mountains and the northern foothills Paropamisus - the Badkhyz and Karabil heights. In the southeast there is the spur of the Gissar mountain range - the Kugitangtau montain.
The territory of Turkmenistan is located in the heart of the Eurasian continent, which is faraway from mitigating ocean influence. The average temperature in January is - (4)оС, in July + (28-32)оС. The average annual precipitations are from 80 mm in the northeast to 300 mm in the foothills and 400 mm in the Kopet Dag mountains. The sharply continental climate of Turkmenistan is notable for dry, hot summers and frosty winters.
The latitudinal location of the territory of Turkmenistan, which is outside of tropical deserts, is rather vulnerable to climate change. However, the main distinctive feature of the climate in Turkmenistan is not only high temperatures, but moisture deficiencies.

 1.2 General information about the Turkmen Near-Caspian sea region
The Turkmen part of the Caspian sea basin is located within Balkan velayat (administrative-territorial subdivision), which is the largest velayat in the country area and its area is 139.28 thousd.km2. Balkan velayat occupies the western part of the country and covers the Caspian sea eastern coast, the Etrek river basin, the Kurendag mountain, the western part of the Kopet Dag mountains and the western part of the Kara Kum desert.
The climate of Balkan velayat is dry and continental. The breezes blowing from the Caspian sea mitigate the narrow seaside climate. Winter in the north is cold, and in the south - mild. In the north the January average temperature is 3оС, and in the south +4.8оС. The frost-free period in the south lasts about 9 months. In the north the July average temperature is +26оС. In Turkmenbashi the average annual temperature is +15.8оС, and in Serdar +17.1оС. In the north the average annual pecipitation is 100-200 mm, in the south up to 300 mm. Near the Etrek river basin there is the climate of dry subtropics.
The population in Balkan velayat was 569.1 thousand as per 01.01.2006 and increased by 15% as compared to 2002. The average annual population growth rate was 2.8%, the velayat share of the country population is 8.4%. The urban population of the velayat is 79.1% (for Turkmenistan - 47.3%).
In 2005 the industrial production share of Balkan velayat was 23.4%. The major industrial branch of the velayat is the fuel and energy complex, which share is 80% of the velayat industrial production. The Near-Caspian sea part of Balkan velayat is a monopolist of technical iodine, sodium sulfate, ferrous bromide, technical carbon production, industrial processing of sea foodstuffs. The sea fishery share is more 85% of the total country amount. In the Turkmen sea part there is the Kar-Bogaz-Gol gulf deeply tearing into the land, which is a unique source of chemical raw materials. 
The Near-Caspian sea zone importance is provided with development of the economy velayat based on sea and seacoast resources for a long time. Fishing, sea shipping, hydrocarbon raw material production at the coastal area and sea shelf, huge recreation resources define the Balkan velayat social and economic importance. In particular, development of the country oil and chemical industries has begun with development of fuel-energy and mineral-raw materials fields near the Caspian sea basin. The explored resources of gas are 4.8 trln.m3, oil - 3 bln.t. As a result, industrial centers such as Turkmenbashi, Balkanabat, Khazar, Ekerem, Garabogaz were built. A specific placing system of industrial and social infrastructure projects was established.
Sea shallow and coastal marsh lands are highly productive sites and important habitats of sea organisms, fishes, seals and birds. At the Turkmen part of the sea coast there is the unique Khazar natural reserve, where 2/3 of all birds, wintering at the Caspian sea, pass the winter.
Activities of oil refining, oil and gas production and electric power companies, as well as increase of motor transport pieces mainly contribute to GHG emission of Balkan velayat. 
2. THE CASPIAN SEA LEVEL FLUCTUATIONS
One of the Caspian sea distinctive phenomena is periodic level fluctuations. The level changes caused periodic flooding or underflooding of coastal areas. Sea level raises impact adversely on the social, economic and ecological state of the coastal area of the western Turkmenistan. Studies of the phenomena are very important, because scientists forecast the world ocean level increase during the nearest decades, which is related to the global climate warming and "greenhouse effect" strengthening.

 2.1 Possible reasons of sea level fluctuations
The problem of the Caspian sea long-term level fluctuations is considered as a difficult scientific issue. The following reasons could be referred to the major factors causing the sea level fluctuations:
· Climatic, connecting sea level fluctuations with humidity changes over the sea basin area;
· Hydro-geological or flow-migratory, causing the sea level fluctuations by a regime and amount of contributing river flows;
· Water withdrawals from the Kara Bogaz Gol gulf, which natural intensive water evaporation is used for mineral resources production;
· Tectonic, connecting sea level fluctuations with changes of the Caspian water-reservoir capacity;
· Groundwater  flows into the Caspian sea.

 2.2 Historical and forecasting sea level fluctuations
During the formation period of the Caspian sea its levels were not stable, decreasing or rising, that could consider as a natural phenomena of the geological history. Moreover, the more ancient sea transgressions and regressions, the more is their intense. During some epochs (3.5-4 million years) the sea flooded the western Turkmen lowland, the southwestern Kopet Dag, the lower Kara Kum, the Krasnovodsk peninsula, the northern Near-Caspian sea area, the Kura-Arak lowland. That period was the sea transgression preceded with a high sea regression, which level was 500 m below the current one. At that time the sea occupied only the southern Caspian sea basin. The area of the middle and northern Caspian sea basin was a dry land. The mouth of Volga and its inflows were at the latitude of the being cities Baku - Khazar.
Picture 1
Historical sea level fluctuations
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During the last regression stage of the Caspian sea, from 1810 to 1977, a large sea bottom area became free of water, especially since 1930 when water level decreases were occurring more intensive (3)m. Sea water moving away from lands reached 20-40m. In 60th years during a long-term period it was noted the sea level stabilization about -(28.4)m, which was replaced with a sharp sea level decrease in 1970 reached -(29.0)m in 1977. From 1978 the sea level has begun to raise and amounted to -(26.64)m in 1995. The level raise intensity for that period was about 14 sm/year on the average and 30 sm/year for some years. 
The sharp sea level rise threatened many settlements, industrial, cultural and municipal establishments. The most critical situation was noted in the summer 1995, when the sea has begun to flood settlements Essenguly and Chekichler. The town Khazar and its suburban settlement Garakol suffered strongly. The resort zone “Kheles” and the port-mooring Aladzha stopped their activities.
Table 1
The Caspian sea levels for 1996-2001
	Points
	Years

	
	1996
	1997
	1998
	1999
	2001

	Chekichler
	-
	-27.54
	-27.70
	-
	-27.81

	Khazar
	-
	-26.39
	-26.64
	-27.48
	-27.49

	Kenar
	-
	-27.33
	-27.41
	-26.96
	-27.14

	Garshi
	-26.82
	-
	-27.13
	-24.87
	-26.88

	Garabogas
	-26.52
	-
	-26.10
	-26.95
	-27.23


From 1996 the Caspian level sea decrease was noted (Table 1), which is related firstly to water withdrawals into the Kara-Bogas Gol gulf, secondly to a new sea level cycle, shifting the general level raising tendency. The shift is the natural phenomena during the historic geological development of the Caspian sea. Under the general tendency towards sea level decrease there were many sea level raise cycles, and under the general tendency to sea level increase - decrease cycles. Therefore, the current sea level decrease is an inevitable short cycle and according to current forecasts the Caspian sea level will rise in the nearest years.
It should be noted water withdrawals from the Kara-Bogaz-Gol gulf in 1978. To prevent the sea level decrease, the channel, connecting the sea and the gulf, was blocked with a blind dam. As a result, the gulf was completely dried up. Then the sea level began to raise from 1978. In 1984 a water-passing unit of 66 m3/s capacity was constructed and the water gulf area became 3-3.5km3. In 1992 the blind dam was opened, and the gulf got the current shape by 1996.
Data analysis of instrument observations for the period from 1837 to 1997, carried out under the Initial national communication on climate change of Turkmenistan, showed that during 20th century the Caspian sea levels changed significantly two times, the amplitude of the sea level fluctuations was 4m.
Picture 2
The Caspian sea level fluctuations for the instrument period (1) and their forecast (2) with the predicted depth 5 % (A) and 50 % (B)
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As indicated in the Picture 2 the forecast based on expert assessments with the predicted depth 50% developed under the Initial national communication on climate change correlates with the actual data for 2001 (see the Table 1).

 2.3 Possible climate change impact on sea level fluctuations
As stated above one of the main possible factors, influencing on current transgression regime of the Caspian sea, is climate changes near its basin, which is related to changes of water balance components: river flow and atmospheric precipitation.
Therefore, the sharp sea level decrease in 1934-1940 (by 1.45m) was caused by reduction of water balance components – contributing river flows, which average amount was 222.0 m3/year and intensive evaporation (evaporation minus precipitation) up to 726 mm/year. The sea moving away from lands amounted to 20-40km in few places. The most intensive sea level decrease occurred during the period 1931-1977, when sea level decreased by more 3m. This process changed morphology and dynamics of sea coasts. During the sea moving away from lands sea cliffs and shelves disappeared and were blocked with an accumulative terrace. Extensive shallow areas were drained, large gulfs disappeared (Esenguly, Mikhailovski, Uzyn-Ada), the island Dervish transformed into the Southern-Cheleken bar, and the Cheleken island incorporated with the mainland.  

Research of connections of water balance components with sea levels, carried out under the Initial national communication on climate change, showed that climate change in the Caspian sea basin influences significantly on the sea regimes for the historical past and being time. Therefore, the important problem is to discover space-time rules of thermal and water balance changes as a basis of surface, groundwater and atmospheric moisture formation, which are the main water sources of the Caspian sea.
To determine a role of climatic factors for water balance changes near the Caspian sea basin, a great importance has evaporation. As is known, the main elements, forming evaporation, are air temperature, atmospheric precipitation and wind speed.
Data analysis of various observation stations of Turkmenistan for the 30-year period 1961-1990 showed that the annual evaporation considerably exceeded precipitation amount, and evaporation amounts varies depending on physiographic conditions and placing of observation points. The most evaporation was observed at the Chagyl station (Balkan velayat), in the northwest part of the Karakum desert. The average long-term evaporation amount over Turkmenistan was 2930 mm, in some years 3300-3470 mm.



As a result of the data analysis of evaporation zones divided into types of annual evaporation trends, 4 evaporation zone were decided for Turkmenistan: deserted and foothill areas, oases and the Caspian sea coastal area. For all zones minimal evaporations were observed during the winter period and maximums were typical for the summer time.
As concluded, evaporation over the territory of Turkmenistan is many times more atmospheric precipitation amount. Evaporation from water surfaces in the central Kara Kum desert is 20 times more atmospheric precipitation on the average. Over the other territory of the country the average annual evaporation 5-10 times exceeds annual precipitations.
It is possible to assume that the sea level rise, started in 1978, was a result of important climatic regime changes. Since 1978 there were changes of the general atmospheric circulation with frequency growth of zonal circulation forms and frequency decrease of meridian ones. Especially, sharp climatic changes occurred since 1976, which became apparent, first of all, with cyclonic activity intensifications increased by 12% in comparison with the last decade (in August by 31%, in September by 38%). The Atlantic (by 48%) and West-European (by 31%) cyclones increased along with their water-content increase by 35% and 18% correspondingly. It resulted in atmospheric cloudiness and precipitation growth, river flow increase and evaporation decrease under global air temperature raise. Decreased water temperature of the sea surface and reduced speed wind influenced on the evaporation decrease. Development of the atmospheric processes causes positive water balances and sea level raise. 
3. POSSIBLE CLIMATE CHANGES


 3.1 Brief climatic characteristic of the Near-Caspian sea region
Few climatic zones cross the Caspian sea basin. The northern part is located within the continental temperate climatic zone, the western coast is within the temperate warm zone, the southwest and the south are within the subtropical wet zone, the east is within the deserted zone. Cold winters with frosts in northern sea part and with rather high positive air temperature in the south sea part, hot and dry summers with small air temperature fluctuations over the whole sea area are main climatic features of the Caspian sea basin.
Climate formation of the western Turkmenistan is influenced with the near-Caspian sea steppes and semi-deserts. The breezes blowing from the Caspian sea have a mitigating effect on the narrow seaside climate. In the winter northwestern winds and in the summer southeastern winds with the speed less 10 km/s are prevalent. The frequency of strong and gale-strength winds in the south does not exceed 1%, increasing to the north up to 5-10%.
The maximal monthly average temperature over the whole Turkmen sea coast is 27оС, while the minimal temperature in the north -0.9оС, and in the south -4оС. The absolute air temperature maximum -45оС was observed in Esenguly and Turkmenbashi, the minimum -18оС in the north and the south. Precipitation distribution is irregular and increases from the north towards the south. In Garabogas the average annual precipitation is 95mm, and in Esenguly - 196mm.
The Caspian sea influence on the temperature-moisture regime of the Turkmen Near-Caspian sea zone, considerably mitigating climatic parameters. Supplying the atmosphere with huge steam amounts, the Caspian sea influences importantly on reduction of desertification process.

 3.2 Observable climate change
Under the preparation of the Initial national communication on climate change, to study temperature regime and atmospheric precipitation over the territory of Turkmenistan, long-term data sequences of thirty meteorological stations located in different physiographic zones of the country were analyzed. The analysis was carried out by seasons and years. As per consideration of two 30-years periods (1931-1960 and 1961-1990) over Balkan velayat the following results were obtained.
In Balkan velayat winters became colder by 0.2-0.6°С, except for Ecenguly and Serdar where the air temperature increased by 0.4°С and 0.1°С accordingly. In the spring and in the summer the temperature raised by 0.3-0.9°С, except for Makhtumkuly during the summer time where the temperature decreased by 0.3°С. The autumn became colder by 0.3-0.8°С for all stations, while in Turkmenbashi the air temperature increased by 0.1°С;
Picture 3
Temperature regime of Balkan velayat for two 30-years periods
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The data analysis of precipitations for two 30-years periods stated, that in Balkan velayat a precipitation amount increased for all stations during the winter period, in the spring a decrease - only for the station Makhtumkuly and for the others – an increase were observed. During the summer time a decrease is for the stations Esenguly and Chagyl, an increase - for the others. In the autumn a yearly precipitation increase over the whole velayat is observed.
Picture 4
Atmospheric precipitation amounts of Balkan velayat for two 30-years periods
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Comparison of average annual air temperatures for 1961-1990 with the previous 30-years period showed that in the western part of Turkmenistan the last 30-years period was warmer by 0.3°С on the average.
The data analysis of frequency and continuance of days during the warm period (from May till September) for 1931-1997, when  there were temperatures more and equal to +40°С, was carried for the stations Serdar (Balkan velayat), Sekhetabat and Ashgabat. The results of the work confirmed that a number of days with temperature more and amount to +40°С for the warm period have being increased since 1983.
In addition to the work, the analysis of frequency of days, when there were daily precipitations more or equal to 10mm was conducted for the stations Ashgabat, Serdar and Makhtumkuly (Balkan velayat). By that data, connections of daily precipitation amounts with rises of mudflows were analyzed.
The conducted analysis showed that during periods, when daily precipitations were more 10mm, the strongest mudflow phenomena were noted in foothill areas of Turkmenistan.
The data analysis of average air temperatures over Turkmenistan for the period of 65 years stated that for the period 1931-1995 the tendency towards increase of average seasonal and annual air temperatures was observed.
Picture 5
Time and linear trend of average annual air temperatures over the territory of Turkmenistan for 1931-1995
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As stated in the Initial national communication on climate change, for the period 1931-1995 over the territory of Turkmenistan average precipitations were slightly yearly increased, among the four seasons the winter period was notable for increase.
Picture 6
Time trend of average annual precipitations over the territory of Turkmenistan for 1931-1995
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According to conclusions of the Initial national communication on climate change, air temperatures were raised by 0.1 - 0.2°С over the territory of Turkmenistan for all year seasons. Atmospheric precipitations were increased, among the seasons the winter period was notable for the highest precipitations.

 3.3 Expected climate change 
Under the Initial national communication specific climate change scenarios over the territory of Turkmenistan were decided by the IPCC methodology based on outputs of the following general atmosphere and ocean circulation models (GCM):
· GISS Model 

- the balanced model of the Goddard Institute of Space Studies, USA;

· CCC Model 

- the balanced model of the Canadian Climate Center;

· UK89 Model 

- the balanced model of the United Kingdom Meteorological Agency;

· GFDL Model 

- the balanced model of the Geophysical Fluid Dynamics Laboratory, University of Princeton, USA;

· GFDL-T Model 
- the unbalanced model of the Geophysical Fluid Dynamics Laboratory, University of Princeton, USA.

By the five models a number of numerical experiments assuming the current and doubling carbonic gas concentration level were conducted for 12 year months. Data on the actual climate for 1961-1990 were used for the models. To verify the current climate reproduction of the models outputs were compared with calculated results of climate modeling, assuming the carbonic concentration 1хСО2 or the current carbonic gas concentration (data on the actual climate). To study climate changes over the territory of Turkmenistan 17 stations evenly disseminated at the territory and covering diverse climatic regions were selected. 6 stations are located in Balkan velayat.
Under all scenarios understated amounts as compared with the current climate was specified. The best results of air temperatures were received under the UK89 model (the temperature is understated, but even during a year).
The most scenarios showed overestimated precipitation amounts in comparison with the current climate. Comparing results the GFDL model provided with the actual picture of precipitation distributions.
Results of all scenarios, which used to research main climatic parameters in Turkmenistan, helped to draw the following conclusions:
· A maximal warming is noted by the scenario under the CCC model. Under the scenario an average annual air temperature will increase by 6.1°С assuming CO2 doubling, and precipitations will decrease by 15%. According to output data of the model a maximal air temperature growth will be during the winter period, and a significant precipitation raise - during the spring period;
· A minimal warming is noted by the scenario of the GDFL model. Under the scenario an average annual temperature will increase by 4.2°С, an average annual precipitation will not changed (0.0%);
· The other scripts showed the average annual air temperature raise by 4.6 - 5.5°С and the precipitation amount decrease by 17 - 56%;
· Seasonal fluctuations of average air temperatures are the following: a maximal air temperature increase under the scenario of the ССС model is observed during the winter period, under the UK89 model - during the summer period, under the GISS model - during the autumn period, under the GFDL-T model - during the winter period, and under the  GFDL model - during the summer period.
Table 2
Average annual air temperature (T) and annual precipitations (R) changes over the territory of Turkmenistan
	GCM model
	(Т,°С
	(R,%

	              GISS
	4.6
	-56

	              GFDL
	4.2
	0.0

	              UK89
	5.5
	-17

	              CCC
	6.1
	-15

	              GFDL – T
	4.8
	-4.4


The analysis of actual climate reproduction errors by the GCM models concluded, that the UK89 model is the most acceptable for climate modeling (air temperature and precipitation modeling) of Turkmenistan. Using outputs of the model, the analysis of future climate changes by all velayats of the country was carried out.
For Balkan velayat the climate parameters were calculated for the stations Turkmenbashi, Chagyl, Balkanabat, Esenguly, Etrek and Serdar. The model showed the air temperature increase by 3.3-6.4оС during a year, the maximal increase is in the summer months and the minimal increase in January.
Picture 7
Temperature scenarios under the UK89 model assuming CO2 doubling
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Simulated precipitations decreases and increases for the velayat are uneven, but a maximal precipitation raise was calculated for May, and significant decrease - for November. It should be to note that for all velayats in the beginning of the spring (February, March, April) a precipitation decrease was predicted.
Picture 8
Precipitation scenarios under the UK89 model assuming CO2 doubling
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4. VULNERABILITY ASSESSMENT OF NATURAL RESOURCES AND THE ECONOMY TO POSSIBLE CLIMATE CHANGE
The most vulnerable ecological and socio-economic systems are those with the greatest sensitivity to climate change and the least ability to adapt. Vulnerability defines the extent to which climate change may damage or harm a system. According to conclusions of the Initial national communication on climate change, among natural resources of Turkmenistan the water resources are the most vulnerable, and the most vulnerable economy sector is agriculture.

 4.1 Flow of the major contributing rivers 
The main role in the Caspian sea water balance is played with the contributing rivers. More 130 large and small rivers flow into the Caspian. The average long-term total flow of the rivers amounts to about 300.0km3. The eastern coast of the Caspian sea has not any rivers reaching the sea. The most river water flows into the sea are in the spring and in the beginning of the summer, when there is spring flood flows.
There are two main factors influencing on a river flow: climate change near a river basins and anthropogenic impacts with irretrievable river water withdrawals.
The analysis of river flows for the periods 1934-1940, when the sharp sea level decrease up to (-28,7) m was observed and the flow was equal to 222.0 km3/year, and 1990-1995, when the sea level increased up to (-26,5) m and the flow was 303.0 km3/year, stated that the changes are 80.0 km3/year (27%). Therefore, change of climatic parameters near the river basins contributing the Caspian sea could cause the water balance or river flow changes by 25-30%.

 4.2 Water resources
The total amount of water resources of Turkmenistan used for economy needs consist of the surface flow of the Amu Darya, Murgab, Tedzhen, Etrek rivers, small water-streams of the northeastern Kopet Dag mountainside and very small amount of underground and collector-drainage waters. Only the Etrek river basin is located within the Caspian sea basin.



150 km of the Etrek river are the boundary with Iran. In the territory of Iran 15 water-streams flow into the river, in Turkmenistan - the Sumbar river with its Chandyr inflow. The average long-term annual river flow is 292.8 mln.m3, and the intensity of the river flow is 8.37 m3/s for the 35-years observed period.


· 
· 
· 
· 
· 



 4.3 Water-content of rivers
The main ecological threat to water resources of Turkmenistan is the tendency to their exhaustion and pollution caused by a complex of natural anthropogenic reasons, including decrease of precipitations.
Stable reduction of glaciations areas, which intensity could increase because of global climate warming, will cause changes of water-content surface flows. According to scientific forecasts the area of the Pamir-Alay glaciations, where the Amu Darya river originates, will be reduced on the average by 40% that could decrease water-contents of rivers. Water deficiency issues, which there are in Turkmenistan for the time being, could become more serious under further climate changes.
The analysis of climate change impacts on monthly average temperatures and calculated precipitations, conducted under the Initial national communication on climate change, determined a water-content change of the rivers in Turkmenistan. As the river Etrek has a transboundary status and its drainage basin is located outside of the territory of Turkmenistan, there are not data on actual precipitations over its basin where its flow is formed. It is complicated the assessment of its possible water-content changes. 
Picture 9
Average annual flow change of the Etrek river
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The analysis stated that the water-content of the Etrek river will decrease by 51%

 4.4 Biodiversity 
The Caspian sea has unique world reserves of sturgeon fishes, its water area is actively used for obtaining of sea biological resources. Sea shallow water is a nesting, wintering and stopping place for a huge number of water-fowls. The main part the Turkmenbashi gulf is located at the territory of the Khazar natural reserve established in 1932. Almost 90% of the total reserve area is occupied with water, 10% - lands. One of the main tasks of the reserve is to protect migrating birds, which winter there. Birds fly to the gulf, because it is shallow and its bottom is covered with natural vegetation - a source of feedstuff. 80% of all birds, inhabiting at the eastern sea coast, winter stay at the territory of the reserve for 5-6 months. The number of species of migrating birds is more 10 mln.; the birds permanently inhabiting the reserve are about 500,000. A lot of many species of birds and animals of the reserve are endemics and protected by law. 
Sea transgressions could cause a serious damage to the Caspian sea flora and fauna. As a result of coastal area flooding, increase of mineral oil, pesticides and other toxic substances, influenced on fish caviars, young fishes, and feedstuff reduction, could be observed. Therefore, a number of sturgeons and other important fish species could be decreased.
Climate forming influences of the Caspian sea impacts significantly on the biodiversity of the Caspian sea basin. Abundant atmospheric precipitations accompanied with quick vegetation growth causes increase of fauna in number. And on the contrary, long droughts cause sharp decrease of all species, additionally due to anthropogenic impact related to overpasturing of animals, degradation of desert pastures is occurred. As a result of air moisture reduction, condensation moisture into sandy lands, being are the source of groundwater resources and moisture support of vegetation, is decreased.

 4.5 Efficiency of pastures and animal stock-raising
Pasturable territories of the western Turkmenistan have deserted features. The climate change impact assessment on vulnerability of pastures in Turkmenistan showed that pasture efficiency will decrease. 
Despite of sufficient vegetation adaptiveness to dry and hot conditions, one-two year within a 10-years period a strong drought, causing pasture efficiency decrease, is observed. The soil drought criterion is the soil moisture supply reduction up to 4 mm. Under the Initial national communication on climate change an assessment of annual precipitations, which is directly influenced on the soil moisture supply, and humidity deficiency in April were carried out.
The analysis of the parameters stated, that predicted precipitations during the autumn - spring period (September-May) as compared with actual ones will decrease for Balkan velayat - by 45 mm/year, humidity deficiency during vegetation period could increase for the velayat - by 7.8 mbar, and the April humidity deficiency - by 14.5 mbar. As concluded, according to the model UK 89 scenarios under climate changes the pasture efficiency could decrease by 10-15%. 
Additionally, assumed climate changes, especially daily average temperature raise and increased numbers of strong hot days, which will cause efficiency decrease of sheep-breeding, or in other words decrease of sheep meat and wool production, were defined. According to expert assessments, a number of lambs could decrease by 5-25%, amount of wool - by 10-20%.

 4.6 Economy

· 
· 
· 
· 
· 


The Caspian sea level raise and the flooding of a large coastal territory have already born significant economy and social losses. In 1995 the latter quick sea level rise threatened numerous settlements, industrial and cultural units.
The city Khazar and the suburban settlement Garakol suffered strongly, in the settlement 9.5 km of electricity transmission facilities and gas networks were flooded. The highway Garakol-Alaja was flooded. The peninsula Cheleken turned into island, where the most part of the territory occupied by the petroleum storage depot and communications was flooded; 3-4 sectors of the road Jebel-Khazar were washed away; under water there were 12 km of communication lines and 25 km of the water pipe Jebel-Khazar; the southern and southwestern parts of the territory adjoining to treatment plants started to destroy. Within flooding areas there were numerous industrial units, among them: the Khazar chemical plant, the mooring line of the Khazar seaport. There was a critical situation at the oil-fields Oval - Toval - Goturdepe, Eastern Cheleken. The sea came closely to the Goturdepe compressor station and the Goturdepe deposit.
The eastern and southeastern coasts of Uzynda gulf, where there was a part of the oil pipeline Goturdepe-Belek, were under waters of the Caspian sea over the distance 8-10 km. Also the oil pipeline Goturdepe-Belek, which was going through the Balkan saline soil, was flooded.
Due to the sea water encroachment the city Turkmenbashy suffered as well, where a number of cultural and household units was flooded and destroyed. Under threat there were the production associations “Guvylduz” and “Garabogazsulfat”. In Garabogaz the Caspian sea destroyed a number of economic - industrial and cultural - household units and came closely to treatment plants.
Fortunately, since 1996 the sea has significantly moved back, however by the occurring negative consequences of the Caspian sea level raise the areas and industrial – household units are to be considered as vulnerable ones to the following sea level rise. A number of the units were transferred from the dangerous areas, thus a part of the highway Jebel-Khazar and the pipeline Goturdepe-Belek were moved. Short-term results allow concluding, that at coasts subjected to flooding, Khazar, Garakol, Ekerem, Garabogas, Esenguly, Chekichler are located, where industrial - economic and oil-and-gas units are placed.
To identify precise vulnerable land areas, a detailed analysis of sea level raise, coastal destruction intensity and development of abrasion-accumulative processes is needed. Preliminary results of researches and observations should help to solve the issue of rational placement and building of littoral and coastal units in the near future.
The further Caspian sea level raise will influence adversely not only on industries and infrastructures, but on development of unique bioclimatic lands. The western Turkmenistan is a large area of the "dry" land subtropics, which development could contribute importantly to development of agribusiness industry in the country. For the long term the region could produce rich harvests of subtropical cultures such as olives, figs, pomegranates, grapes, etc. However, the invading sea will exert adversely influence upon not only agrarian land developing, but microclimate change.

5. ADAPTATION TO POSSIBLE CLIMATE CHANGE
To improve ecological and sanitary-and-epidemiologic conditions in the Caspian sea region, and to keep favorable conditions of work, life and way of life of the population living in the Near-Caspian sea region, the President of Turkmenistan has accepted a number of decisions, in particular “About measures on improvement of vital ecological conditions in the Caspian sea basin” (1991), “About improvement of water supply of human settlements located in Balkan and Lebap velayats” (1995).

 5.1 Measures on greenhouse gas emission reduction
The problem of atmospheric air protection, alongside with other complexes programs on environment protection, is one of the main national ecological policy orientations of the Government of Turkmenistan.
In the complex there are large investment projects, which realization will result in significant GHG reduction. Among the projects, modernization and reconstruction of oil-and-gas complex companies and thermal power plants; organization of new environmentally sound production outputs; planting of greenery in cities and villages should be noted.
As stated in the Initial national communication (Phase 1), the main efforts to reduce GHG emission in Turkmenistan will be aimed at GHG emission reduction from energy activities. For heat and electricity production the following measures were specified: 
· Efficiency increase of fuel consumption at thermal power plants;
· Increase of renewable energy sources in the country energy balance.
For heat and electricity consumption the following priority measures were specified:
 
Efficiency increase of energy consumption in the municipal economy and industries; heating system improvement;
 
Carrying out of measures on energy savings in the municipal economy and industries.
Under the continuation of the First national communication on climate change (Phase 2) average and long term measures, as well as a package of 30 pilot projects aimed at greenhouse gas emission reduction, were developed for priority economy sectors related to energy activities.
Table 3
Main orientations for project developments in priority economy sectors of Turkmenistan
	Sectors
	Measures

	Oil and gas extraction and transportation
	- oil-well utilization under oil extraction

	
	- introduction of less energy consuming technologies to oil and gas extraction

	
	- switch to less energy consuming technologies of natural gas treating and transportation

	Oil refining and oil products storing
	- introduction of new technologies to oil refineries

	
	- reduction of oil products losses under oil refining and oil products storing

	Electricity production
	- reequipment of current technological units with modern high-effective gas-turbine units

	
	- modernization of current energy-generating units with addition of combined-cycle units

	Industry
	- modernization and reconstruction of current production units

	
	- introduction of less energy-consuming production (to the chemical and  construction materials production industries

	Transport
	- introduction of modern vehicles

	
	- transport electrification


A number of pilot projects were prepared for Balkan velayat, among which: oil-well gas utilization of oil-fields in the western Turkmenistan; reconstruction of sea pipelines for prevention of hydrocarbons leakages and emissions; application of effective methods of technical carbon particles precipitation at the Khazar chemicals plant; reconstruction of the Turkmenbashi thermal power plant.
It should be noted, that under the EU-Tacis project on climate change, the CDM project base line and CDM project idea note for reconstruction of Turkmenbashi thermal power plant, as well as the CDM project idea note and CDM Project design-document for use of wind energy in the western Turkmenistan were prepared. Within the framework of the project, the detailed GHG Inventory of all thermal power plants of Turkmenistan, two of them (Balkanabat and Turkmenbashi thermal power plants) are located in Balkan velayat, was carried out as well.

 5.3 Adaptive measures to reduce the adverse effect of climate change
To solve social-economic and ecological problems related to climate change in the Caspian sea basin and, as a consequence, sea level fluctuations, timely relevant preparations for arising situations should be done. A part of measures are long-term and could require significant physical and financial resources. Nevertheless, to except critical situations, which could arise during brief time periods, preliminary taking measures based on deep scientific analysis of possible climate change scenarios are needed. 
Variant 1: sea level raise up to (-24) m for the next 30 years
Measures related to the Caspian sea level raise should be aimed at: 
· Prevention of pollutants washed-away from places, getting in an inundated area, into the sea (“to protect the Caspian sea”);
· Protection of the most important coastal social and economy establishments (“to defend against the Caspian sea”).
To solve issues related to the Caspian sea transgression, realization of the following timed and long-term measures could be recommended:
· Technical-economic and environmental analysis of sea water withdrawals to drainless hollows of the eastern sea coast to decrease the Caspian sea level raise intensity. Partially, the idea was realized in Turkmenistan in 1992, when the blind dam at the Kar-Bogaz-Gol gulf was liquidated and the Caspian sea water streamed freely into the gulf - more80m3/year;
· Planning construction of new industrial and social-cultural establishments at the levels above (-22) m;
· Development of action plans of population migration and employment in a potential inundated area; 
· Development of action plans of technological measures on conservation and preparation of industrial establishments for operation in extreme conditions;
· Preparation for application of mixed (land and sea) drilling practices using trestle platforms, framed passages, floating cranes etc;
· Development of measures on moving away from the sea/conservation of industrial and domestic waste disposals for pollution prevention of inundated area.
Variant 2: sea level decrease up to (30) m for the next 30 years
The sea level regression will entail complicated issues caused by coastline moving away from the sea port facilities and other communications related to sea shipping. To solve issues concerning the Caspian sea level decrease, the following timed and long-term measures are recommended:
· Preparation of sea port facilities (piers, thoroughfares and other communications) for moving away from the coastline;
· Preparation of sea harborages for thoroughfares of ships to piers;
· Preparation oil-rigs located at the sea shelf for operation at the sea level regression;
· Preparation of water-intake mains for seawater pipeline transportation into boreholes. 
6. GENERAL SUMMARY AND CONCLUSIONS
As noted, among the various factors causing the sea level fluctuations, there are climatic changes. According to the IPCC assessments, for the last century the average global sea level has raised by 10-20 sm. The increase rate was 1-2 mm/year, which is 10 times more than the rates observed during the 3000 last years. According to the IPCC forecasts, by 2100 the average sea level will be raised by 9-88 sm that will be caused by fresh water inflow from thawing of glaciers and ice covers. Therefore, as a result of the global climate warming the Caspian sea will receive an additional flow. The current Caspian sea level is closely connected to change of water balance components, therefore presently under forecasting of water regime changes the global climatic changes are needed to be considered.
Within the framework of the Initial national communication on climate change, the study of connections of main climatic changes near the Caspian sea with the Caspian sea level fluctuations were begun, which is needed to be continued. Also it is essential to solve the problem of sea level forecasting based on modern models, first of all short-term forecasts related to climate change. Such forecasting could help to specify existing development plans of the Near-Caspian zone, as well as to develop action plans to mitigate adverse impact of climate change.
To stabilize atmospheric GHG concentration considerable efforts are needed. As indicated, the First national communication (Phase 1 and 2) defined main orientations to reduce GHG emissions from branches related to energy activities. Currently in the country a number of investment projects, which will reduce GHG emissions from energy activities, is being carried out. Among them the introduction of new gas-turbine units at the Bakanabat thermal-power plant and the reconstruction of Turkmenbashi complex of oil refineries (Balkan velayat) are being conducted in Balkan velayat.
To reduce further GHG emission from enterprises of Balkan velayat, there is a need to prepare first of all GHG inventory for the velayat, to define potential projects, which could be implemented with CDM under the Kyoto Protocol, as well as to develop the strategy of GHG reduction. 
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ANNEX 1: ABBRIVATIONS, ACRONYMS AND TERMS
ССС


Balanced model of the Canadian Climate Center
EU/TACIS

European Union/Tacis programme

IPCC
Intergovernmental Panel on Climate Change
GCM


General circulation model

GEF


Global Environment Facility
GHG


Greenhouse gases
GISS
Balanced model of the Goddard Institute of Space Studies, USA 
GFDL
Balanced model of the Geophysical Fluid Dynamics Laboratory, University of Princeton, USA;
GFDL–T

Unbalanced model of the Geophysical Fluid Dynamics Laboratory,

University of Princeton, USA.

KP
Kyoto Protocol to the UN Framework convention on climate change
UK89
Balanced model of the United Kingdom Meteorological Agency
UNEP
United Nations Environment Programme

UNFCCC
United Nations Framework Convention on Climate Change
Chemical notations
СО2

Carbon dioxide
Measure units
(С

centigrade degree
bln.

billion
ha

hectare
km

kilometer
km2

square kilometer
km3

cubic kilometer
m

meter
mbar

millibar
mln.

million
mm

millimeter
m3

cubic meter
s

second
t

ton
trln.

trillion
