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Preface 

Caspian Sea, as the world's largest closed sea, has important international role from environmental view point, oil and gas resources, shipping, trade, and national economy and also affect on region's climate. Its geographical coordinates are: 360 34' - 470, 13' N and 460, 38' - 540, 44' E. Its level is 28 meters blow open sea level and has 7000 km coast line which about 992 km of its southern part belongs to I.R.IRAN. Because of variety of weather, rate of evaporation and fresh water inflow, it has very different climatic circumstances. From structural view point, it has variations in depth, effective forces, and marine currents. This sea has been divided to three parts from view point of geographic- physical features, namely northern, middle, and southern Caspian. Total area of southern Caspian Sea is 148640 square kilometers which contains 39.3 percent of total area of the sea. Maximum depth from open sea level is 1025 m and average depth is 345 m. in Iranian coasts, most deep trench is near Tonekabon coasts and the reef which divides middle and southern parts is located out of Iranian waters.


The present Caspian Sea is the survived part of the large sea before, named upper Fawlasinsky , which about 12-13 thousand year ago has occupied all of low lands around present Caspian Sea and connected to world's oceans via KAMA-MANYCHSKAYA trench. Later, because of tectonic activities and worlds climate changes, area of Caspian Sea decreased and disconnected from oceans. About 350 rivers terminate to Caspian Sea which more important of them are: Volga, Emba, and Cora in neighbour countries, and Sefeed Rood, Arass, Atrak, Gorgan, Haraaz, and Chaloos which all of them located in southern Caspian Sea. Also two bays named Gharah Boghaz and Gorgan are the two most important bays of the sea.


Comprehensive study of Caspian Sea has been interested many researchers now. As in far past, many scientists, geographers, and historians, had been interested and talked about it abundantly, as Herodotus; also Abu Rayhan Beerouni (Iranian scientist) has been wrote abundantly about Caspian Sea and its resources and evaporation. 
Caspian Sea as the largest water environment, because of enclosing totally from all around and having no main drain, is a vulnerable feature of natural ecosystems. These natural resources have valuable roles in our life. Apparent feature of these ecosystems is natural evolution to reach to balance state. Sea level fluctuation and its effects on coasts are of most important factors of change in coastal feature. Besides to natural changes, peoples violate coastal areas and natural environment intensely.


Because of changing weather parameters which govern on Caspian Sea circumstances, the sea level is ever changing and its fluctuations are subject to conditions of effective parameters such as; air pressure patterns, temperature, precipitation, and air currents (wind). Every of these parameters singularly have some effect on sea level and together occurrence of them lead to sea level changes.


Caspian Sea level changes is a basic factor of coastal changes and evolution; so progression and retarding of sea causes submersion of constructions or installation of them in coastal area, about this item, during 18 years about 778 square kilometers of coastal land of the country (Iran) is submerged. So it is obvious that forecasting of climate is necessary for future, execution of this important subject needs usage of nowadays climatic data and oceanographic measurements. Global weather mainly determined by oceans and their marginal seas. Measurements of ocean characteristics including its physical characteristics, directly or by satellites, are widely accomplishing now. One of main uses of it is forecasting of future weather coverage and variety. All of these are detectable in sediment layers of lakes and seas. These studies about Caspian Sea have been started some decades ago.


Consequently, minimum change in long term balance between precipitation and evaporation can lead to important effects on economic and social circumstances of habitants of coastal areas. Caspian Sea is an example of such kind in which the sea level undergone changes to about few meters in 20th century in reaction to regional climate change. This problem will have damaging consequences in economy; also marginal areas will be no safe. High sensitivity of Caspian Sea to climate change has effects on its resources.
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Fig 1_ Marginal countries of Caspian Sea
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1-1- Introduction

 
 In long periods, the progression of the Caspian Sea water has been caused damages to coastal ecosystem, residential, commercial, and administrative buildings, and to shipping and fishing in this area. This problem has threatened Iran and other countries around the Caspian Sea seriously. The importance of this area in economy due to fish production, fishery, and suitable water for watering (because of low salinity and suitable mineral composition), huge oil and gas reservoirs, shipping situation and connection to open sea and recreation location is obvious to everyone (Farahani).
 
 The important point is that the fluctuations of the Caspian Sea water are controlled by the region’s climate. According to the climatologists’ opinion, who have studied this subject, changes of the Caspian Sea level is related to the changes of the climate. So that hard and long winters has always linked to the water coming up, and warm summers has always jointed to the water going down. So changes of sea level is due to the changes of annual precipitation, surface evaporation, temperature changes in warm period and cold period, earth global warming theory and changes in rivers' water and human activities (increasing of CO2 because of industrial activities and sea pollution by oil and at last decreasing of evaporation). Economic and social activities in coastal regions of the Caspian Sea can be determined with attention to the range of the Caspian Sea level oscillations (Farahani).
Coastal regions of the Caspian Sea due to the sea level oscillations are changing all the time, so that going down of water has caused appearance of new lands and sea level progress has caused changes in economic and social activities and destroying of many economic activities (Ghangharmeh).

1-2- History of Determining the Caspian Sea Level


A very hard dry condition occurred in the Caspian Sea basin about 8000 years ago in which the Caspian Sea level was 20 meters lower than present position. A great progress occurred 5000 years ago that set the level of sea water 10 meters upper than present position. From the days of forming the big empires around Caspian Sea many events of coming up (progresses) and going down have been occurred that have changed the maximum level of the Caspian Sea water about 4-5 meters.
 
In recent 100 years, the Caspian Sea level has decreased 3.8 centimeters on the average until the middle of 1970s. After the lowest recorded data (-29 meters in 1977) the water level started coming up and the sea water level increased about 1.8 meter in 1991. Observations of the Caspian Sea level in Makhachkala measurement station are the longest time series that has recorded water level changes. It contains monthly average from 1880 to 1994.

1-3- Natural Ecosystem of the Caspian Sea

 
The existence of natural ecosystems beside each other has a special good order and they always affect each other, and this shows dynamic of these sources for reaching equilibrium stage between each other. 

  
 Coastal area is one of the natural ecosystem forms. Coastal regions are always in interaction with sea and oceanic ecosystems to achieve an equilibrium and it isn’t possible to separate them and we can considerate as an area with changeable width which is exposed to sea water oscillations and using talents of them. The Caspian Sea as the greatest lake in the world has a unique ecosystem and has economic worthy fishes such as Sturgeon. The entrance of factories’ waste water, ever-increasing oil extraction, traveling of oil tankers and commercial and cargo ships have increased the amount of pollution in the eastern, western and northern marginal countries.  

  
 Southern shore of the Caspian Sea with the length of 813 km (about 11.6 percent) is in Iran. With attention to the Caspian Sea oscillations, there is an area of coastal band in which we can see the most changes. The height of this area is changeable and is about -20 to -33 meters. The extent of this area is changeable because of the slope of the coasts. On the basis of going down and coming up of sea water, many natural structures which are proportional to mentioned environmental conditions are formed in the Caspian Sea coasts. The existence of marginal aquatic environments, such as Anzali Lagoon, Gorgan Gulf and Ashooradeh Island are samples of interaction and contrast between the Caspian Sea ecosystem and its adjacent land ecosystem. Also shores as places for plants’ and animals’ life have an important role in cycle of life. Different forms of unique forests and plants have been formed and developed in these natural areas. Forests and plants have different effects such as adjustment of climatic cycles, underground water stores, and prevention of erosive and destructive floods, oxygen production and the most important one, creation of comforting views. In addition to environmental matters, the existence of these lands can provide access to sea and use of talents for people who are interested in nature. But natural sources have been changed in different ways under the environmental and climatic conditions in recent years. Some of these changes have occurred because of human interferences and some have occurred due to the natural factors. In human interference part, the Caspian Sea coasts have changed because of the lack of coastal observing plans and not responding the existing rules on dynamic condition of sea on the one hand and the sense of wanting more convenience of some special people in addition to social and economic conditions in recent decade on the other hand. These changes will destroy   environment and will damage the national economy. New period of sea water progress has started from 1357 and has continued until 1374. In these 16 years, sea water has come up more than 2 meters with the rate of 15 cm/year [8].


 These changes have been studied in Noor city in period: 1360 to 1373 years. Natural feature and changes in this area are due to the sea water progress and human factors. Although changes of coastal regions in the south of the Caspian Sea are relatively different, but these changes are seen in all southern coasts of the Caspian Sea.  Especially that the amount of changes in the shores of touristy cities and around of them are very stronger [8].
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Fig 1-1_ Image of natural ecosystem of Caspian region
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Fig 1- 2_ Image of natural ecosystem of Caspian region 
1-4- Study of Some Effective Factors on the Caspian Sea Climate

 
  With attention to the importance of climate knowledge in human life, scientists in many fields, study climate at first to achieve their studying goals. Thus many studies have been done for knowing the Caspian Sea in marine meteorology and physical oceanography up to now. These studies contain determining temperature, precipitation, evaporation, salinity, pressure, density, wind direction and speed, waves and the regions that make waves, tide and other relating phenomena that some of the most important factors are described below.


Temperature: Temperature is one of the most important factors that its annual difference amplitude from average, changes very high in the north of the Caspian Sea as compared with the south of it. As a general rule, eastern shores of the Caspian Sea are dry and warm and the western shores of the Caspian Sea are humid and cold. The southern side of the Caspian Sea never freezes because of high mean temperature and relatively high humidity. 

  
 Surface water temperature and air temperature measurements indicate that the most difference between the sea surface temperature and air temperature occurs in winter and mostly in Neka region, air temperature is less than sea surface temperature. When water is warmer than air, there is a heat flux upward and atmosphere density gradient is so that the dense air stands upon the air with less density and an unstable condition occurs. 


Wind direction and velocity: wind speed and direction measurements show that wind speed is less than 10 knots most of the time. Prevailing wind is westerly, north westerly and south westerly in spring and summer (September), and is easterly and north easterly in fall and winter.

Precipitation: Precipitation in south of Caspian Sea occurs mostly in the form of rain and sometimes rain and snow together and rarely in the form of snow. Precipitation in the south of the Caspian Sea is the most relative to other areas of it and it decreases from west to east. The most precipitation occurs in fall and the least precipitation occurs in summer.

Ocean Currents: There is a surface rotating current in the Caspian Sea. These currents have an anti-clockwise circulation.

   South coastal currents are along the iso-depth lines and have balance with the region's topography. The Caspian Sea currents are not only functions of wind but also are affected by salinity, temperature, precipitation, water entrance from rivers specially Volga River, inharmonic dispersion of water density and some other factors. The analysis of anions and cathions, PH and density of heavy elements’ ions and monotonous elements’ ions in all factors specially in physical factors, show  mixing of water in surface layer and layer of 1 meter and 5 meters depth and near bottom layer. Thus the Caspian Sea currents in this region are so that causes mixing of water of different layers.

Salinity: The average salinity of the Caspian Sea water is about 13 ppt in the whole sea. This ratio is less in the rivers’ entrances. Also in Ghareh Boghaz Bay it is about 220 ppt and in Gorgan Gulf it is 5% more than the other regions of southern coast of the Caspian Sea [7].

Waves: wind waves, internal waves, and gravity waves are some of the other movements in sea that their scales are from some millimeters to few kilometers. Salinity and temperature profiles of the Caspian Sea show layered structures which the way of its layering always has been questioned. It was common to relate layer structures to bilateral diffusion convection phenomenon. But because of the main effect of internal waves on making structures, the role of internal waves in creation of these layers is considered nowadays. Existence of this layer structure is very important because of transportation of materials in horizontal and vertical directions. So considering the role of these layers in oceanic models is important. Also these layers have an effective role in sound wave propagation which is important in submarine telecommunication.

Density: The study of density distribution in the middle and south basin stations of the Caspian Sea shows that the amount of density in depth of about 340 meters for example in the middle basin station is more than those of south basin stations. It means that there is gravity current from north to south in sea bottom in the basins separating edge. For example 0.15 Kg/m3 difference in density causes a 0.17 m/s southward current. Thus it seems that the interchange of two basins’ water, because of their density difference in the lower parts, can causes currents with the speed of about 0.17 m/s on the ridge between two basins, which is important in creating internal waves. The created internal waves have modal structures with numerous sheer layers that can shrink the middle front of the Caspian Sea between two basins and create layer structure with about 20 meters thickness which also has been obtained in the observations. Fig 1 shows the topography of the Caspian Sea and the measuring stations [5]. 
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Fig 1-3_ Topography of Caspian Sea and measurement stations 
1-5- Caspian Sea level fluctuations
1-5-1- Short-term fluctuation

Short-term fluctuation of water level of Caspian Sea might be possibly take place from few seconds to few months. For example, when a wave comes toward coast, it will cause to submerge some of coastal land in few seconds, but it will return to original state again. If storm blowing toward coast, it is possible, water level will increase to one meter in Iranian coasts  and 3-4 meters in coasts of Russia and Kazakhstan, which its maximum duration is 2-3 days and returns to original state again. Gravity of moon and sun change water level of Caspian Sea to 12 centimeters maximum every day but isn't noticeable for local residents. Warming of water in summer and its cooling in winter will change volume and level of water up to 4 centimeters. Entrance of much amount of water into Caspian Sea in spring via rivers specially Volga, will increase water level in the end of spring and early of summer up to 45 centimeters, which will be returned to original state in winter because of  icing of river surface and decreasing its Debby.

1-5-2- Long-term fluctuations   

Long-term fluctuation of water level of Caspian Sea will be happened when there were not balance between input by rivers, rain and underground waters and output waters by evaporation. Water level of Caspian Sea has increasing since year 1977. Measurement of input and output waters show that Volga water increased considerably, and surface evaporation decreased during this time. These factors have increased water level more than 2 meters. Geological and biological evidences show that part of Siberian rivers water entered into Ghareh-Boghaz gulf through Kazakhstan and then entered into Caspian Sea. Then because of rising of land between Kazakhstan and Russia, rivers have been deviated toward North Pole [17].

1-6- Effective factors on water level comedown 
1- Natural factors such as river water decrease by evaporation and decrease of rain.

2- Establishment of dams by human.

3- Watering by river's water.

4- Civic uses and etc.

1-7-  Undesirable results of water level decrease 
1- Marine area decrease.

2- Many coastal establishments become out of use. (north section of the sea)

3- Injuring of fishery and fishing decrease.

4- Becoming not favorable or destroying locations of spawning of different kinds of fishes.

5- Difficult conditions for navigation and transportation and other marine activities, and confusion of these activities.

6- Decrease of valuable fish resources.

7- Change of location of some establishments.

8- Increasing risk of activities for factories in Ghareh-Boghaz bay basin.

9- Farming activities decrease or closing at all.
10- Change of local weather.

1-8- Effective factors in water level  enhancement 

In recent decades, human and numerous natural factors have influenced on Caspian Sea level rise.
  1- Change of sun activities.
2- Intensification of greenhouse effect and melting of polar ices and natural glaciers.
3- Earth tectonic effects. (Sea bed rise) 

  4- Increasing number of sources and their Debby on sea bed.
  5- Human factor and decrease of evaporation from sea surface as a consequent of petroleum pollution.

  6- Constructing a dam in Ghareh-Boghaz gulf opening.

  7- Digging of Volga canal.

  8- Deviation of rivers and transferring waters of north basin lakes from Caspian Sea.  
1- 9- Damages resulting from sea level rising

Sea level rising in two recent decades lead to risk enhancement for many social and economical activities and also change of environmental conditions of coastal regions and water area, as its results there are: damaging of residential and commercial places, fishery, offices, and submerging of arable lands and threat of many coastal cities specially from drainage of waste water point of view, and increase of underground water, that lead to health and cultivation hazards. In Iranian coasts, in 1356- 1374 interval, about 778 square kilometers of coastal lands had been submerged, 27% of these lands belongs to Golestan province coasts, 39% to Mazandaran province coasts and 34% to Guilan province coasts. At a glance, amount of damages of two provinces Mazandaran and Golestan will be showed about 1300 residential units and villas and 17212 hectare of arable lands and many fundamental establishments have been destroyed [9]. 

Air photographs of the region show, Neka region, have eroded fully as a result of sea waves, on a short time interval, on recent years, sea coast have been reached to the power station fence, and responsible persons of the power station, have poured stone masses in front of fence to prevent sea advance and fence protection. But the stone masses, dispersed by waves, so this work repeated every year, and involve expenses exceeding 2 milliard Rials. Sea level rising has some consequences; water exerts pressure to power station basis. Sea waves attack after rise of water level in Neka region, will cause submerging of front filters of power station, also drinkable water wells near sea will be destroyed.

1-10- Some environmental negative effects of sea level rise 
1- Erosion of sand coasts and river's delta.
2- Submerging of west coasts and sea advance resulting from wind.
3- Wind-driven sea level rise about 1-2 meters causes sea progression in low slope coasts between 15 to 20 km.
4- Progression of water on oil rich regions beside to economic damages, causing coming out of equilibrium in existing alive creatures of sea.

1-11- Main factors menace the environment of Caspian Sea

1-11-1- Sea level fluctuations


 Sea level has fluctuations in various eras. In some periods this level was very low and in some periods was very high. This process, which always needed time, causes environmental variations and alteration in economic activities in the sea. One of the longest periods of lowering Caspian Sea level when started after 1930 coincided on execution time of soviet industrial and agricultural programs. Also changes in riverbed, artificial lake, dikes and human activities in these regions caused Caspian Sea water level to decrease to lowest value till 1977. But from 1978, unlike previous forecasts based on continuing water level decreasing till year 2000, sea water level starts to grow up incrementally, and averagely water level have been increased yearly 15cm. This status continued until 1995 and from this year, retrogression in Caspian water has been observed. Rise of water surface, has impose environmental and economical damages to coastal countries. Also transfer of industrial contaminating materials to sea and oil production in coastal regions, have been caused decreasing of alimental materials for fishes.

1-11-2- Environmental problems


  Almost until a decade ago, industrial sewage was main reason of Caspian Sea contaminations. Now development of hydrocarbons resources causes greater problems for future especially that oil production has transferred to sea. Negative effects of destroying Caspian Sea environment must not be disregarded, especially that Caspian offshore have significant potential power in non-oil production. In Caspian Sea region, despite of involving only 4% of total area of Iran country and having not any gas and oil utilization in this region, conversely 40% of agricultural activities are allocated in Iran. In the coastal regions, especially in Iranian and Russian side, much people live by fishing. Also Caspian coasts have attracts tourists from other different regions. So we consider that pollutions strongly have developing from north and people of the Caspian region countries may not be able to continue usage of sea resources which have potentials for developments in the future. Another effect of water contamination with oil pollutants or sewage is danger for marine organisms. Since crude oil is not a pure material, there exists a variety of hydrocarbon molecules with different physical and chemical properties, whenever sea water infected, it may be harmful in different forms for marine organisms. Some of oil components infect air and another parts form floating particles suspended in sea water. Part of these oil slicks absorbed by marine organism's and fishes skin and another part form sediments in seabed and infects seabed organisms and another part cover sea surface and form thin layers and partly prevents sunlight permeation. Parts of oil slick are to form bulks that by effect of water currents and wind go to shore side and cause contamination of these regions. Oil pollutions destroy marine organisms and coastal installments and ultimately have hazards for people health in coasts of Caspian Sea.

1-11-3 Oil and industrials activities 


  Heretofore oil pollution sources in Caspian Sea had related to oil domains in republic of Azerbaijan. Giving concessions for oil exploration and production in Caspian Sea, caused destruction of marine environment.
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Fig 1-4_ Image of oil pollution in Azerbaijan region in Caspian Sea 
1-11-4- Geological factors


  Some geologists negate effect of tectonic movements on Caspian Sea water level fluctuations. But there is a theory in this ground that volcanic ashes come out from cracks of the earth crust and occupy some volume of the sea. But these cracks are due to same tectonic movements. As mentioned above the geological factors have not markedly effect on the water surface fluctuations. Continental shelf fluctuations could have at maximum, one percent of total effect of natural factors and meantime it has being needed long time (1000 years minimum). Researches show that averagely continental shelf fluctuations is being 0.05 to 1 millimeter yearly, whiles water surface has fluctuations at minimum between 2.5 to 5.5 centimeter per year.

1-11-5- Earthquake factors


About earthquake role in Caspian Sea water surface fluctuations, it has been observed one intense rise and then descends in all stations of southern Caspian Sea at 1960. This quasi–Tsunami phenomenon was probably in relation with earthquake that 2 year sooner has recorded in Iran. Shelow has studied the relation between earthquake in the Caspian domain and volume balance components that after earthquake input water flow to sea from underground water tables. 


[image: image7.emf]
 Fig 1-5_ Image of landslide in Behshahr region in the north of IRAN 
1-11-6- Groundwater table 

 Tow currents has been controlled by pressure and tensile forces due to diffusion of water that clothe Russian cliff in south area and north skirt of Caucasus. While compressive stresses conquests, water flows to sea and in time of existing tensile stresses water flows from Caspian Sea to these cliffs. Therefore sea surface rises during pressure phase, and during tensile phase time, water surface is descending. Input flows and effective evaporation are more effective in water surface fluctuations and their values have striking difference with other components values. Also effects of evaporation from Caspian Sea surface is less than input flow to it, but have important role in Caspian Sea water level changes. Using formula below, we can obtain water level rising which therein ∆h shows measure of level increase.

   ∆h =R+ (P-E) + G – KBG


[image: image8.wmf]Table1-1_ Volume counterbalance components

	Components
	Input current to sea (R)
	Rain (P)


	Evaporation (E)
	Input Debbie to Gulf (KGB)
	Input flow groundwater


	∆h

	Values (cm)
	772
	195
	272
	37
	14
	-28


1-11-7- Human factors


  Generally, effects of human actions can have two features in sea level fluctuations in the Caspian domain. One feature is sea pollution via oil productions and sewage of factories that decreases evaporation from sea surface. Another feature is climatic effects due to using of water from land resources in central Asia and agricultural utilization etc. Researches show that if drainage domain of Caspian Sea was not utilized, the Caspian Sea surface was 11.5 meters upper than present surface [6]. 
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2-1- Introduction  

  Many years ago, fluctuations of Caspian Sea level has studied by scientists and its beginning was when it disconnected from open seas. Researches show that most water height happened in 1929, then reduced gradually and has arrived to 321 cm after 48 years in 1977. It means 6.68Cm each year averagely. After this year we are confronting with water increasing. But the speed of increasing with regard to water level decrease, reach to about double. So, increasing water level has reached to 123Cm from 1977 to 1987. And after this year water height increasing is continued. One of the most important characteristics of hydrological regime of this close sea is disconnection of this sea with open seas and oceans, and it may be the main factor of changing and fluctuation of sea level which happens not only yearly but monthly [8]. 
2-2- Investigation of changes of Caspian Sea water level

  The process of change in water level is investigated in long term- (historical), middle term-   (instrumental record) and short term- (storm surge) periods, also fluctuation forecasting must be done for same time period scales.

  2-2-1- Temporal changes 


  Usually, simultaneous effects of wind and marine currents causing temporal changes of sea level.

   A. Northwesterly winds can push water backward to 2m in northern Caspian Sea or can take down water around islands near coast and conversely southeasterly strong wind may pull-up water up to 2m.

   B. The Volga entrance current flowing to sea from two points (north western and northeastern). Another current is happening in the south. In winter because of temperature difference with lower layers there exists vertical cycles as convective currents in the south. 
2-2-2- Seasonal changes

 As it named these changes are performing in seasons, in view of climate, maximum water entrance happens in winter and spring seasons, and the increasing process occurs during Feb. to May. In summer it is seen water decreases during Jun. to Dec. In full water seasons simultaneous parameters meteorology is caused overflowing water and its level changes.

2-2-3- Monthly changes

These changes resulted from hydro meteorological factors and also it depends on rainfall season, snow melting and other factors. This change, with 26 cm height of water haven’t any problem but annual long term changes  of water level by 3m and  more is important and it is necessary to find basic solutions.

2-2-4- Long term changes in decades or centuries

 Long term changes of Caspian Sea level have been occurred during many years or many decades.
          A very important and effective factor is long term atmospheric or climatic change. This fact is accepted by different scientists. These changes are existed in the world in definite 11-, 22, and 80-year periods because of the changes in sun situation which could be effective on Caspian Sea and its level. Three kind of changes mentioned above (especially water reduction) is completely sensible in northern region which have little depth. But in the south because of large depth only temporal changes are important [6].

2-2-5- Comparing graphs of some effective factors on water level fluctuation

Notation to atmospheric systems acting in north of Iran during cold and warm seasons shows that rainfall and evaporation fluctuation can be regarded as most important reason for water level fluctuation in Caspian Sea. Synoptic data of 5 coastal cities (Babolsar, Raamsar, Gorgan, Rasht, and Anzli) have been analyzed by the Excel software in order to study these changes in sea level.


 Babolsar: Precipitations are showing the rate of rainfall has noticeable fluctuations in recent 6 years relative to many years average. In warm season six year average have not noticeable difference relative to normal. But in fall season shows noticeable increase. The most increase occurs in Nov. at cold season. The temperature graph is showing that no noticeable difference between six year average and normal existed. Only a bit increase is apparent. In precipitation trend observed some increase. 
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Graph 2-1_ Comparison of parameters by normal amounts in Babolsar

 Raamsar: With regard to precipitation graph it is seen that in summer six year average decreased relative to normal and in other months increased. Most decrease happened in Aug. and Sep. The temperature graphs show small increase of temperature in all of months except Sep. and the most rate of increase was in Jan. Graphs show that temperature increase is more in winter relative to other seasons. In precipitation graph decrease is seen.
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Graph 2-2_ Comparisons of parameters by normal amounts in Raamsar 
Rasht: Precipitation records show that in all months the rate of precipitation has been increased except in Jan., Jul., and Oct. Temperature records show that it have been increased in all months except in Jun. in which it was at normal. In cool season the most increase has occurred in Feb. and it was more in cold season relative to warm season. Precipitation trend have no noticeable differences but only a bit increase. 
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Graph 2-3_ Comparisons of parameters by normal amounts in Rasht 
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Graph 2-4_ Comparisons of parameters by normal amounts in Gorgan 
Gorgan: Precipitation graph show that six month average has been decreased in most of months relative to normal and it was more decreased in Oct. Precipitation decrease in warm season was more than cold season. Temperature graph shows that its six year average is less than normal rate for four months and in other months is a little more than normal rate. Graph of precipitation has decreasing trend. 
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Graph 2-5_ Comparisons of parameters by normal amounts in Anzali

Anzali: Study of precipitation graphs shows that six year average of rainfall has decreased in all seasons and months except in Sep., Nov., and Dec. and the most decrease has occurred in Oct. Rate of precipitation was less than normal in cold season except in Nov. and Dec. But in warm season it was temporarily decreased or increased. Temperature graph showing that six year average was increased very little in all months relative to normal; the most increase was in Feb. Precipitation graph shows decreasing trend.

2-3- Study of main reasons of Caspian Sea water level fluctuation

2-3-1- Earth warming

In recent century because human action. For example, the use of fossil fuels, jungles annihilation and farming action and chloral fluorocarbon (CF) production, Greenhouse Gases concentration NO2, CO2, CH4 has increased in atmosphere of the earth. Probably, it has estimated that with carbonic gas concentration double sphere of the earth average temperature 2-5 degree will increase in recent hundred years. If this greenhouse gases on increasing process so continue it will double on rang year 2030 that its effect will detect the sphere of the earth climate condition in next multi years. The high concentration will lead to stratosphere codling atmosphere warming and fallout increase and the water of seas level rising.
2-3-2- Greenhouse Gases increasing
The scientists using research that has been doing on the public current models have obtained below logical results:

-With greenhouse gases concentration increase in atmosphere earth, surface of the earth temperature will increase that it can cloud production increase cause.

-The sphere of the earth climate variations do not detect immediately next to greenhouse increase, oceans and atmosphere and plants may delay greenhouse gases increase effect multi decade and until half 21 century. 
-The sphere of the earth temperature rise will increase absolute humidity and precipitation value will add and partly from sea ices value will decrease. High temperature may glaciers fusion cause and so water of seas rise and water full of rivers cause. This theory believe that sea level may lie 0.2 until 1.1 meter more than now condition until year 2100.The scientists know with note end case, water of Caspian sea rising due from rivers that strew to this sea. Some researchers also believe that the water rivers are strewing to Caspian sea rising, specially Volga river play much important role for this case so that water variations that strew from Volga to sea, from 280 kilometer to 360 cubic meter can basic factor in water of Caspian sea rise or fall.

-Air pollution and CO2 gas increase earth warming cause and glaciers fusion and precipitation increase that result KHZAR basin north rivers water full and by Volga River strew to Caspian Sea.

2-3-3- Oil pollution

Crude oil have poison combinations to different properties for marine organisms that some of they dissolution in the water body, some of they evaporate on the water surface and some of they apparent to form oil slick on the water surface, and some of they sedimentation in the water and deformation sands to sand bombs. Region contaminated because detection oil reserve in Caspian Sea and it extraction by republic of Azerbaijan and Kazakhstan. But marine oil pollution in side of Iran is more because discharge and transportation of ships, that developed imbalance in environment of region to less depth of 50 meters. Increase oil pollution is dangers because up well seawater. If increase sea level in range –26 meters, complete oil domains go sub water. Study marine oil pollution is significant, because these combinations prevent diffusing light and gas exchange and production food materials. Sea surface is covering to oil materials and is inhibiting of exchange between sea surface and seabed and ultimately prevent energy exchange between water and atmosphere and decrease evaporation, product oil pollution variation water physical and chemical properties and marine biology and prevent evaporation. As is closed Caspian Sea and as is evaporation only outgoing way, thus evaporation decrease is significant seawater fluctuations.

[image: image29]
Fig 1-2_ Oil pollution in results transportation ships in Bandar Turkman
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Fig 2-2_ Oil pollution in results transportation ships in Bandar Anzali

2-3-4-Earthscience factors

Some from scientists and geologists country has propound the water of seas rising theory and its connection with earthquake and volcano and believe if rivers imports increase water of Caspian Sea rise cause this surface in each point must fix. But measurements show that there is high difference in water of sea rise. If such problem be true probably water of sea level rising can be earth flattening and folding cause. And with note the our country lie under two press one page of Arabian move and rotation and other page of India ocean displacement, this flattening between two north and south boundary crust of the earth thickness increase cause and finally bed rise. But this topic is uncertainty case for below causes and water fluctuation could not justify by it:

-It been needed much time for geomorphology variation arrive, that it is not comparison tailored with time 40 until 50 year.

-Continuous sounding and measurement with tool of new scientist has not show any considerable metamorphism and even small metamorphism [13].
2-4- Study of Caspian Sea fluctuations in different periods

Obtained results from studying Caspian Sea fluctuations, show that its fluctuation amplitudes contains various intensity in time scale. While in historical period estimation the maximum fluctuation amplitude is13.69m, instrument-recording period about is 4.42m and also maximum storm high tide is estimated by a hundred *retention is about 1.47m. Moreover the above cases, Caspian Sea level have seasonal fluctuations. Therefore, for steady offshore development it is necessary to take a strategy that while desirable using of costal regions, lowest damage occurs from fluctuations and yet lowest damage to environment.

2-4-1- Study of Caspian Sea level in climate periods

As we say before, Caspian Sea level variations mostly depend to input of rivers strew to sea and evaporation intensity. From the other side, short time sudden fluctuations originate from hydrology and meteorology component and factors are observed in costal regions, which depend to climate conditions of different costal regions. So these events in different regions have different results.

Historical fluctuations of Caspian Sea level show that in a 2200 years period (with ten years accuracy) fluctuation amplitude of Caspian sea level is more then eleven meter 
(between –22 till –33 diagram 6-2). Also in this time period 38 climate periods are observed in Caspian Sea level variation that in 15 periods are about increasing, in 15 periods decreasing and 8 periods have a stable amplitude (an amplitude that its level has fluctuations lower then one meter considered as a stable level - Marlin 1994). 
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Fig 6-2_ Caspian Sea level fluctuations in year 2200 historical period 
Caspian Sea historical fluctuations behavior model shows that its fluctuations have a gradual random state. This means that in 300 till 350 years time approximation series of fluctuations are observed. As an example, water level variation shows such period recursion from 1930 till 1995 years. In these situations Caspian Sea water level are strongly arising and descending. Against, between these strong fluctuations, in higher surface water level, three fluctuation periods are observed, which their frequency is about 80 to 100 year. Instrument recording period of water level fluctuations in recent 160 years in addition of showing a random state form of Caspian Sea water level, shows a regular fluctuation period between 1850 till 1930. 
Diagram of Caspian Sea water level in instrument recording period shows that level variation in multiyear periods also have different intensity. As a generalized glimpse the following periods are observed: 
1. From 1838 up to 1929, Caspian Sea surface has been fluctuating between -24.80 and -25.9. (1.1 meter is fluctuation amplitude). 

2. From 1930 up to 1941, much more decrease in Caspian Sea level has seen which about 1.6 m is and its average in a year is 13.5 cm. 

3. From 1941 up to 1977, Caspian Sea level have be moving to back, while has had more less intense in comparison to before period. In 38 years, its level decrease is equal to 1.4 m which is 3.6 m in a year. 

4. From 1978 up to 1995, Caspian Sea level has been strongly rising which is equal to 2.4 m and 13 cm become grow in a year. In two recently decade, its movement to front surprised all men however had aware about it’s backward in 1930 up to 1941. 

5. Eventually since 1996, it has begun its backward. 

As we want to gain validity fluctuation amplitude for sea water level, it is necessary that consider all aspects. Since historical fluctuations of Caspian Sea level assume to be accurate in a ten-year- period, it is being required that to be having a deviation of Caspian Sea in a ten- year-period. Fortunately, in a recent 160 years ,all measurements are good guide for estimating  of a ten years deviation of Caspian sea that is nearly 0.60m .Also Caspian sea has seasonal fluctuation and it’s fluctuation amplitude for period of  instrumental record  is about 0.21-0.46 m. thus in the historical period ,a  fluctuation amplitude of  instrumental record  is -20.96 up to -34.63 m that  its level difference is 13.69 m. 

2-4-2- Investigation of Caspian seasonal fluctuations

Caspian Sea fluctuations also seem to be seasonal so that in the heat seasons due to river input will increase, then Caspian water level will rise and in the cold seasons, its level will reduces. Note that the average of seasonal fluctuations follow several regular sinusoidal models while in the different years seem to be more asymmetric. To addition above cases in which Caspian Sea fluctuation depend on sea water amount variability conditions, we can sea another suddenly changes  such as phenomenon of storm flow, coastal waves, and river uprising that among them a storm flow phenomenon has remarkable effects in the coastal regions. From estimating for North and south of Caspian (CIP, 2001), the maximum storm flow with a 100-year restoration period for Kazakhstan coasts at the back region is about 1.4 m, for coasts of Iran at Astara is about 1.47m (Table 1-2).
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Figure7-2_The Caspian Sea level changes in the period of instrumental record (1837-2000).

Table 1-2_ The Quantities of storm flow for different regions at centimeter
	Turkmen Port
	Nekaa
	Nooshahr
	Anzali
	Astara
	restoration 
period

	74-79
	70-75
	69-74
	70-75
	112-117
	10

	82-87
	77-82
	74-76
	77-82
	124-129
	25

	88-93
	83-88
	76-81
	82-88
	133-138
	50

	94-99
	89-94
	87-92
	88-93
	142-147
	100


2-4-3- Investigation of Caspian Sea fluctuations in the period of instrumental record

Fluctuations in the period of instrumental record show that the most occurrence of sea water level was higher than -26, and also its fluctuation amplitude were between -24.46 and -28.88m. Therefore this amplitude is equal to 2.42.Also from prediction for the sea water forward, the highest sea level up to 2050  will be being shown that is equal to -21.8m.Thus we can determine the operational limit of the highest of sea level for mean- time and long- time (historical) periods. 

In addition, a short- time period of water level which in this study comprises storm flow, in the south–east coasts with a 100-year-restoration period is 0.99 m at Turkmen region. Thus with accounting all effective factors, the most amount of sea water high at south-east coasts from three different viewpoints based on historical fluctuation amplitude for instrumental record period will have shown at table 2-2 [9]. 
Table 2-2_ the most amount of sea water high at Caspian Sea south-east coasts (Turkmen part) from a historical period, instrumental record, and prediction

	fluctuations
	maximum
	Maximum level with accounting to storm flow

	Maximum historical level

Max +a ten –year deviation & seasonal fluctuations
	-20.96
	-19.97

	Maximum level of prediction up to 2050
	-21.8
	-20.81

	Maximum level of a recent 160- year + seasonal fluctuations
	-24.46
	-23.47


  
2-5- Lateral investigations of Caspian Sea water level

2-5-1- Impact of human interference on Caspian fluctuations

One of effective factors on water level is human interference that in order to investigation the amounts of natural changes of Caspian Sea south coasts have studied Noor coasts with a 11-kilometer long and nearly a 320-hektar area.  

For investigation of time changes at a 14-year period (1981-1994), we have been using GIS and air photos. The results of studying are indicating that changes and evolutions in this period were very high so that, the amount of forest territories and natural coverage decrease from 13.5 to 4.4 hectare and in this period about 84.5 hectare of coasts submerged .also, nearly 107 hectare of coastal territories deformed and 35 hectare being increased to building.

The result indicated that changes of human interference in comparison to natural changes are much more intensity and it is required to improvement coasts in order to mention and prevention from economical and ecological destroys.

Investigation of recorded information at gauge stations show that Caspian Sea water fluctuations have different changes and sometimes move to front and sometimes move to back. In figure 8-2, you can see Caspian Sea fluctuations in an 80 years period. On the other hand, in conjunction with this increase, about 778 km2 from our country's coastal lands have 
submerged [8]. 
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Graph 8-2_ Caspian Sea fluctuations in an 80 years period
2-5-2 Investigation of Caspian Sea fluctuations from the viewpoint of sediment science

 As is apparent, how the major and secondary elements distribute by sediments will distinguish how its changes have being shown in figure 3-2 From this picture, you can recognize the different anomaly including environmental pollution so that this pollution have sea inner source or outside of it. In given figure, the different elements have being shown. This is in 1/10000 scale. A point of red color is indicating more sediment which is due to river runoff. Therefore, in this region, there is more erosion. In the north coast, more grain sediments and more extending lands mean that sea level has decreased [37]. 
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   Fig 3-2_ you can sea how sediments impact on sea level at climate periods at Anzali port 
2-5-3- Investigation of Caspian Sea fluctuations using satellite Images

Caspian Sea water level fluctuations and its effect on either area decrease or increase by satellite images at four different periods within a past 50 years have been showing in figure 4.2. The first image in right hand is showing an air photo and the reminders have been taking by satellite. At the first figure in left hand which was given by Land sat satellite in 1988, you can sea a prominence in the middle of figure which has been demarcated by two letters A and B. In this figure, extending water level and decreasing prominence region have being shown. The second image in right hand is showing to come up water level at Gorgan gulf. Points of A and B have equivalent geographic coordinate that respect to upper image, some parts of it submerged. Hence, water level more comes up (Land sat satellite, 2001).

But, its left hand image that was given by Aster scanner in 2004 has better resolution and we can see as well that water level more come up again [4]. 
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    a. Image of air photo has been taking in 1334.                         b. Given by Land sat satellite in 1988     
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     c. Given by Land sat satellite in 1988                                d. Given by Land sat satellite in 1988

Fig 4-2_ You can sea how area changes by using satellite images 
2-5-4- The effects of water level long-term fluctuations on deforming of bottom in the mouth of Caspian Sea Rivers

  Sea level fluctuations will be causing water level change in the edge of delta toward sea and in part of river delta. This process causes both to erosion major bottom and to gather river flow into it and to dry side waterways or to gather alluviums and to revival side waterways. The effects of these factors in the mouth of different rivers are varied. In 1930s, the sea water level decrease amount of 1.8m is leading water level decrease in north part of marine edge nearly 1.1m. When water level becomes less than 27.6 meter, its decrease cut off. The average of years between 1940 and 1970 for water level at shallow water has been being -27.5 up to -27.5.In 1970, when Caspian Sea level increase, the different between the marine edge of delta and the marine edge of Volga mouth are nearly 2 meter which gradually has submerged due to rising water. In figure 5.2, the changes of Sefidrood have been being shown which is given by satellite for 20 years. Every time, will have been being considered how delta changes. It means is sometimes the river and sometimes the wave will have been prevailing. The changes of delta edge in different positions have been showing. Therefore in a long time; the changes of delta are vast which except its track in future will not couple with its track at present. By the way that breakage of Sefierood east part is located in its past track and because of deviation of river track, its track has moved. Aware about this subject cab be important to management coasts [37]. 
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Fig5-2_ These pictures are showing how the Sefidrood delta changes.

2-6- Investigation of the possible destroys on coasts

  To consider the probable destroys on coasts in view years, we choose different units that include forest areas, shrub coverage regions, habitable regions (including  all units of chief city, town, village, villa, and different buildings of sea coasts) office-commercial regions, gardens, garden-villa, limited un-building regions, and free coastal regions (graph 9-2).

Thus the amount of natural factor effects on Caspian Sea level have shown that 15.7.6 hectares of coastal lands, 17.20 hectares of forest spots and plant coverage decrease to 4.4 hectares from which 77.8 hectares of coastal lands have changed by sea and nearly 29.76 hectares of coastal lards and 12.8 hectares of forest sports and plant coverage have changed by human factors. 

As a result due to changing positions of a 108 hectares of coastal lands and  13 hectares of forest sports and plant coverage and on the other hand due to increasing nearly 35 hectares of buildings in the area can embody a new image from  studied region and from its size can find that how much destruction is caused. [10]
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Graph 9-2_The changes of coastal units in two periods (1981-1994) 


3-1- Presentation of probable effects of scenarios in the Caspian area 

1-1-3- By noting that we are in phase of enhancing of sea level in Caspian Sea, and the fluctuations occur in long periods, water level may come down but it's rate will not be appreciable, and enhancement will occur in form of fluctuations, if we note the period of recording fluctuations by devices, the annual mean of Caspian level reached to -24.80 m (open sea) in 1882 and relative to 1995 it is about 1.35m higher. Our studies reveal that water level is raised from water year. (2002-2003) and continuing now, which is predicted to be 16 cm. 

Last report of annual water level which is issued by the Caspian Sea Research Center was about last water year (2004-2005), in which claimed that mean water level is raised about 16 cm relative to 3 years ago. But so Caspian Sea is now in its rich water phase and last 3 years reports reveal enhancement of water level, it is predictable to be continued this raising trend in coming years. So by attention to raising trend of Caspian Sea level it will be needed to alarm to authorities if the trend will continue [8]. 

2-1-3- One of other important items about Caspian Sea level fluctuations is predicting it for coastal programming. In past years because of special sensitivity to rising of Caspian Sea level, especially between 1990 till 2001, about 20 kind of prediction for sea level has issued. More of these predictions show rising of sea level, but only one model which issued in 2001 shows backing trend of sea water till 2030. The predictions are ultimately to 2060. Only one model predicted for year 2050 amount of -21.8 m for sea level (relative to Persian Gulf by 
Mr. Budiko) [9].

3-1-3- Russian scientist Berg issued his results of studies about Caspian Sea in a historic period in 1934 and concluded from old maps and documents relating to years 1550 to 1830 and from recorded amounts for after 1830, that some kind of cycles characterizing by relative maxima of sea level in years 1650, 1770, 1900 and minima near to 1590, 1710, 1970, 1840 have existing. By this opinion mean length of each period is 120 year. Also he predicted that in 1960 and 2008 sea level reaches it's minimum and in 2020 and 2140 have its maxima [6].

4-1-3-Huntington et al in their studies concluded that from 1556 to early 19th century about 4 meters by mean, Caspian Sea level raised and then lowered regularly till 1950. Main cause for sea level changes is lack of balance between input water of rivers and precipitation and amount of water decrease by evaporation due to sun shine [6]. 

5-1-3- Experts of the former USSR claimed to their Iranian colleagues that by their studies and conclusions the Caspian Sea level will raise by 10 meter till 2050 relative to now. But by refer to report of Iranian expert team, nobody agreed or disagreed it. Writer of the report adds in end that Caspian Sea fluctuations are remained as a complicated scientific problem, and it is probable that other factors beside of known factors by now will exist [6]. 
6-1-3- The scientists of Baku center of researches for Caspian Sea believe that the raising of sea level will continue till 2010 to above 5 meters. Azerbaijan and Turkmenistan experts believe that till 2010 raising of sea level passes 5 meters extent (till 2005 about, 1.5 m rise) [5]. 
7-1-3- Kazakhstan institute of scientific researches of weather predicts level of Caspian sea have return periods of 100 and 1000 year and concludes that till 2005 climate changes will be insensible and till 2020 because of enhancing water consumption will have not considerable changes, Ultimately, based on probability theory, insured level for building activities, predicts -26.2 m for year 2010 [6]. 

8-1-3- Moscow institute of water claimed that studies reveal that without information about Caspian sea evaporation regime, we cant get a precise analysis about coming levels of water, and recommended processes based on measuring, modeling and concluding by help of time-series [6].

9-1-3- According to Earth warming and enhancement of green house gases which mentioned before, IPCC that if CO2 rate reaches double amount, mean earth surface temperature will rise about 1.5 to 4.5
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. Rising amount of CO2 and other greenhouse gases will rise up sea level about 50 to 200 cm till 2100 [15].

10-1-3- Researchers of Caspian center in Russian federations predict and issue their opinions about water level changes trend in Caspian technologic-economic Report. All though the studies done in various circumferences, but the analysis has been done for one probable state (consumption of 35-40 square kilometer of water per year). In these circumstances it is predicted that rising trend of water level will continue till 2010 to -25.52 m which is 1.45 graters relative to base year (1992) (1-43 m above to mean water level in water year 1999) [14].

11-1-3- Golistvn etal studied 13 general circulation model running in 1995, which all of them have been used in simulation of water balance of Caspian Sea basin in project of inter comparison of relating parts of atmospheric model. Their understanding from the models was that, although output of models present more than real level of water, selecting a grid of better resolution would simulate seasonal hydrologic cycle of basin and continued water level rise. Golistvn et-al understand that precise simulation of water balance in Caspian Sea basin relates widely to general model of ocean and introducing proper sea level and natural geography in the model [15].

12-1-3- Studied and analyzed hydrologic cycle changes over many basins including Caspian Sea basin. They estimate rising of water level because of enhancing of Volga River output due to changes in winter cycle caused by more precipitation in the region. So they note to that point that because of their true ness of results determined by  selecting of relatively large resolution of model, Caspian sea wasn’t lie in this resolution. Similarly, using 21st century global climate models, "Morhof" et-al understood in 2006 that enhancing of precipitation for winter in Asia and north Europe which contains Volga River and Caspian Sea. What we understand about CSL decrease from this project is in contradiction with what evaluated "Arpi and Rockner" in 1999 and its major cause is evaporation from sea surface which wasn’t accounted before. Evaporation from sea surface is and important in energy of basin water, and in total average, 40% of total portion of evaporation from earth and plants to atmosphere lead to CSL change. Although the rate of decrease in CSL which we gain from the project for coming century is not fast as past (2 meters decrease in 1930 decade),  continued decrease in few  decades will lead to a high decrease about 9 meters in end of current decade which will probably continue after 21 century. This object produced some stresses and that the result will probably depend on scheme used and uncertainties which relate to regional climate change simulation [15].

3-2- conclusion

Regarding geographical position of Caspian Sea, permanent effects of weather and climate, and geological parameters governing in the region, also by notation to governing effects of oceans on global weather, it is obvious that study of climate and prediction of its future has special importance. So to reach the aim and to access to more precise results, it is needed to perform a complete project by cooperation of related national organizations and international committees.
Because of locating Caspian Sea in its enhancing water phase, and because the sea level fluctuations take place in long periods, although it may low down the sea level temporarily, but it rises in long time and in form of fluctuations.
Studies reveal that in few recent years 2002-2005, about 15 cm has been recorded for Caspian Sea level rise, so the Caspian Sea is now located in its rich water phase, and recent few years statistics approve this rate of increase, we can forecast increase of sea level in coming years. Anyway with regard to gradual rise of sea level, in case of continuation, it is possible to issue needed warning to authorities.

In recent years because of special circumstances of rising Caspian Sea level, some predictions for sea level are done which demonstrate rising of sea level and one model shows backward motion of sea, but if base of professional work be study of one of statistical methods, it seems not to be correct these forecasts by a reliable confidence, because the Caspian sea level besides of climatic effects, is under influence of human  activities, and work of well known world scientists during 27 years on climate item in "world environment research program" which is depend on world meteorological organization and international oceanography commission and international union of scientists (ICSU), is a good example. So if the trend continues, we forecast for coming ten years that the sea level rises at same rate of past ten years.


4-1- Introduction

What we say about problems raised from enhancement of Caspian Sea level and ways of prevention, resulting to Co-operation of all countries around Caspian Sea (Iran and marginal states of Caspian Sea) needed. So interrelation is needed, that is we must aware of their natural circumstances and results of researches and actions, and they must aware of our circumstances, actions, and effects of sea level changes in order to be able to issue ideas and doing needed works.

4-2- Needed actions for control of Sea level and opposing damages due to it

1-    Installation of an international center for Caspian Sea researches.

2- Collecting all data and information in all backgrounds. 

3- Computation and study of hydrological, meteorological, and environmental parameters of the region.

4- Using mathematical models for prediction of sea level changes, computing wave height and velocity and other needed marine parameters.

5- Planning needed structures for preventing damages due to sea level changes.

6- Co-ordination and harmonize relevant organizations and administrations. 

7- Utilizing other countries experiments and resources and establishing close connection with neighbor countries via sessions  like “CASPCOM”

8- Establishment of meteorological, marine hydrometric stations and supporting research buoyant.

9- Establishment connection with universities of the country and using their potentials for training of needed experts. 

10- To supply large scale maps using satellite pictures which are needed for new coastal installments and basic prevention of damages due to sea level rise.

11- Caspian Sea basin monitoring using satellite images [6]. 
4-3- Hierarchy for needed actions 

Removal of damages arisen and the most important among others, maintenance of coastal structures divided to 3 branches due to their special economic and social importance which must be maintained:
The first group: Areas and Installments which are public as coastal margins of coastal cities, markedly Astara, Anzali, Kalachay, Chaboksar , Tonekabon, Noor and Babolsar from west to east.

The second group: Areas and installations which are governmental

The third group: Areas and installations which are not included in the first nor in the second group, such as farms, forests, habitation areas, stores, workshops, etc.

Regarding to financial shortages, governmental managing specialist, newness of the article, shortage of machines an instruments for this object, it is better to classify and execute maintenance operations based on above order [6]. 
4-4- Needed maintenance operations

1– Continuing coast construction and intensifying its financial resources in order to speed up the activities.

2 – Development of existing drainage and constructing new drainages in order to maintain coastal land and preventing them from immersion and enhancing salinity.

3 – Implementing proper changes using new technology in water refinery and evacuation of waste water of coastal cities such as using poly technology and recycling systems.

4 – Preparing rules and laws for prevention of people from aggression to legal sea margin.

5 – Proper training of people about marine environment and its protection.

6 – Preventing outflow of Iranian rivers to Caspian Sea and using their water for agriculture, cities, and industrial centers via establishing dams, harbors, etc [6]. 
7 – Co-ordination in management, protection, extraction, and utilizing marine alive resources.

8- Co-ordination in execution of rights and duties concerning marine environment protection. 

9- Co-ordination in scientific research policy and if needed in cooperating to scientific researches in the region.

10- Inviting other interested governments if needed, or international organization to cooperate in progression of basic laws.

11- Precise and cautious use of water resources of the region.

12- Rights of each country for development to the extent that no damaging affect occur on other countries.

13- Free shipping in all rivers of the region.

14- Improvement of health and establishing a basis for transportation and   communication.

15- Encouraging cooperation in common research activities.

16- Cultivation of tourism.

17- Installation of few standard buoys for performing research activities which lead to use in operations containing shipping, offshore oil industries, tourism, fishing,  …, seems much necessary [11]. 
18- Study on a data bank proper for wave climate in Caspian Sea which is very useful and needed for planning and establishing marine structures.

19- Establishment of a managing system for monitoring of fishing and sharing it and preventing smuggled fishing. 

4-5- Effective operations for preventing water level decrease

Deviating and transporting water of rivers which enter to frozen North ocean, to the south to destination of Caspian Sea, closing entrance way to Gharah Boghaz Bay, using mechanical cover to prevent evaporation and drying some parts of shallow eastern and north eastern coast, which are  some of actions which would be done for preventing evaporation. Easier and lowest cost plan is prevention of entering water to Gharah Boghaz Bay. But a few years after, when negative effects of it revealed, it permitted enter of water to the bay by rate of 1.5 km3. 
4-6- Effective operations to preventing progress of water

To prevent sea water progress, which encountered Iran and Republic of Azerbaijan with most damages and in last years destroyed much houses and/or trading or office buildings or fishery places, different plans and opinions were presented. Among others, common plan of Turkmenistan and Kazakhstan for establishment of a canal of 300 km length between Caspian Sea and Aral Lake for water transport. Aral lake in contradict to Caspian Sea had an intense deficit about 40 percent of its original area. Apparently Iranian experts have presented and alternate plan (exchange of water between Caspian Sea and open seas) for transportation  of water via  powerful pumps and wide diameter pipelines to kavir-e-loot of Daryacheye  namak of other areas of low water or arid, and  to construct artificial lakes. Continuation of sea level rise in many years which led to progression of sea into coasts imposed remarkable damages to these areas. Although some researchers, experts and research centers appointed to social and economical problems which arisen because of this event, but their reports were not comprehensive.

4-7- Managing recommendation 

To peaceful coexistence with fluctuating Caspian Sea level. We must divide the range of fluctuations into four areas: forbidden, indigence, caution and confidence. In this direction below suggestions can play important role in optimum management of these lands and best utilization of them and prevention of change in coastal lands [11]. 
 1- Laws about sea margin and in use Caspian Sea coastal land must reviewed, note that in two last decades because of sea progression, they became actually inefficient.

 2- It suggested also that in legal bounds of the sea, every kind of building construction be forbidden unless permitted by law.

3- In coastal range and out of legal sea bounds, it is necessary to classify lands by attention to their level height relative to sea level and vulnerability risk.

4-By marking of lands from viewpoint of utilization and vulnerability risk on regional maps with proper scale, and after passing legal stages of approval and communication to executing organizations of coastal provinces, circumstances of new constructions be defined and come into action by regard of their economic value [10]. 
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