VULNERABILITY EVALUATION OF THE CASPIAN SEA BASIN

 TO THE CLIMAT CHANGE
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Introduction 

Hydrologic regimen of the big basins, particularly of the inlands basins is the integral characteristics of the vast areas climate change, related basins and adjacent regions. The Caspian Sea relates to such basins. 
The Caspian Sea into which flows 130 rivers and no one runs out, with the catchments area of the basin exceeding 10 times of the sea basin and equal to 3.5 millions km2 can act as climate and ecological indicator not only of regional but also global  changes.
In the mean time Caspian region has serious environmental changes that influence on the life conditions of by Caspian states’ nations. The ecological problems of the Caspian Sea and by sea regions are the results of the whole history of the extensive economic development in the region countries.
The level change and coherent flooding of the coastal areas, continuous social-economical damage, and contamination of the water bodies and reduction of biological resources are basic problems of the Caspian Sea. 

Azeri part coastline of the Caspian Sea is 955 km. Coastland densely populated and intensively settled. About 40% of the population and the main industrial potential of the country concentrated on the coastland. Seashore and seabed are ample with oil and gas. There are international and state roads and railways running along the seashore. Agricultural activity is developed in this region. Coastland differs with its resort-recreation resources. Biggest commercial port and float ferry in Caspian Sea is in Baku. In comparison with the other by Caspian Sea countries the social-economical life of Azerbaijan Republic closely connected with Caspian Sea. Therewith stable economical development and ecological condition of the region hardly depends on Caspian Sea level, the alteration of which damage immensely social-economical life and ecology of the region.
Social-economical problems of Caspian Sea coastland arose in the result of the reclamation of the sea natural resources and coastlands. Appearance of these problems much more accentuated abrupt changes of the sea level, herein global climate changes have a great role in this factor. 

Due to this, the research of the sea level changes and forecasting its multiyear’s oscillations come to the first place. 

The vulnerability evaluation of the social-economical conditions and natural resources of the Caspian Sea coastland to the forthcoming climate changes is the actual issue for Azerbaijan Republic. In the framework of “ First National Communication on Climate Change” UNFCCC of Azerbaijan Republic has been held definite works and used the results of the researches done by hydro meteorological services of the Republic and Geography Institute of the National Science Academy, various literature sources and also regional and national program materials such as Complex Program on hydrometeorology and monitoring of the Caspian Sea environment, Climate Change subsequences in the Caspian Sea region, national plan activity on environment of Azerbaijan Republic. 
1. Climate Change Analyses  

On the global climate warming backdrop occur regional changes for identification of which on the territory of Azerbaijan Republic have been used 100 years observations data of the 16 representational for the region meteorological stations.  

Trend analyses results shows that for 100 years’ period ambient temperature on country territory increased on 0.5-0.6 0С. During 1961-1990 the warming degree was 0.3-0.6 0С.

In general warming affected on all natural areas of the country. Maximum warming observes in Big Caucasus, Kura-Araz lowland (0.5-0.650С) and minimum on Small Caucasus Mountains and in coastal areas of the Caspian Sea (0.14-0.20С). 
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Falls annual sums’ dynamics more than of secular passage of Baku station shows that for approximately last 50 years the quantity of the falls increased. Trend analyses results shows if 1881-1997 years annual fall quantity in general increased on 21% then in 1971-1997 years reduction was only 12%. 
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1.1  Historical Tendency for last 50 years in the Caspian Basin. 
Caspian Sea – holistic natural geosystem comprise geological, hidroclimatic and anthropogenic factors. Therefore for right understanding of the nature oscillation and developing scientifically established forecasting of the forthcoming sea level changes it is necessary to consider co-action of this factor, define the degree of their impact on the level oscillation. 

Terrain and hydrophisical research analyses showed that the main role in the Caspian Sea geodynamics takes horizontal earth movements, but vertical is their derivatives and cannot affect on the sea level. In general, on many authors’ opinions, input of these movements can be estimated 10-15% and it is necessary to confirm the evaluation by range of instrumental observations. 

For identification climate factors’ roles of the sea level changes it is necessary to consider the changes of the water balance connected with the changes of the water budget component: streamflow in the sea, evaporation of falls and flowing into Kara-Bogaz-Gol Bay. Especially, there have been reviewed 1930-1941, 1941-1969 and 1978-1996 years that applicable to the abrupt fall periods of relative stabilization and abrupt flow-up. 

	Period

	Level Accretion (cm)
	River streams
(km3)
	Interflow (km3)
	Falls
(km3)
	Evaporation
(km3)
	Flow in Kara-Bogaz-Gol Bay  (km3)

	1900-29
	-21
	332
	4.0
	69.8
	389
	21.8

	1930-41
	-173
	268
	4.0
	72.9
	395
	12.4

	1942-69
	-27
	285
	4.0
	74.1
	356
	10.6

	1970-77
	-65
	241
	4.0
	87.6
	375
	7.1

	1978-96
	+222
	311
	4.0
	86.1
	344
	10.0


The role of hydroclimatic parameters confirm the following facts, that slump fall of the level from 1930 to 1941 years to 173 cm have been generated by streamflow reduction, the average value of which for this period was approximately 268 km3 per year that less on 64 km3 of the previous period. Starting from 1978 year cyclonic activity in the Caspian Sea Basin activated that led to the increase of the rivers water flow. 

As you know, the Caspian Sea level changes by time classify in the following way: secular (historical), multiyear, annual (seasonable) and short time. Generalizing the results of the several authors on dynamics of the Caspian Sea level changes we can say for historical period fluctuation amplitude was between -20.0-34.0 m abs, i.e. was 14 m. In the historical time frame in the Caspian Sea level changes observe rhythm with various periods. In the mean time most (40%) of the level condition was from -25 to -27 m. 
Seasonal or annual change of the Caspian Sea level connected with the fluctuation of the water budget components: stream flow, evaporation and falls, i.e. with compliance its receipt and expenditure parts. During the observation period variability amplitude makes 30 cm. Short term variability of the level in general connected with cap conditions of the Caspian Sea. 

It is much better to see multiyear changeability of the sea by survey that held in Baku since 1830s. During the survey the most high level equal to -25.2m has been registered in 1882 and the most low -29.0m in 1977. 

As per National Hydro meteorological Department data from 1978 to 1995 the sea level increased for 2.5m and reached -26.42m. It’s the most intensive and continuous level increase for whole period of survey that connected with the humidity increase in the streamflow basin (on 10-11%) and consumptive river-water use reduction. 
In defined period, in the result of sea level increase considerable damages has been stricken to the range of industrial objects and infrastructure of Azerbaijan Republic. First of all it is connected with that over a distance of XX century and up to 80s years reclamation of the coastland was developing in the level of regressive phase conditions, i.e, so large scale damages were connected with the flooding of the prior off-shore area. In the result of the sea level increase has been flooded 485 km2 of Azerbaijan’s coastland. There are 50 localities, 250 industrial ventures, 10 thousand ha irrigation lands, recreation objects for 200 thousand people in impact area. In the result of coastland flooding critical situation has been observed on Lenkoran-Astara coastland section and on Absheron Peninsula where localities exposed to the flooding and happened derivative sea pollution. 

Here is the diagram of the Caspian Sea level change over last 50 years. 

[image: image3.emf]The Caspian Sea level variability tendency by Baku data for 1955-2005.
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1.2  Climate Change Tendency Forecast for next 30 years in Caspian Basin. 
For evaluation further climate change on Azerbaijan territory by MSEI recommendation national experts used ОSА models: GISS, CCCM, UKMO, GFDL-3, GFDL-T. As the climatic base has been used real meteorological data of 16 stations for period from 1961 to 1990 years. In accordance with these models by doubling СО2 concentration in atmosphere, expected increase of average annual temperature till the end of further century will be 4.11-5.82 0 С. 

By doubling СО2 concentration using UKMO and GISS models expects increase of the annual falls on 4-12% and by CCCM and GFDL-T models reduction on 1-1.9% and using GFDL-3 model we observe minor spatial change of falls. Winter falls are increasing by all models, and summer falls are reducing on 23-62%, except GISS model by what summer falls increase on 17-40%.
Due to the absence of the unique estimates against of the climate change impact on water level increase and future development of coastal areas in the survey chiefly adduced scenario but not specific forecasts. From the other site, absences of the basis scenarios that simulate sea level fluctuation substantially complicate climate change impact analyses. 
As you know, climate change has a significant role in the Caspian Sea level fluctuation. We can estimate this by sea water balance and variability change value of outlet basin’s hydrological conditions. So, by 46 meteorological stations’ data located in Caspian basin has been identified   that during the last transgression (1978-1996) the fall quantity were on 40-60mm (8-10%) more than in previous periods and accordingly streamflow flowing into the sea also increased on 10-11%. Besides, in 90s years economical crisis in the Caspian Sea countries also facilitate to the decrease of consumptive use of river waters. 
There are many forecasts on the Caspian Sea level change. Many scientist of Russia, Azerbaijan and different countries conduct survey for forecasting the Caspian Sea level, i.e. basically try to elaborate long term climate change forecast in the basin. However these attempts didn’t give the expected results, i.e. climate forecast is one of the most complicated and pending problems of the modern science. 
In the majority of the modern elaborations the main conclusion of the researches coincide in that the high humidity in the Caspian Sea basin will remain and the sea level fluctuate in the frame from -26.0 to -25.0 m abs. 
Various researches’ work analyses and level data for 1830-1996 years allow making conclusion that for potential estimation of the climate change impact on the coastal areas of the Caspian Sea it is necessary to orientate on the sea level raise till -25.0m (analogous raise has been observed in 1882). Such evaluation corresponds to the stochastic forecasts results of R.K.Klige, B.N. Malinin and to the forecasts of Geography Institute of the National Science Academy of Azerbaijan Republic. 
Here is the Caspian Sea level forecast table (m. abs) with reference to the various authors:

	Author

	
	               Year
	

	
	2010
	2015
	2020
	2025
	2030
	2040
	2050

	Geography Institute of NSA of Azerbaijan* and BSU hydrometeorology department 
	-26,6
	-26,4
	-26,4
	-25,2
	-25,8
	-27,8
	-27,9

	B.N.Malinin*1
	-25,6
	-25,5
	-25,3
	-25,2
	
	
	

	I.A.Shiklomanov*2
	-28,8
	-28,5
	-28,0
	
	
	
	

	R.K.Klige*3
	-25,2
	-25,5
	-24,9
	-24,8
	
	
	


Note:  * Forecast has been prepared based on solar-terrestrial relationships by applying extrapolation method; the given evidences have 50% of supportability                    
                        *1 Forecast executed based on climatic method 
                        *2 Water table estimate on climate change scenario with accounting.
                                     *3  Probabilistic prediction with 50% of supportability.

As there is no reliable forecast, it is necessary to estimate the sea level raise possibility taking into account the real situation. As you know, that for whole instrumental observation period maximum sea level increase to -25.m has occurred in the condition of activity absence and high basin humidity. 

Last times, firstly the annual consumptive intake from Caspian basin rivers make approximately about 40 km3, secondly if the level reaches level -26.0 -25.0m abs point then the square of the shallow warming water areas are increase more than on 12-15 thousand km2, and this will lead to the evaporation volume increase on 20-25 km3 per year; thirdly into Kara-Bogaz-Gol bay every year flows about 35km3 of water. So, if nowadays basin humidity increase tendency is preserve, the above mentioned factors will prevent the sea level raise more than -25 m abs. 

On this basis, for potential evaluation of climate impact on the Caspian Sea coastal area, the feature can be -25.0 m of absolute height that increase the level of 1995 year on 150 cm. 

2. Potential ecological impact on the Climate Change in the Caspian Sea Basin 
In the frameworks of “First National Communication on Climate Change” in Azerbaijan has been held the evaluation of the current and future coastal conditions, which executed by usage of geographical map and air survey materials of 1992. By this have been used cartographic materials of the National Hydrometeorological Department, Ecology Institute of National Aerospace Agency. 
Base on this organization’s data have been prepared 80 flood control maps in 1:2500 scale by level -26.50m abs of average Caspian Sea level in 1995 and also possible flood areas by exceeding the level once more on 1.5m, i.e. -25.0 m abs. 
Vulnerability value of the climate changes of the coastal areas of Azerbaijan has been held based on naturally-economical features of the territory. Basically there was allotment principle of natural-economical characteristics producing mutual combination of natural, economic and social conditions. 
There are the flood areas of the Caspian Sea coastal zone on administrative regions of Azerbaijan:

	Administrative region
	Flood Area for 1996, (-26,5м abs) (hа)
	Additional flood area, level –25,0 м. abs, (hа)
	Total flood area, level –25,0 м abs
(hа)

	Khachmaz
	2070
	1170
	3240

	Devechi
	1040
	630
	1670

	Siyazen
	610
	470
	1080

	Xizi
	510
	670
	1180

	Absheron
	3820
	2190
	6010

	Salyan 
	60
	60
	120

	Neftchala
	13270
	37560
	50830

	Gizilagach Conservation area
	23900
	36950
	60850

	Lenkoran 
	410
	770
	1180

	Masalli
	2670
	1940
	4610

	Astara
	90
	100
	190

	Total
	48450
	82510
	130960


In the mean time for the exact estimation of the potential impacts by sea transgression with possible level achievement -25.0m abs, there are 4 regions in Azerbaijan. 
	Region
	Flood area on condition for 1995 year (-26,5м abs) (hа)
	Expected flood area to 2030-2040, level -25.0 m abs (ha)

	Northern coastal zone ( from Samur creek to Absheron Peninsula
	4230
	12400

	Absheron Peninsula
	3820
	6010

	Kura river delta and Gizilagach Bay
	37230
	111800

	Lenkoran-Astara zone
	3170
	5980


	Total on Azerbaijan 
	48450
	136190


For estimation of the worst impact condition on coastal zone has been used the proposal that the Caspian Sea level to 2030-2040 years would raise on 150 cm more. Selection advantages of the level increase till -25.0m allow extrapolation execution for other sea levels at the same time.  Estimations show, that on raise of the Caspian Sea level on 150 cm, additional 87.7 thousand ha of coastal line will expose to flooding and to 2030-2040 years the total flood area will comprise 136.2 thousand ha, i.e. 1.6% of country total area.    

2.1 Impact on main rivers flow characteristics (Volga, Kura, Terek)

It is common, the Caspian Sea water budget coherent with the change its components, such as surface runoff into the sea, evaporation, falls, and water flow from the sea into the Kara-Bogaz-Gol Bay and groundwater inflow. 

Surface runoff into the sea, comprising 4/5 of its receiving part water budget is the main inflow source into the Caspian Sea and accumulates from Volga, Terek, Ural, Sulak, Samur, Kura rivers streams, small Caucasian rivers and rivers of Iranian seashore. 

Volga: The catchment area makes 1380 thousand km2 (about 40% of the Caspian Sea catchment area) and identifies the main part of the surface runoff into the sea that makes about 82% of its total volume. Volga’s stream amounts vary in the large amplitude against climate conditions. Its minimum range has been observed in 1937 and 1977 years (accordingly 161 and 148 km3 ), and the maximum in 1926 and 1990 years (382 and 356 km3), i.e. the variability amplitude makes 234 km3. Annual average stream magnitude makes 243 km3. 

In the mean time, Volga stream regulates in an annual period frame by Volga’s Kaskad reservoir, total actual capacity of which makes about 109 km3. Reservoirs accumulate part of the spring flow, increase and levels low water period flow. 

Terek: Natural water resources forms generally in the mountainous area of the basin and estimates in 11.5 km3 per year. Catchments area is 43200 km2. Average annual flow of Terek River by Kargalin mill for whole observation period estimates in 9 km3, i.e. about 3% of all rivers surface runoff. 

Kura : This is the second by volume river of the Caspian Sea. Kura River’s basin is the ancient irrigated field region. Full resources of the river flow in the basin estimates in average 26 km3 per year, however in the water budget the significant role have water taking out of the rivers for the agricultural needs. In the mean time the total area of the irrigated lands in the basin constitute about 1.5 mln ha. Total consumptive river streamflow on agricultural needs, including the evaporation loss from the reservoirs achieved 13-14 km3 per year. Mingechaur reservoir with actual capacity 8.3 km3 and “Araz” control structure, Shemkir Powerhouse and Yenikend reservoir conduce to the multiyear’s discharge regulation. 
Kura River’s average annual stream flow on it’s by creek area can estimates in 18 km3 or 6% of total streamflows of all rivers running into the Caspian Sea. Despite that in 1999-2000 years in the summer period the water level in Kura River was lower than fixed rate in the last 3-4 years we observe over water period. 

In the framework “First National Communication on Climate Change” in Azerbaijan has been held the definite work on estimation of water resources to the climate changes in the future. 

For evaluation has been elaborated methodical approach based on sequent use of the statistical models range that allows the execution of the following tasks:
( Re-establishment of the stream flow on catchments basins of the main rivers, evaluation of the natural and placed water resources;

( Evaluated climate impact on water resources of the main river basins;

( Executed calculations for climate scenarios taken by atmosphere circulation models and also estimated the vulnerability of the natural water resources and water consumption to the climate change. 

Azerbaijan Rivers belongs to the Caspian Sea basin and combine in the following three basins 
· Kura basin rivers
· Araz basin rivers 
· Rivers, directly flowing into the Caspian Sea (Big Caucasian north-east hill side and Lenkoran area rivers)

Depending on the territory humidity and exposure of the mountainside, basins Sumner line and on supply source they are divides on the several groups. 

Annual stream flow discharge closely connected with the falls characters and basins’ thermal regime. 
Kura is the biggest river; its catchments area (with Araz inflow) is 188000 km2, length 1515km, average multiyear streamflow volume in the creek equals to 26.6 km3. 

In the framework of the First National Communication for evaluation of the water resources of Kura river and the rivers running directly into the Caspian Sea has been used data of more than 150 hydrological and about 60 meteorological observation stations. For researching the stream flow connection with the falls and air temperature has been reviewed the impact of the elements on absolute of the annual stream flow modules and on the stream flow’s seasonable amount part (in percentage from the annual). Herein has been used linear multiply regression method. 

For rivers, directly running into the Caspian Sea obtained regional rating modules of the annual stream flow, against seasonable flow mean from average catchments height, based on that identified annual and seasonable stream flow and related regression equation on falls and temperature. 
Research results on the water resource changes on GISS and GFDL-3 scenario, show that temperature raise on the whole Kura basin and other rivers of the republic flowing directly into the Caspian Sea lead to the reduction of the water resources approximately on 4.0-4.50 . Despite that in the result of increase of the average falls till 5-10% on different basins part of the stream flow re-establishes. In general Kura river’s water resources and whole territory of the republic on increasing СО2  two times on GISS model decrease to 15% and on GFDL-3 model to 20%.  The streamflow decrease happens in all seasons.  

On GFDL-3 scenario significant streamflow discharge takes place during the year.  Reduction of the fall amount on this scenario in the summer-autumn period lead to the decrease stream flow part and increase relatively streamflow quantity for winter and spring. Streamflow reduction and evaporation growth increase water consumption deficiency. 
2.2. Impact on ecosystem and biological diversity.

Deforestation

Azerbaijan refers to the sparsely wooded region with the average woodiness in 2.5-3 times lesser than of accepted norm in the world policy. They distributed spotty on the area of republic- almost 95% on highlands. The woodiness fluctuates within the ambit of 18-43%, while in the lowlands it makes 0.5-2%.

Azerbaijan forests refer to the first group and carry environmental formative and nature-oriented functions. Due to the climate change the forest role is increasing considerably. Ground-climate condition diversity of the country specifies the forest expansion with the very rich nature compound. Here we can observe the vegetation of more than 350 shelterbelts species, however the majority (87.8) of the arboreal species of the state fond of the country refer to the hard leafed species, soft leafed and coniferous species accordingly make 2.2 and 1.6%.

It will be observed that the climatic potential of the Azerbaijan forests production is significantly high. The calculations show that the climate index mean of the potential productivity of the republic forests during the realization of all climate scenarios could increase from 23 % till 53%. 

The most impact on the forests show the realization of the scenario GISS and GFDL-3 when the upper climate border on the Big and Small Caucasus could increase on 550-950m, and in Talish vise versa decrease on 100-200 m. Lower climate border of the forests could be dislodged upper in depend of the vegetation locations on 50-200m. Along with this taking into account the modern load at upper and lower forest borders, we could suppose that the forest borders don’t change in real terms. Some changes occur in specific compound and forest productivity. 

In the result of the expected climate warming we could suppose the decreasing of the hard leafed species’ area approximately on 2-2.5%. The expected are decreasing of the oak species on 3-3.5%, beech forests on 15% and increasing of hornbeam on 19%, herein the total area of the hard leafed species could increase on approximately on 17 thousand hectares.  Expect the decrease of the soft leafed species on 4 thousand hectares (20%). The area of the other arboreal species could increase approximately on 12, and shrubs almost on 70% or 13-14 thousand hectares. In general all around the republic the forest area will decrease on 7.6 thousand hectares. In result will take place the changes in the reserves and in an annual accretion of the deposit carbon in a wood. Herein by changing species compound of the area on 13.5 thousand hectares and decreasing of the forest area on 7.6 thousand hectares will take place the decreasing of the total carbon reserve in forests against to the basic on 859.4 thousand ton, and annual of the deposit carbon decrease on 10.3 thousand ton or approximately on 2%.

Thereby we could suppose that expected climate changes could influence on modern borders, compound and forest productivity at the mean time in combination of anthropogenic impacts their role in forest degradation amplify will increase considerably. 

Forest stability increase measures will conduce to the mitigation of the climate change consequences. 

The adaptation strategy of the forest sector to the expected climate change should be directed on forest reclaiming. The initial calculations inclusive of various fields interest of the country economy especially of the agricultural sector show that the optimal woodiness of the Azerbaijan make 18-20%. Herein on Kura-Araz lowland it could be followed up to 5-7 %, in piedmont of the Big and Small Caucuses -20-25% in mountain-wooded belt 35-40%. 

For protection of the agricultural lands of the country from wash and wind erosions, plantings and plantations from dry and hot winds it is necessary to establish on this lands in a near 20 years 16 thousand  hectares of the forest protection lines increasing the area in the future on 9-10 thousand hectares.

In the north-eastern cost of the Azerbaijan water area of the Caspian Sea of Nabran region there are uncial relict forests massive (oak) located lower than the world ocean level. At scholars estimate the region is especially vulnerable to the expected climate change. With a view of its protection by assistance of German Government creates Samur-Yalama National Park.

Desertification       

The desertification processes defined as soil and vegetation degradation under the human activity impact in arid, half arid and sub-humid climate are observed everywhere around the Caspian Sea. Absheron Peninsula, the coastal area till Derbent and Kura river delta could refer conditionally to the areas of the strongly desert impact and desertification processes.  

At the mean time, due to the exceeding exploitation, exceeding pastures, deforestation and applying of the inadequate irrigation methods, the land degradation problem and desertification is one of the actual problems for Azerbaijan. The similar situation generated as by economic so and by social factors: not familiarity of the population, war, dry, global climate change.

In Azerbaijan the area of the eroded lands make 3.7 mln hectares, about 1.2 mln hectares of the salted lands. In the result of the minerals exploitation more than 30 thousand hectares of the land disturbed, and 14 thousand hectares contaminated by petrol. In last years the desertification processes have get tragic scope, 261 thousand hectares of the wooded areas remained on the occupied territory and practically liquidated what led to the intensive development of the erosion processes, at the mean time the firewood is the main energy source for the majority of IDPs.

On Absheron Peninsula and along the southern coast the sewage wash and oil overflow impact on the large territories, as the petrol exploitation works began there 100 years ago affecting on upper layers of underwaters. The soil and vegetation around Baku hardly degraded the vast territories have waste and pollution sedimentation that doesn’t let further land-utilization.

At the mean time Ministry of Ecology and Natural Resources carries out a big work on desertification problems. So has been started the practical realization of the National Programme on Forest Rehabilitation. The realization of this programme directed on biodiversity conservation on one part and on desertification from other part and by this we reach the synergism in resolving of both problems. Also there is realizing number of projects on recultivation and land rehabilitation of the areas polluted in a result of petrol exploitation. 

Fish reserves of the Caspian Sea.     

The Caspian Sea – unique basin in the world, where reserved large amount of the sturgeons. 

The vulnerability value of the Caspian Sea fish holdings to the forthcoming climate change and adaptation measurement evaluation has a significant meaning. In the frame of the “ First National Communication on Climate Change” has been done the trial of such estimation. 
For evaluation of the fish holdings vulnerability to the forthcoming climate change on the first stage researched the impact of the hydrological and hydrochemical conditions on fish resources. 

The Conditions of the hydrologic regime defines the transmission achievements of spawning cycle of all phases. The main factor for fish fattening is the sea level. Taking into consideration that in the majority of modern exploitations the researches conclusions coincide pertaining to the Caspian Sea level increase, it is necessary to expect the large scale changes for bio-variability of the Caspian Sea. 
The estimates shows, that by increasing the Caspian Sea level on 150 cm the coast line of Azerbaijan will expose to the additional flooding, the total area of which makes about 136.2 thousand ha. It means the increase of the breeding grounds for fishery but from other part there will be the great petrochemicals pollution of the territory adjoins to the oil industry regions, where in the oil production result which held last 150 year vastly expanded polluted lands in our days. Situations raised in the result of oil pollution can lead to the change of thermal and gas exchange between sea and atmosphere, to the reduction of the biological resources and degradation of the separate biosenoses. Not casual, that in the oil contamination areas in the benthal biosenose’ content on type numbers, strength and biomass dominates azov-blacksea immigrants, however one can observe in a minor amount Caspian native fauna.

Beside, due to the increase of the sea level abruptly reduce fish breeding grounds at river creeks, generate aqueous medium amount in the coastal area, take place the transformation of the breeding grounds located on the coastal shallows, sturgeons’ breeding grounds flooding. Also with the increase sea level take place silting of anabranches in the result of what significantly impede spawning migration of anadroms and catadromous fish and it creates preconditions for reduction of these types. 

As you know the majority of Caspian fauna inhabits in the coastal area (till 100 m) – in the upper the most lighten and warming water layer. It means that it is difficult to evaluate hydrological regime impact univocally. 
Concerning the hydrochemical regime, the oxygen content has the main factor in the developing of fish resources that identifies by intensity and directivity of redox processes taking place in the marine.   
From water oxygenation depends normal animation of hydrobionts and in the result of that their stability to the majority of the ambient adversities. The oxygen decrease in the water generally takes place organics bacterial decay and pollutions by plants sewages. It is known, that with the rise of temperature and salinity the oxygen solubility in the water falls. By depth intensity and photosynthesis speed falling off, and containing here oxygen largely expend on oxidation process and on breathing of alive organisms. 
 To the sea salinity regime research dedicated the works of the numerous scientists that concur that Caspian salinity change mainly depends on streamflow change into the sea, and fall impact on sea watertable, evaporation from the sea surface, seasons and water exchange between different parts of the sea are unessential factors. Depends on multiyear data we can observe Caspian water salinity change conditioned with the fluctuation of Volga creek and connected with it sea level fluctuations. As in the time of the extreme shallow period in 1932-1940 years when we observe falling of the sea level – the salinity increase occur. 

On average multiyear data the salinity of the surface waters of Azerbaijan water are in 12.5-13.0%0 interval. 
It is known, that water temperature is one of the main characteristics defining biological cycle of flora and fauna and facilitating to the oxygen and component concentrations of waters that necessary for animation of sea farming. 
Climate change impact on fishery evaluation has been held on several climate scenario UK89, CCCM, GISS, GFDL-T, GFDL-3 and also on artificial scenario by which on unessential fall changes expected temperature raise on 20С. Temperature is the main factor of the water medium having the main role in the development, survival and breeding consequently in an amount distribution of water organisms. Mass spawning of the different fish types don’t happen simultaneously but dislodge in accordance with the optimal amplitude of its spawning temperature. 
For example, if Persian sturgeon come to the breeding grounds in June-July, runs in June, August by water temperature from 16 to 220 , by doubling СО2 concentration in the period of spawning fattening and spawning the changes will take place with the extend of 45-60 days. I.e. the spawning beginning coincides with the beginning of March. By realization of expert scenario the changes in the spawning term will make 10-15 days. In the same way has been identified the spawning term change of long-nosed fish, sprat and anchovy sprat. 
It necessary to notice that by realization of the above mentioned climate scenarios, fishery of the Caspian Sea will be adapted to the spawning term change. 
2.3 Other impacts 

Brief characteristics of the expected changes in the coastal areas by raising the Caspian Sea level on 150 sm.

· Northern coastal plain. The Length of the coastal line of the area is 152 km. The areas located on the Samur river creek and beach slit by Shollar plain coast will be exposed to the scour and abrasion, and more southern regions to the water logging. Penetration distance of the sea in this region will compile from 50 to 300m per year. In the impact zone will the resort and rest objects, 17 industrial ventures, highway with the length 60 km; land loss can be 8170 ha.
· Absheron Peninsuila. This region specificates with the high reclamation level and developed infrastructure. Here concentrated 40 % of the population and 2/3 of Azerbaijan’s industrial potential. Here beside industry developed recreation and intensive suburban agriculture. The possible negative consequence of the level raise exists for urban areas of Baku, Sumgait, Sangachal, Gobustan, Primorskiy, Pirallahi and others. Highways with the length of 10 km between Sangachal and Primorsky, fixed platforms, Oil Rocks industrial complex, Bibi-Eybat mining, mooring and protection structures of Baku harbor and industrial ventures located by sea side are under the flooding danger. In this case will complicate petrol production from wells located in the oncoming flooding zone. The total flooding area in this region will make 6010ha.
·  Kura river delta – Gizilagach bay. This region is the coastal art of Kura-Araz lowland with the specialization on the corn (wheat) and melon cultures growing, on cotton farming, fishery, petrochemical production and transport infrastructure. On the region part comes about 80% of the total flood area. The significant occurred in Kura creek equal approximately 4000 ha. Southern to Kura river creek located plain with bay and unique Gizilagach reservation. The bay separates from the sea from the east by Kura foreland that flood and washes (15-20 cm per year). In the scour result, already in 1980 has been formed strait that led to the hydrological regime change and salinity of the bay. The flood area of the bay shore makes 8000 ha. By level raise in this region 10 urban area, 23 industrial ventures will be exposed to the flooding; the land loss will make 111800 ha. Water logging of the coastlands will complicate medico-ecological conditions. 
· Lenkoran-Astara zone. The region specializes in subtropical farming, tea-planting and early oreliculture, rice planting and also food processing industry and fishery. There is the highest population density in the region (130-150 man/km2). Since 1948, the region coast despite the raise and fall of the level gradually expose to the abrasion of the various intensity. By data of Geography Institute of the NA of Azerbaijan Republic the scour volume in the area makes 300 thousand m3/per year. The Baku-Astara railway on Lenkoran-Astara section has been relocated to the up onshore. The flooding of the coastland will lead to the loss of 5980 ha of the plentiful lands. In the impact zone will be 13 urban areas and also Lenkoran and Astara cities. 
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2.4 Short characteristics of the expected changes by falling the Caspian Sea level to the point -30 m. abs
Despite the fact that, the numerous scientists dealing with the Caspian Sea problems agree on expected raise of the Caspian Sea level, however for evaluation of the Caspian Sea possible fall consequence till -30 m level it is sufficient simulate the situation took place in 30-70s years of the last century, when sea level sea falls toll -29.m level abs, that is the lowest not only for the whole survey period but also for last 400 years. 

The Caspian Sea abrupt fall had negative influence on ecological and social-economical situation of the same region. The level decrease causes the shallowing of the approaches to the harbors and generally complicated the ship floating conditions. That led to the spending if the vast facilities for maintaining of the navigable clay by Volga, Ural, Kura creeks, to deepen undersea channels to Baku, Maxachkala, Krasnovodsk and other harbors and also deepen the harbors itselves
Impact on oil industry Coastal area accretion and the increase of the coastal, continental and island oil mining fund in connection with the possible sea level fall is one of the main factors affecting on oil production development on sea and its coastland. On the one hand the level fall is the positive factor for oil industry, as increase accessible for exploitation the oil water area, and on the other hand negative factor causing big difficulties in the oil file float work, in the exploitation of the coastland stations, technical services and others. 
Impact on the sea transport  The Caspian Sea level recession having been started in 1930 year led to the serious difficulties in the normal activity of the different fields of the sea transport industry, substantially obstructed the transport works and caused the necessity of the significant investments. The navigation is impossible in the harbor approaches, in the channels, aprons and fairways. In the havens of the large harbors of the Caspian Sea: Baki, Maxachkala, Krasnovodsk and others and also navy approaches to them the ships headway began possible on by artificial dredging works of channels and aprons. Ports Liman (Ilyich), Astara and others packed up.  

In the result of impossibilities of the further marine, ship and dockyards, docks, wharfs and other harbor work adaptations there appeared the necessity of harbor relocations in the new regions that demand long time and immense cash expenditures. 
Level recession impact on fishery  In the period of sea level recession having take place recently occurred the abrupt reduction of tacks. The level recession impact recoil on fish breeding, as the breeding ground of the water areas and feed-stuff for fish by Volga delta and Ural completely and partially desiccated the range of the bays rich with the fish – Gasan Kuli and others. Ran dry the river creeks flowing into the bays and this debar some kinds of fish their natural way of migration and incursion possibilities into the breeding ground. 

Apparently for the many fields of economy the Caspian Sea level recession is an adversity. 
3. Adaptation measures directed to the reduction of the adverse impact of the climate change to the ecosystem and economy in the basin.

For the maximum loss reduction from the flooding of the coastal zone, by planning and allocation theory in the context of expected level adaptation strategy for the near 30-40 years should be calculated on two altitudinal frontiers: -26.0 and -25.0 m. Taking into account the given frontiers, it is necessary to stop land reclamation, flooding and underflooding of which can lead to the inadmissible ecological and economical consequences. The protection method selection should be conditioned on object significance and on its operation possibilities depending on its location. The creation of the complicated and expensive protective structures can be proved for already existing big objects. The protection solution of the other objects and localities demand ecologo-economic utility of the measure in comparison with the relocation and re-habitation. 

The protective structures should be orientate on the possible flooding in the near 20-30 years, herein was advisable to use constructions allowing the possible growth in the future. 

The realizing measures shouldn’t reduce essentially the receiving part of the water budget as by sea level recession can occur investment ending as in the protective structures so in the reservoirs and also lead to the negative ecological consequences. 

During the realization of the protective measures it is necessary to moderate principle of the maximum prevention of the damage by less value of the protection itself. 

By strategy adaptation elaboration to the Caspian Sea level increase has been reviewed the following variants of the protection measures:

( recession from the coming sea. Remaining localities and objects protects locally, by turnback dam schema or by constructing embankments with the communication linkages device with thr main area;

( organization of protection, generally on the existing locations by fencing them with turnback dams or by embankment islands method with the reconstruction of objects. To a lesser degree – relocation and dislocation of the objects;

( maximum protection organization of the existing resettlement objects, economy and valuable territories. Main protection structures are frontal dams, enclosing moving objects or intensively settled coastal areas; turnback dams – for protection of the local objects. Relocation and resettlement is minimal. 
By evaluation works results held in the frame of the preparation works for the first national message on the climate change in the context of expected increase of the Caspian Sea level till -25 m abs as the priority has been accepted protection variants considering firstly the construction levees. 

There are the possible measures on the coastal line adaptation to the sea level change. 
1. Developing the harmonious exploitation general scheme and coasts protection and its technical-economical support;

2. Resettlement of the population located in the high impact zone of the regions: Neftchala, Lenkoran and Astara (localities Neftchala, Lenkoran, Astar, Sarigamish, Prorva, Krasnovka, Saratovka, Kurdili, Narimanabad, Xazar, Olxovka, Sutermurdol, Sirvi, Shaxagadge, Vel)

3. Resettlement of 15 industrial ventures and administrative structures from the flooding zones 
4. Reinstatement, relocation and surface transport infrastructure protection (electrical lines, pipelines, railways and highways) in the sea impact zone.

4. Summary and conclusion 
Unlike from the other regions of the world, where the sea level change impact problem on the human activity is the problem of the far future in the Caspian Sea region especially in its Azeri sector this problem is already actual. 
It is known that the Caspian Sea has the main role in the social-economical development of the by Caspian states. The modern policy of the Azerbaijan Government directed to the providing of the stable development and solution of the pointed social-economical problems. 

Therewith unsolved problem remaining troubled social-economical and ecological environment in the coastal regions of Azerbaijan in the result of the level increase on 2.5 m for the period from 1978-1996 years. 
Expected level increase in the average on 4-5 cm per year will accentuate the situation. By sich increase in the near 30-30 years the flooding intensity in average will make 2100-2400 ha per year and total loss can be 130-160 thousand ha. 

The loss calculation of the social –economical fields taking into account the present situation and perspectives complicated because of the reliable cost estimation deficiency of the main industrial funds; much more complicated to estimate the social damage in the population resettlement result and the possible disease incidence growth and ecosystem damage as well as. 

On the climate change background activation of the transactions in the coastal regions of the Caspian Sea in the previous years and in the mean time accompanies with the serious negative factors such as pollution of the river waters running into the Caspian Sea and second contamination of the sea itself in the flooding result, reduction and degradation of the bio- resources. 
It is evident that the expected increase of the Caspian Sea in the near 30-40 years will create adverse ecological situation. Therein expected abrupt change of the hydrological and hydrogeological conditions of Kura and Samur rivers where happens erosion of the current delta and increase of the water tables that lead to the ecosystem degradation and soil salinization.
In the northern part and Lenkoran-Astara regions the level increase in the coastlands will firstly featured in the destruction of the vast areas of the subtropical forests, recreation zones and lands claimed to subtropical cultures. 

By level increase till -25.0 m abs will be flooded part of the oil and gas mining. Serious ecological problems will be originated by Absheron peninsula coastland, in the Kura river creek area, on the Absheron islands and in the Oil Rocks complex region. 

The huge danger to the ecosystem expected due to the possible flooding of some coastal petrol contaminated territories (about 80 ha) located in Baku bay region. The cleaning of the area is the priority for the Azerbaijan Government and in the mean time takes place arrangements in this direction. 
Appearingly the level increase will have a definite impact on flora and fauna of conservation areas and will lead to the reconstruction of these activities. Unfortunately due to the deficiency of the reliable forecasts of the expected changes of the Caspian Sea level the solution of the problems connected with the economy and development of the economics in the basin complicates.  Development of such forecasts is one of the main tasks in the Caspian research. 
Now days the interests of the international organizations increased to the Caspian Sea level problem. This connected as with the raised meaning of the region for leading world countries so with the possibility to use the accumulated here the experience to solve problems for optimization of conservancy in condition of the significant change of the sea level as model for exploring climate change consequences. 

As has been mentioned above, Caspian problem is foreground for Azerbaijan that is why in the preparation project framework “Second National Communication on Climate Change” during near two years expected to take more detailed analyze and evaluation climate change impact on Caspian level and development adaptation measures to the forthcoming changes. 
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Rain fall change by doubling carbon dioxide content in Azerbaijan 
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The Caspian Sea level variability tendency by Baku data for 1955-2005.
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