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1 Introduction

1.1 Overall Goal and Objectives
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This work initiated and financed by UNDP-GEF at the Programme Coordination Unit in Baku from the Caspian Environment Programme has the overall goal of assessing most important impacts of possible future inundations of the Caspian Sea on human and natural environment. 

Map 1 Topography of the Caspian Sea 

The most comprehensive work has been worked out Kaplin (UNEP, Geneva 1997). The topics of these investigations over al long period are focused on some of the issues that have to be addressed in this current work. This work did not include a concrete spatial analyse of damages for certain objects. The objectives for this study therefore had been:

· To develop a methodology for spatial investigations of potential inundations;

· To gather data for all five littoral countries in the same matter concerning certain water level stages, types of objects, scales of maps, assessment;

· To combine all cartographical results and design a GIS for the entire region; 

· To Illustrate the possible damage of coasts an their population and living conditions; and

· To assess most important regional consequences and measures for human and natural environment. 

The importance of this work therefore would be to stimulate in the frame of the TDA process a discussion about the most important outcomes and recommendations. Subsequently the next steps have to be defined:

· Detailed further regional investigations

· Information to most important governmental institutions in each country, emphasising local authorities;

· Planning of measures for re-settlements, new or re-built of constructions of dams, roads, bridges, port facilities, sanatoria, residential houses by local governments;

· Providing a regional Caspian seminar for governmental participants; and

· Development of regional Caspian inter-state working group.

The current study presents itself only the first approach to define the most important issues. It has to be developed in a larger scale. Obviously this work needs firstly further investigations in order to verify the results concerning:

· Climatic probability of further inundations;

· Spatial effects (due to the scale of this study detailed investigations in all areas, especially in the supposed conflict areas); and

· Impacts on certain objects (as transportation network, settlements, industry).

Further work has to include funding needs. The oil and gas sector extremely fast developed in the past ten years around the Caspian Sea should support this urgent task. This is not only due to the situation that many recent wells and oil and gas industry facilities were established particularly in the coastal region.   

1.2 Technical Works 03-12/2001

The work made by a team under the lead of the international consultant. Terms of Reference had been compiled, agreed with the UNDP project at PCU Baku. The nomination of national experts by the CEP National Focal Points were organised in this first stage. 

The data gathering work as second step was started in May/June 2001 in each country. Data were delivered in analogue (Azerbaijan, Islamic Republic of Iran, Russian Federation, and Turkmenistan) and digital (Kazakhstan) format to CCCD Ashgabad. The most important topographical and thematic information of following objects of natural and human environment were established into copies of mainly topographical maps 1:200.000:

· Rivers and other water objects;

· Nature Conservation and other protected areas;

· Important land use areas;

· Settlements (and their population) and transport facilities;

· Industrial objects;

· Polluted areas; and

· Cultural heritage objects.

The results had been sent to the Caspian Centre for Combating Desertification in Ashgabad
. The designing of the inundation area forecast map was organised by Tacis project at the PCU Baku in May/June 2001. The GIS expert of CCCD Ashgabad predominantly made the third step operating and producing all maps and remote sensing images. The last material had been received in November 2001
. 

1.3 Methodological Approach

The general approach for this study was to present firstly the most important issues of past inundations for the better understanding of the probability of future inundations (part 2 – Historical Review). 

Secondly the next chapter aims to describe the applied investigation methods of designing the affected areas (part 3 – Forecast of Potentially Inundated Areas). This work results in an inundation map illustrating the most affected areas. Some insufficiencies here were arising from the scale of investigations. The inundation forecast of supposed stages of sea water level therefore is only the first output. The results of this assessment have to be investigated in detail in a smaller scale. 

The main chapter is part 4 Regional Inundation Situation. The most affected 15 conflict areas had been identified and investigated; the potential impacts on most relevant objects of natural and human environment had been assessed. The assessment applies three degrees in the following matter:

Table 1 Degrees of Impacts on Natural and Human Environment

	None/slight
	Only some impacts mainly on natural or economic objects and activities

	Moderate
	Damage of technical facilities possible

Deterioration of traditional land use as agriculture

	High/very high
	High number of affected population 

Big/large extent of flooding on economical objects

Damage of roads or railway line from national importance

Possibly induced pollution of the Caspian Sea


2 Historical Review of Past Caspian Sea Flooding

2.1 [image: image9.jpg]


Medium-Term Fluctuations – Transgressions and Regressions 

Inundations of the Caspian Sea are regular hydrological phenomena. All climatological and/or geological changes but also human activities in the Caspian catchment area can result in different run-off to the Sea. Investigations made by the CEP Water Level Fluctuation Centre in Almaty (Kazakhstan) result an increase beginning in the late seventies of the last century.  

Map 2 Annual Rainfall Changes 

The map gives a small-scale overview to the increase of rainfall in the Volga River catchment area (red coloured areas northwest of Caspian Sea). 
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Such climatic changes can be observed since 200 years – not only for this area - and must not yet caused only by the recent investigated and discussed “greenhouse effect”. But naturally this may have an effect. 

The effect of changes in evaporation from the surface of the Caspian Sea itself has been investigated also by the above named CEP centre in Almaty. Map 2 shows the decrease of the evaporation at the same time (when the rainfall was higher as usual) from the sea surface:

Map 3 Evaporation from the Caspian Sea 

In order to understand the interrelations one has to look to the period in the last century with the highest fall: Only in six years the water level was falling with 145 cm! This was caused by the decline of the total river inflow to an average of 222 km3/h. In comparison to this period the past transgression from 1979-1994 with 303 km3/h was 36 % higher! Table 1 shows the last 150 years.

The water is running to the Caspian Sea mainly from the Volga River (80%), Ural River (5%), all together 5% from Terek, Sulak and Samur, Kura River (5%) and the Iranian Rivers (totally with 4-5%)
 to the so-called “end-lake” with a certain basin and a relatively small volume reacts very sensitively with water level fluctuations. 

The today 2001 water level is about –27.0 m. In the past 150 years the water level has been fluctuated between –29.5 as minimum level and –26.5 m as the maximum water level. Despite recent gaps in the understanding of the Caspian Sea water level fluctuations (as influence of geological issues, radiation reflexion (“albedo”) changes of the sea water surface due oil or other pollution, water management in the Volga “cascade” reservoirs, ground water) the following issues are clear:

· Fluctuations are naturally elements of this large inland lake;

· Water level fluctuations resulting the inflow (rivers and rainfall on the sea surface) and outflow (mainly evaporation from sea surface); and

· Transgression period from 1858 until 1882 following from an almost 100 year regression period turning to the last transgression period.

During last transgression the inflow to the Caspian Sea beginning in 1978 lasting until 1994/1995 was increased. The opening of the Gara Bogaz Gol bay (the large depression in northern Turkmenistan) in 1992 (with the total filling up to 1994) only had a small influence to the overall water balance of the entire Sea (as following table illustrates).  

Table 2 Water balance of the Caspian Sea since 1858 (KAPLIN/IGNATOV (2001)

	Period
	Level rise in cm
	Average runoff to Caspian Sea 
	Average runoff to Gara Bogaz Gol 
	Effective evaporation in cm

	
	In cm
	Up to m altitude
	In km3/h
	In cm
	In km3/h
	In cm
	

	1858-1882
	+100
	-26.5
	339
	82.8
	30.8
	7.5
	71.3

	1883-1909
	-50
	-27.0
	317
	77.4
	28.3
	6.9
	72.3

	1910-1933
	-11
	-27.0
	296
	73.5
	19.3
	4.8
	79.7

	1934-1940
	-145
	-28.5
	222
	56.9
	9.4
	2.4
	72.6

	1941-1956
	-56
	-29.0
	292
	77.8
	10.9
	2.9
	78.4

	1957-1970
	-2
	-29.0
	275
	74.5
	9.4
	2.5
	72.1

	1971-1977
	-59
	 –29.5
	235
	64.7
	6.6
	1.8
	71.3

	1978-1994
	+244
	–27.0
	303
	81.7
	1.8
	0.5
	66.8


It only reduced the water level rise of the remaining Caspian Sea. This probably was also due to the particularly high inflow with 310 km3/h during the year 1990.

Despite the stabilisation of Caspian Sea water level since 1994/1995 the possibility of further inundation therefore is not small according to the results of the Tacis CEP Centre Water Level Fluctuation in Almaty (Kazakhstan, 1999). A probability of a sea-level rise of two meters up to –25.0 m mark would be possible.

Another view to understand the extent of sea fluctuations is the distribution on marine sediments. The distribution only of the recent quaternary sediments shows a much larger area around the altitude of –20 m at least. Kaplin (1997) therefore summarised for the last centuries a minimum level at –29.0 m and the maximum level at –25.0 m. the following figure shows these both levels. The average levels of the Caspian Sea are – 27.0 m and meet the present situation since 1995.   

Figure 1
 Most important stages of the Caspian Sea Coastline in the Past (KAPLIN, 1997)
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Transgression coastal line at –25.0 m

Present coastal line at –27.0 m 

Regression coastal line at – 29.0 m (“Derbent”)

2.2 Short-Term Fluctuations - Storm Surge Effects

In addition to the damage caused by the rise in general sea level, considerable flooding is also caused by wind induced increases in sea level, termed: 'storm surges' or ‘wind set-up’. The local increase in water level resulting from storm surges and the extent of local flooding depends on wind strength, the depth of water and reach length. Therefore, with it’s shallow waters the northern part of the Caspian Sea suffers most from this phenomenon, with the northeast and northwest coasts the most severely affected. 

Storm surges such as those experienced in 1990 and 1993 were estimated to have flooded 16,000 km2 of the northeast coast of Kazakhstan. Surges are common phenomena and a typical monthly surge raises levels by 0.4 m and annually levels of over 1 m occur. In the past, surges between 2-3 m high have not been uncommon and maxima peaks and falls of 4 m have occurred. 

In Lagan (Russian Federation) in March 1995 one month induced by southeastern winds the water level was raised up to –24.71 m, this means still another 1.7 m above the recent transgression from 2.5 m! Large area of this coastal town had been flooded. Residential houses, factories, municipal facilities and huge areas of arable land had been devasted.

Conclusively surges may have an additional effect on inundation characterising by:

· Average of 0.4 m (monthly surges), but possibly rise of 1 meter (annually surges), but up to 4 meters (episodically surges)

· Horizontal temporally flooded area with to a deep of 15-25 km from the current coastal line

· Temporal extension up to one month

· Periodically occurring especially in spring and autumn time.

Map 4 reflects the changes of the coastal line in northern Kazakhstan during the last transgression. The image is from 1982-1984 (a mosaic of images) and therefore does not show the total extent of inundation. Large areas up to 40 km had been flooded. Considerable damages raised in northern Kazakhstan in 1990 and 1993, including sea pollution from oil and other industrial pollutants being washed from the land. For example, in the 1990 surge one oil installation alone suffered damages of $1.2 million.

Image 1 Inundated areas around the Caspian Sea from 1978-1994
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3 Forecast of Potentially inundated Areas

The recent study originally was initiated to predict the area that would be inundated under supposed three stages: + 1 m (-26.0 m), +2 m (-25.0 m) and +5 m (-22.0 m). Finally this objective could not be achieved completely. The main reasons were

· Inappropriate accuracy of information (ground resolution pixel format 900x600 m) of Inundation 

· Different scales and qualities of topographical map sources; and

· Small scale of investigations.

Additionally it has been resulted that the differences between the three supposed sea water level stages are to small for such a large area investigation. The works in the CCCD Ashgabad
 therefore combined the following products of the mapping works: 

In order to compile the inundated areas around the Caspian Sea (see Map 4) firstly had been used so-called “GTopo 30” digital data. The GTopo 30 was obtained from USGS
 and had been there elaborated on the basis of NASA satellite radar images. The information of this data set contains spatial (x, y) data in order to determine the geographical coordinates and also vertical (z) information for the altitude. The theoretical vertical accuracy is 1 m but given only with one value for a pixel with the size of a 900x600 m. 

The maps and images on the one hand are showing the supposed coastlines for three stages using the above inundation data. For the assessment of impacts on the other hand had been used detailed information in 1:200,000 scales. Thus the assessment for Azerbaijan, Kazakhstan, Russian Federation, and Turkmenistan is more accurate than the maps or images are illustrating. 

Map 4 Potentially inundated areas around the Caspian Sea
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4 Regional Potential inundation situation

4.1 Endangered coasts 

The area potentially flooded around the Caspian depends on the recent relief of the coastal area. The orographical or relief structure of the entire Caspian Sea basin (see Map 1) is divided into two parts: the mountainous southern and western part and the mainly lower northern and eastern part. This results in a much higher exposition to further inundation of the lower northern and in some extent also eastern regions. 

Compared with the northeastern regions the extent of already during former periods inundated lands and potentially flooded areas is here less. The slopes of the coastal relief here are little higher. The reasons are to be found in the relatively young geologic age of these mountains. This is why they are still rising and recent geomorphologic processes of erosion and denudation are building so-called pediments and alluvial fans in front of the mountains. Therefore the coastal zones in front of those mountainous - except some marine plains – are not so much affected.

Most affected would be the following geomorphologic structures:

Table 3 Most affected geomorphologic structures

	Geomorphologic Structures
	Examples

	Recent marine terraces, dunes and lagoons (sometimes connected with lower older marine coastal terraces)
	· Sand spit from Gara Bogaz Gol (Turkmenistan)

· Lagoon and sand spit from Halig-e-Gorgan (Islamic Republic of Iran)

· Sand dunes area of Cheleken (middle Turkmenistan)

	Depressions with solonchaks
	· Large areas along southern coast of Turkmenistan

	Large geological depressions
	· Sor Oli Kultuk and Sor Kajdak (northern Mangistau Oblast, Kazakhstan)

	Dry fallen river valleys (or only episodically filled) 
	· Emba River (Kazakhstan) 

· Atrek River (between Turkmenistan and Islamic Republic of Iran)

	Alluvial fans (but with a distinctive higher slope)
	· Caucasus Mountains foothills fans (Azerbaijan)

· Talysh Mountains foothills fans (Azerbaijan, Islamic Republic of Iran)

· Elburs Mountains foothills fans (Islamic Republic of Iran)

	River valleys and deltas
	· Volga, Ural, Terek (all Russian Federation)

· Kura, Samur (Azerbaijan)

· Sefid Rud (Islamic Republic of Iran)


Especially the recent rivers that have the lowest position in the relevant area are endangered. The seawater from inundation therefore would have a wide impact into the river course upstream. The overall inundation would affect the five littoral countries in different extent:

Table 4 Extent of inundation in the five littoral countries

	Inundation extent in km2
Country/region
	+ 1m rise 
	+ 2 m rise
	+ 5 m rise

	Azerbaijan
	730
	1,410
	2,420

	Islamic Republic of Iran
	300
	650
	1,480

	Kazakhstan
	6,340
	12,930
	23,500

	Russian Federation
	4,170
	7,240
	18,620

	Turkmenistan
	930
	1,500
	22,690


	Entire Caspian region
	12,470
	23,730
	46,020


 The largest aerial impact would be in Kazakhstan and in the Russian Federation.

4.2 Potential Inundations affecting Azerbaijan

4.2.1 General situation

The Azerbaijan coast with a length of 517 km due to the recent geomorphologic structure of the impacts of potential future inundation would mainly be concentrated on the Kura River delta. Here the population density is very high. The fertile clay and organic soil is used for agricultural uses since a long time. The Kura River mouth at the same time is populated with a high number of permanent and temporal water birds on their way into south. The slim lower terraces belt of Qobustan would be a zone of disaster due to the potential contamination of the Caspian Sea by oil residues. Additionally endangered would be the transportation network along the Qobustan coast to south. 

4.2.2 Conflict areas

Xacmas-Divichi inundated areas

The Xacmas-Divichi area is a lagoon that used at it margins for agriculture. Additionally there are three fisherman villages that would suffer under inundation:

Table 5 Xacmas-Divichi inundated areas 

	Affected Area 
	Potentially Flooded Objects 
	Risk Assessment

	Xacmas-Divichi region (northern Azerbaijan)
	Three villages with about 1,300 at +5m
	High

	
	Divichi Lagoon lake
	None

	
	Drainage canals
	None

	
	Solonchaks
	None


Absheron Peninsula inundated areas

The Absheron peninsula area with suffer under some big impacts from inundation especially due to the oil industry and the potential pollution:

Table 6 Absheron Peninsula inundated areas 

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Absheron peninsula, north up to Sumgayit, south to Baku city
	Village Buzovna (northeast of Baku) with 11,200 inhabitants
	Very high

	
	Large areas with oil residues polluted, close to the recent waterline and groundwater in Artem Island area
	Very high

	
	Slim coastal strip of Bibi-Heibat (south of Baku) with oil industry facilities, polluted areas 
	Very high

	
	Oil wells in Artem Island area, oil port Gaya and supplying facilities 
	High

	
	Parts of villages Djanubiy (500 inhabitants), Gaya (1,500), Tjurkan (300), Sirya (800) Govzan (21,000) (east of Baku) with totally 24,100 inhabitants, but only at + 5m rise
	Very high

	
	Mosque in Sirya, Buzovna, Tjurkan, and for caravanserai 
	Moderate

	
	Absheron Zakasnik (on southern spit east of Baku)
	Moderate

	
	Mardakyan, Shubelyan and Tjurkan vineyards 
	Moderate

	
	Goczan port (small)
	Moderate


Qobustan inundated areas

The Qobustan area would suffer under minor impacts from inundation because there are no settlements. Of course the transportation would be complicated due to the only road from Baku in southern direction. Another issue would all impacts be the potential pollution of the Caspian Sea:

Table 7 Qobustan inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Qobustan coast (southwest from Baku up to Alyat)
	Oil wells, with oil residues polluted areas from Dokbatan beyond Cap Puta north of Qobustan, the oil ports of Primorsk and Sangacaliy
	Very high

	
	Main railway line Lenkaran-Baku
	High

	
	Main road Baku-Qobustan on 3 km at + 5m rise 
	High

	
	Oil wells and all oil industry facilities (but often very old)
	Moderate


Kura River delta inundated areas

The Kura River delta would be the largest inundated area in Azerbaijan under all three supposed stages. The inundation at the +5m rise of the Sea water level would affect huge areas of the lower Kura River delta around Banka and Neftchala. From there the Kura spit, the entire Qizilagac lagoon up to Lenkaran would be totally flooded. All water-swamp areas in the Kura delta would be inundated. Supposing the +5 m raise the area about 35 km from the today river mouth at Neftchala upstream would be inundated! Here totally are living at least 100,000 inhabitants in many villages from 200 up to 10,000 inhabitants. Hundreds of houses and thousands of hectares of arable land are endangered. 

The nature conservation object with a national importance at the southern Azerbaijan coast is the Qizilagac nature protection area mainly for aquatic habitats and large water birds populations. The main objective to protect water birds as permanent species and winter guests as flamingo, black and white stork, crane, heron and other Red Book species on their way from Eastern Europe are resting here.

Map 5 Kura River inundation areas
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A possible further inundation would enlarge the bay mainly in Qizilagac (see Map 5). This would be one the one hand positively on the nature conservation issues due to the enlargement of water areas. On the other hand large food, resting and breeding areas for water birds on current meadows in the delta would disappear. The birds would recover themselves new habitat areas using recent arable land or orchards. 

The loss of the arable land and pastures, the damage of hundreds residential houses in all settlements around Banka, Neftchala, 26 Bakinski Komissariy and Kimirsikend would be an ecological disaster for Azerbaijan. The out-migration to Baku or other towns would be enlarged. This would increase the difficulty socio-economic situation in all Azerbaijan.

Conclusively for the Kura River delta conflict area the following assessment has to be made:

Table 8 Kura River delta inundated areas

	Area 
	Potentially Flooded Objects 
	Risk Assessment

	Kura River delta from Alyat until Lenkaran
	Railway line Lenkaran-Ali-Bairamly west of Salilabad (6 km)
	Very high

	
	Main street Salyani-Neftchala (about 15 km) at +5m stage
	High

	
	Street Salyani-26 Bakinskiy Komissariy-Kura Spit (about 45 km)
	High

	
	Kura River mouth on a length of about 35 km, with old meanders, ponds at +5m rise
	Moderate

	
	Sturgeon Hatchery and it fish ponds at Bank (close to Neftchala) at +2 m rise
	Moderate

	
	Drainage canals, irrigation canals 
	Moderate

	
	Arable land south around Banka-Neftchala and 
	Moderate

	
	Qizilagac lagoon 
	Slight

	
	Kura spit 
	Slight

	
	Small ports of Bank, Neftchala and Port Ilyic
	Slight


Lenkaran inundated areas

The Lenkaran area would suffer under big impacts from inundation. This is an area of high fertility of soils and a humid climate. This is why a high population number in some villages is occurring. Serious problems would be caused in all agricultural issues and in transportation issues due to the only road from Lenkaran to Astara (afterwards to the Islamic Republic of Iran) is going parallel to the shoreline. 

Table 9 Lenkaran inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Lenkaran coast
	Parts of Lenkaran town (Totally 40,400 inhabitants) area at +5m rise)
	Very high

	
	Parts of villages Mamusta (3,900), Siyavar (1,700), Kokolos (800), Bala Shachagac (1,100), Shachagac (3,700), Archivan (700), Suparibag (3,700) slim coastal zone south of Lenkaran
	Very high

	
	Parts of Astara town (14,400 inhabitants) area at +5m rise)
	Very high

	
	Main road Lenkaran-Astara
	High

	
	Lenkaran port
	Moderate

	
	Astara port
	Moderate

	
	Mosque Archivan and Ashagi Njubediy and old architecture objects in Lenkaran
	Moderate

	
	Arable land, tea plantations, fruit orchards, vineyards around Mashkhan, Mamusta, Astara
	Moderate


4.2.3 Local Measures

The most urgent measures for the Qobustan conflict area:

· Clean-up of oil polluted areas adjacent to the coast

· Dam constructions to protect the area against flooding (also from surges)

· Improvement of road constructions

· Renew the oil and gas pipelines along the coast in the endangered

Measures for the large Kura River delta area are very difficulty to design. This would need a dam and water regulation system for the Kura River. The only measures would be to improve endangered roads, to re-settle families from the most risky areas.

4.3 Potential Inundations affecting Islamic Republic of Iran 

4.3.1 General situation

The coastline of the Islamic Republic of Iran to the Caspian is 738 km. The low risk of inundation of the coastal zone due to the geomorphologic situation is similar to the Azerbaijan coast. Marine terraces from the Caspian Sea with sand beaches, dunes, lagoons, and solonchaks on the one hand and alluvial fans from the mountains with clay and gravels on the other hand build the coastal zone. Here the potential inundation would only affect a small coastal zone of beaches, dunes and lagoons. Those parts are the coastal zone from

· Astara to Bandar-e-Anzali (west) and

· Northeast of Lahijan to Amol.

Sometimes the zone is only some kilometres wide sometimes deeper as in the Sefid Rud area (around Rasht – see Image 1). 

Image 2 Potential inundation of Sefid-Rud delta
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4.3.2 Conflict Area

Sefid Rud delta inundated area

Inundation is only possible when depressions made by the Sea or by river building processes eroded the land. The one area – the Sefid Rud delta - is shown in Image 1. Very plain alluvial terraces from Sefid Rud determine this area with the province capital of Ghilan, Rasht. Rice fields predominantly exploit this area due to the very fertile organic soils. This humid subtropical area furthermore is used for other crops, fruits and tea. The population density here therefore is especially high (totally in the Ghilan province 152 inhabitants/km2). 

The possible inundation – illustrated in Image 1 – would affect the lowest parts of Sefid Rud mouth at the + 1 m, and first of all at + 2 m and + 5 m rise. Due to the very dense population with many residential houses, roads, rice fields orchards, technical facilities for water supply, electricity and waste disposal the impacts would be large.
 Undoubtedly endangered is the port and town Bandar-e-Anzali already under the + 2m rise. The coastal road running from east to west through Bandar-e-Anzali would be inundated. The large crop area with rice beyond this road (see dark area southwest of Bandar-e-Anzali) would be flooded. 

Table 10 Sefid Rud delta inundated areas 

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Sefid Rud delta
	Town Bandar-e-Anzali (district: 122,000 inhabitants)
	Very high

	
	Coastal road Astara Rasht (20 km) and other roads
	Moderate

	
	Residential houses in coastal area
	Moderate

	
	Rice fields
	Moderate

	
	Communication lines
	Moderate


The other area is illustrated in the Landsat 7 ETM+ from 22 April 2000 Image 3 (see chapter 4.6) showing the spring aspect of vegetation around the Halig-e-Gorgan. This lagoon is covering the depression of the Elburs Mountains along Amol, Babol, and Sari to Bandar-e-Torkeman and would only be marginally affected. 

This area has a high international status of nature protection because it is one of the UN Wetlands (protected after the UN “Ramsar” Convention on Wetlands) listed as “Alagol, Ulmagol and Ajigol lakes” with 1,400 km2. It has to be explained that the possible extension of water area and bogs with reed would be have a positive effect on nature conservation issues. 

4.3.3 Local Measures

Main measures should be focused on constructions for a dam system in order to protect Bandar-e-Anzali and other neighboured villages and arable land.

4.4 Potential Inundations affecting Kazakhstan 

4.4.1 General situation

The coastline of 1,422 km from Kazakhstan represents the longest of all littoral countries of the Caspian Sea. Concerning the risk of future inundation the geomorphologic area beyond the coastline in Kazakhstan can be divided into two main parts: 

The northern part, mainly covered by the Atyrau Oblast, has a very plain relief built by former the Caspian Sea. The marine terraces of this so-called Caspian depression are stretching far to north and covering also the eastern surroundings of the Kazakhstan Bay. The Emba River valley presents itself the lowest areas on the southeastern margin of the Atyrau Oblast. Often the river in the river course is mostly dry. Those young marine sediments from former stadiums of the Caspian Sea also cover the southern parts of this large bay. This area therefore is very exposed to inundations. The previous transgression from 1978-1994 has (see Map 4) affected especially these coasts around the Kazakhstan Bay. This area is the most populated within the Kazakhstan coastal zone: Although the population density is with 3.7 inhabitants per km2 very low it is twice larger than in the Mangistau Oblast. 

The other geologic-geomorphologic part is the southern Kazakhstan coast, mainly covered by the Mangistau Oblast. This is an old geologic massif named Turan. Because of the dominating erosion processes it is named Ustjurt plateau. Predominantly the coast south from Fort Shevchenko up to the border to Turkmenistan has a steep coast. Offshore to this steep coast there is only a very slim wide beach (sometimes only some decametres). Generally inundations have no any importance (except erosions from the waves). This area is less settled although many industrial objects are here located. Half (50.6% in 1999) of the population of this Mangistau Oblast is living in Aktau town. The most endangered areas therefore are the following:

4.4.2 Conflict areas

Western Kazakh coast inundated areas

Lower marine terraces and the most eastern parts of the Volga River delta especially the Kigac River determine the most western Kazakh coastal area. The conditions for agricultural land use are still good. Although the main land uses more than 80 % are pastures and meadows some fields for crop production mainly on wet lower terraces are to be found. This is why the population in and around the rural centres Kotjaevka and Gansjukino is relatively large. The inter-regional road from Astrakhan to Atyrau is running across Ganjuskino that is located directly at the river mouth of Kigac River. Although the delivered topographical information is bad the risk for an inundation of this road is very high. 

Table 11 Western Kazakh coast inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Western Kazakh coastal region
	Villages south of Ganjuskino
	High

	
	Coastal road Astrakhan-Atyrau and other roads

	High

	
	Communication lines
	Moderate

	
	Pastures and meadows
	Moderate

	
	Water pipeline Volga-Atyrau
	Moderate

	
	Arable lands (in some extent)
	Slight


Western Kazakh coast inundated areas

The most populated area in the coastal zone of Kazakhstan is the Oblast capital Atyrau. Map 7 shows the situation in and around this regional centre. The brown area represents those areas that would not be inundated at the + 5 m stage of the Caspian Sea level. This means the town predominantly located on the lower or middle terraces of the Caspian Sea would be fully flooded if the water level would raise up to this mark (see also Image 2).   

Map 6 Atyrau Town and Ural River delta inundated areas
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Residential areas only in the southeastern part (see Map 7) would be flooded if the water would reach the –25.0 m or only the –25.0 m mark. But of course the damage of large areas with facilities of oil and other industry, municipal infrastructure would be noticeable. Recently the Atyrau airport located in the south is endangered. It is still protected by a dam built during the last transgression.    

Table 12 Atyrau Town and Ural River Delta inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Atyrau Town and southern surroundings and Ural River Delta 
	Southeastern residential areas (at + 5 m stage)
	High

	
	Main road Astrakhan-Atyrau-Eastern Kazakhstan 
	High

	
	Many roads in and around Atyrau
	High

	
	Main Railway Astrakhan-Atyrau-Eastern Kazakhstan
	High

	
	Industrial areas
	Moderate

	
	Pipelines for oil, gas and water
	Moderate

	
	Communication lines, water and electricity supply
	Moderate

	
	Port Atyrau
	Moderate

	
	Pastures south of Atyrau
	Slight


Tengiz oil field inundated areas

The flooding of a large bay in the northern part of the Mangistau Oblast while the past transgression from 1979 till 1995 would be continued first of all in the large geological depression from “Sor Oli Kültyk” and “Sor Kajdak”. The previous deepest place with –35m was filled during this stage. The already existing long bay would be mainly widened. The risk for settlements or other human activities is low due the absence of settlements. Only for Kazakhstan accounted for the – 22.0 m mark in the sea effect zone are involved 3.9 million hectares of territory.  

A dangerous situation has been already developed due to the oil and gas industry around the most eastern bay. This Tengiz oil field is one of the largest in Kazakhstan. Many wells, pipelines, storages and other facilities would be flooded already at the + 2 m stage (especially around Prorva in the most southern parts).   

Table 13 Tengiz oil field inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	
	Road Kulsary-Karaton-Sarykamys-Prorva
	High

	
	Oil polluted areas
	High

	
	Pipelines for oil, gas and water
	Moderate


The situation in the most southern parts of Kazakhstan in Mangistau Oblast due to the structure of the coast is not risky. 

4.4.3 Local Measures

Kazakhstan since the last inundation period already started to build dams and a water regulation system in order to protect settlements against inundation or to preserve the Caspian Sea against contamination from oil polluted areas.

These works have to be continued. The funds have to be developed. The measures should be concentrated on 

· Dense populated areas of western Kazakhstan

· Transportation relations from Atyrau to western Kazakhstan

· Avoiding contamination by clean-up, dams and using modern technologies.

Potential Inundations affecting Russian Federation

4.4.4 General situation 

The largest inundation area around the Caspian likely the Russian Federation would have. Due to coastal alluvial plains and the Volga River delta large parts of the Daghestan coast, all Kalmykian coasts and the lower Astrakhan Oblast in the Volga delta would be flooded. 
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The most affected area with an average of 3-6 km from the current coastal line for 1 m rise and 8-15 km for + 5m rise are beginning at the mouth of the River Sulak (Republic Daghestan) although the flood would only have a weak impact to southern Daghestan coast. 

The inundation effect is becoming larger in the Kalmykian alluvial areas. The maximum deep of inundation would be 6-10 km for + 1 m, 8-15 km for + 2 m and 15-25 km for + 5 m rise. The estimated effected area would be about 1.500 km2. The possible effect would be for the Astrakhan Oblast the same. Except the case of a + 5 m rise of the Caspian Sea water level. The transgression flood would go into the Volga River valley almost 80 km upstream. 

Map 7 Terek River delta inundated areas

Very plain alluvial, mainly marine sediments determine the Caspian coast of the Russian Federation on its length from 747 km. A slim coastal zone in front of the Caucasus Mountains and their foothills determines the Daghestan coast beginning at Samur River up to Makhachkala.

The area north of Makhachkala is defined by the large Terek river delta. Here the inundation would affect al larger area. Older marine terraces are characterising the Kalmykian Republic lowland from River Kuma over Lagan (former Kaspisk) to the Volga River delta, Astrakhan Oblast. 

The possible inundation of the Daghestan coast would not have a big impact on this part although here are many towns and villages, industrial facilities and transportation lines accompanied by crop and livestock production. Mainly these economic objects of are laying on the upper marine terraces respective some alluvial plains. The inundation would first of all affect the beaches.

4.4.5 Conflict areas

Terek River Delta inundated areas

The largest impacts should be estimated in the Terek River delta due to the very plain and low area. Due to geomorphologic situation north of Makhachkala (where the Caucasus foothills are ending) the lowland begins immediately. It is mainly built by alluvial sediments as clay and organic soils, at the coast often covered by marine sands, shells and solonchaks. Around the Kizlyarksy bay has been developed wide reed belt. This very plain area has the highest risk of further inundation (see Map 6) due to the large extent of inundation, some thousands people living there mainly in small villages. This area has a big importance for international and national transport connections from Azerbaijan over Makhachkala to Astrakhan (further to Moscow).

The rise of the sea water would have an affect on the shortage of all lower rivers courses as Terek, Aksai, Aktash, Alikasgan, Kuma (Kalmykian Republic border). 

Around Sula and Sulak River valley under the three supposed stages of sea water level rise the inundated area would rapidly grow. Only the rise of +1 m would damage an area of more than 10 km from the recent coast and would flood the village Sulak (about 2,000 inhabitants), would flood the street to Sulak and to northeast. Wider to north the extent of inundation would severely increase (up to 40 km in the northern parts of the Daghestan Republic).    

Table 14 Terek River delta inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Terek River Delta
	Krajnovka (500 inhabitants), Novoterecnoe (100), Sujutkino and northern villages (1,200 inhabitants) at + 1m stage
	Very High

	
	Main railway Makhachkala-Astrakhan (around Kocubej) 18 km 
	Very high

	
	Main road Makhachkala-Kizjlar-Astrakhan (around Kocubej) 18 km 
	Very high

	
	Village Kocubej and another northern village (total 2,500 inhabitants), village Koktjubei (500 inhabitants) at +5 m rise
	High

	
	Sulak village (2,000 inhabitants) area at +2m rise)
	High

	
	Streets to Sulak (about 10 km)
	High

	
	Sulak port area at 1 m rise)
	Moderate

	
	Fishery and fish factory Brjansky Rybozavod
	Moderate

	
	Road Kocubej to Neftekumsk (around 10 km)
	Moderate

	
	Oil pipeline (along road/railway) on 18 km
	Moderate

	
	Small population in village Novaya Kosa (about 100 inhabitants)
	Moderate

	
	Agrakhanskiy peninsula and Agrakhanskiy bay at +1 m rise
	Slight

	
	Agrakhanskiy nature protection area (“Zapovednik)”with coastal aquatic habitats and water birds at +1 m rise
	Slight

	
	Drainage and irrigation canals at all stages increasingly
	Slight

	
	Terek river (shortage of river course from about 10 km (+1 m) up to 25 km (+5 m)
	Slight

	
	Loss of Travyanoe and Besenoye reservoirs (Water supply of town Kizjlar 
	Slight

	
	Oil/gas pipeline along the Agrakhanskiy Peninsula at +1m rise and another pipeline along village Novaya Kosa 
	Slight

	
	Nature protection area for water birds in Kizlyarksy Zaliv 
	Slight


Lagan region inundated areas

The northern areas from Daghestan Republic are belonging to the Kalmykian Republic. Old marine sediments, predominantly with sands, build this area. The areas depart of the coast due to the colour of the soils is named Black Lands (Cherniye Zemli). This is a step and semi-desert landscape with only less population. Since the last decades the population migrated to Elista (the capital of the Republic) or other regions of the Russian Federation. Only eight smaller fishermen villages with totally 700 people are still living here. The situation has been worse since the 1978-1994 transgression and the 1995 March surge flood damaged the coast. 

The most populated are is the district centre Lagan (former Kaspisk). Here the 1995 inundation damaged many residential houses, industrial and municipal facilities. The social situation is still complicated.

Table 15 Lagan region inundated area

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Lagan region
	Lagan city (12.000 inhabitants) 
	Very high

	
	Eight villages already at + 1m rise)
	High

	
	Streets to all those villages 
	Moderate

	
	Pastures for sheep and goats
	Moderate


Volga Delta inundated areas

The Volga River delta is the second inundation conflict area of the Russian Federation due to the very low position. From the area and from the endangered population it is the most risky area in the Russian Federation. 

The sea water level rise from + 1 m would be enlarge the sea about 6 km, the + 2 m rise would affect an area with the deep of average 12 km and the + 5 m rise even 30 km. The Landsat MSS-TM image from 1982-84 (see Image 2) shows the overall situation from the satellite. The dark blue line represents the current coastal line for – 27.0 m. The outside green areas (mainly shallow water and coastal land covered by reed) nowadays are already flooded after the transgression from 1978-1994. The light blue line represents the + 1 m rise (-26.0 m).  The yellow one shows a large area inundated at the + 2 m stage (-25.0 m). The red line shows the supposed + 5 m stage (-22.0 m). 

Concerning this last area from –22.0 m there has to be underlined: This area is larger than the area estimated using 1:200.000 topographical maps! The situation after this approach is that concerning Astrakhan city only the lower parts beside the Volga River would be flooded. There is – especially in the southern part the town around the Kremlin – some large area of upper terraces that would remain dry. Despite this mistake the image gives a good impression of the extent of the potential inundation of the Caspian Sea. The impacts concerning the population at 1 m rise would be small. This belt is already affected from Volga River itself and also by surges from the Sea. The most important concern in this conflict area is the very dense population including the 500,000 inhabitants city of Astrakhan. Additionally thousands of fisherman and farmer with their families in a lot of villages south of Astrakhan are living. 

Image 3 Volga River delta inundated areas
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The next table assesses this situation in detail:

Table 16 Volga delta inundated area

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Volga delta
	Nine villages in the + 2 m rise zone with totally 6,200 inhabitants
	Very high

	
	27 villages inside the + 5 m rise zone with totally 26,600 inhabitants. 
	Very high

	
	Lower parts of Astrakhan city (totally about 500,000 inhabitants)
	Very high

	
	Many streets from Astrakhan to all villages, between the villages
	High

	
	Arable land (often for rice) in the + 5 m zone
	Moderate

	
	Astrakhanski Zapovednik (nature protection zone), three areas with aquatic and semi-aquatic habitats, water birds
	Slight


4.4.6 Local Measures

Measures avoiding or protecting the Russian coast against further inundation are difficult. This is due to length of the coast and the both large deltas that would need a huge water regulations system. Therefore separated measures are to be undertaken to improve the situation in the already affected and potentially endangered areas as

· Lagan town dam system

· Re-building of residential houses, economic objects to improve the employment market and of municipal facilities as roads, water supply, waste water discharge

· Dam systems for Sulak and other most endangered villages

· Improvement of fishing facilities first of all in small villages

· Improvement of road and railway lines in Kalmykian Republic (with bridges, dams)

· Re-settlement of most endangered Volga River villages.

Potential Inundations affecting Turkmenistan

4.4.7 General situation 



Comparing with other littoral countries in Turkmenistan the impact of possible rise of the Caspian Sea water level concerning the population is rather small. The deserts beyond the 1,035 km long coast are not favoured for any settlements and intensive human activities. Totally flooded would be only the village Csikicslar (Esenguli Etrab, southern Turkmenistan) with about 1,258 (2001) inhabitants (1999) at the + 5m stage. Western Turkmenistan due to the severe arid situation is determined totally by deserts. This is why important land use as dry cultivation, or even irrigation land and orchards do not exist.

The largest effects the potential inundation would have on the Khazar (former Cheleken) area in middle Turkmenistan. The current peninsula with the small town Khazar would be flooded in small bays from the northern Krasnovodsk Bay and from the southern Turkmenian Bay. However the town Khazar would remain dry. At + 5 meter rise stage the peninsula would become an island divided by a sea water canal from about two kilometres. 

Map 8 Khazar Peninsula inundated areas 
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Western Turkmenistan last decade became one industrial centre of the country. Since a longer time some industrial objects mainly concentrated on oil and gas sector are distributed in Balkanabad, Khazar, Turkmenbashi, Bekdash, Gumdag. Some gas, oil and water pipelines are running to or stretching along the coast. Those would be affected. Accompanying with the by oil and gas production on on-shore facilities in Khazar (Cheleken) and Ekerem area contamination of soil has been developed. New offshore facilities mainly operating by international companies, as Mobil Oil and Dragon Oil would not be affected from any water level rise in the expected volume. 

4.4.8 Conflict areas

Gara Bogaz Gol inundated areas

In the northern parts of Turkmenistan the flood in all three stages would not have a big inundation effect due to the mainly undulated relief around Bekdash. Comparing to this the Gara Bogaz Gol - a large bay on the eastern side of the Caspian Sea - would severely be affected. 

The bay has a high hydrological importance for the entire Caspian Sea as a basin for water exchange and evaporation. During the sea water level fall from 1934 until 1956 (see Table 2) the input to the Gara Bogaz Gol continuously decreased. At the same time the severe evaporation from the large bay rapidly reduced the water volume and level of the Gara Bogaz Gol. The margins of the former bay had been fallen dry supported by the building of a dam crossing the only stream in the mid of the spit. During Soviet periods the mining of sedimented sulphur-sodium salts from the bay bottom had been developed until the opening of the dam in 1992. 

At the + 5 m rise the Caspian Sea would opening a 6 km wide mouth to the Gara Bogaz Gol bay. The recent canal is only about 100 m wide. This process would induce the repeated inundation of the bay. Additionally some parts of the southern spit and beaches up to Turkmenbashi would be flooded. The village Kujalik Majak would be isolated and no longer directly reachable from the local centre Turkmenbashi town. 

Although the number and density of population in the Northern Caspian coastal area of Turkmenistan is low serious impacts on transportation network and the accessibility have to be addressed: The only road from Balkanabad (the centre of the Balkan Velayat province) and Turkmenbashi to Bekdash at the + 5 m stage would be flooded. 

Table 17 Gara Bogaz Gol inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Gara Bogaz Gol
	Only main Street Turkmenbashi-Bekdash (6 km)
	High 

	
	Water supply of Bekdash (4,298 inhabitants in 2001) 
	High

	
	Kujalik Majak village would become an island 
	High

	
	Gas and oil pipeline (6 km)
	Moderate

	
	Communication lines (6 km)
	Moderate

	
	Bekdash Sulphur Factory, partly with some northern facilities located close to the Gara Bogaz Gol bay
	Slight

	
	Gara Bogaz Gol at + 5 m rise
	Slight


The Bekdash area in the most northern part of Turkmenistan coast under this + 5 m stage would be fully isolated from the other parts of the country. This would increase the social disaster in Bekdash (after the almost collapse of the only employer the Sulphur-Sodium Mining Company). The water supply nowadays is another big problem. Probably the high migration of 128 people (2000-2001) was caused by those issues, less from previous inundation. 

Khazar Peninsula inundated areas

The inundation would not only affect the peninsula itself (see Map 8) but would also have some impacts on inner areas close to Balkanabad. This is due to the possible flooding of the large depression named Balkan Solonchak east of the Krasnovodsk Bay. At + 1 m seawater rise the depression would be expanded about 6 km, at + 2 m about 9 km in direction to the village Belek. At + 5 m rise the full depression to Djebel village and a small flow to the southern Kelker solonchak (south of Balkanabad) would be opened. This would induce deteriorations in transportation connections from Balkanabad to south as to Gumdag, Ekerem and Esenguli. This would not only have serious effect on all economical activities and living conditions. Due to the here located oil and gas centre of western Turkmenistan ecological impact, as the pollution of the seawater would be possible.

The only nature conservation object is Khazar Zapovednik located around the Krasnovodsk Bay. The possible further flooding would have a positive effect on nature conservation issues due to the enlargement of water areas. The main objective of these areas is the protection of water birds as permanent species as winter guests. The latter species as black and white stork, crane, heron and other Red Book species on their way from Eastern Europe are resting here. Both areas are protected areas after the UN Convention on Wetlands (“Ramsar Convention”). 

Table 18 Khazar Peninsula inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Khazar (Cheleken) peninsula region
	Only road Khazar-Cheleken at the + 5 m stage on about 2 km (the current peninsula Cheleken would become an island)
	Very high

	
	Only road Balkanabad-Gumdag-Ekerem-Esenguli (at + 5 m stage)
	Very high

	
	On-shore oil and gas drilling facilities and pipelines around Koturdepe (along the road to Khazar) and crossing both large Balkan and Kelker solonchaks
	High

	
	Polluted areas with oil residues from prior oil production
	High

	
	Village Karagel (342 inhabitants in 2001)
	High

	
	Lower parts of Turkmenbashi Petrol Chemical Factory (especially purification facilities close to the Saimonov Bay)
	Moderate

	
	Communication and electricity lines
	Moderate

	
	Port Aladja (already destroyed during last flood)
	Moderate

	
	Khazar Zapovednik (enlargement of area)
	Positive effect

	
	Ogurcinski Zakasnik (recent island in front of Khazar peninsula belonging to Khazar Zopvednik) mainly habitats for seals
	Moderate

	
	Pastures on semi-desert and deserts east of Khazar 
	Slight


The seaport of Turkmenbashi would be flooded in the lower parts especially if the water level of the Caspian would arise with 2 or even 5 m. The freight port from Aladsha (southeast of Khazar (Cheleken) already has been flooded due to it very low position during the transgression from 1978-1994. The recent relatively high 586 out-migration in Turkmenbashi town probably is not an impact of the former flooding and would not be influenced by potential future floods due to the protected upper (higher) location.

Ekerem-Esenguli inundated areas

The most southern coastal areas are endangered mainly due to the flooding of roads that connect the district with the Balkan Velayat province centre Balkanabad (former Nebit Dag). 

Table 19 Ekerem-Esenguli inundated areas

	Area 
	Potentially Flooded Objects
	Risk Assessment

	Ekerem-Esenguli coast
	Parts of Ekerem at + 5 m stage (2,400 inhabitants)
	High

	
	Village Adjijab (2,737 inhabitants) 
	High

	
	Some flooded road parts around the Etrab Centre Esenguli (about 7.000 inhabitants) very close to the border to Iran already at + 2m water rise.
	High

	
	Polluted areas mainly from prior production around Ekerem at + 5m stage
	High

	
	Freshwater plant in Esenguli (just established in 2001) at +2 m stage
	Moderate

	
	On-shore oil and gas industry around Ekerem (oil port Ekerem, drilling facilities, tanks, pipelines) 
	Moderate

	
	Esenguli Zapovednik
	Positive effect

	
	Fish pond 
	Slight


The social situation around Esenguli is already difficult due to the peripheral location, due to the lack of Atrek River who is the only freshwater source in this region. The out-migration from 2000 to 2001 with 65 had been relatively high for the 7,000 people village. Some water supply utilities as the new Fresh Water plant west of village Esenguli in the south would be flooded due to the altitude of –26,0 m. 

The Esenguli Zapovednik in the most southern part is stretching along the coast to the Iranian border beyond Esenguli and will be continued on the Iranian side with the “Alagol, Ulmagol and Ajigol lakes (1.400 km2)” (protected after the UN “Ramsar” Convention on Wetlands). 

Image 4 Ekerem-Esenguli and Bandar-e-Torkeman inundated areas 

[image: image14.wmf] 

This large area of coastal solonchaks would move eastwards and perhaps be enlarged. The largest effect the inundation would have on the lower Atrek river alluvial plains on both Turkmenistan and Iran sides. The inundation would cover a bay with about 37 km deep to east (beyond the village Adjijal). In recent times the Atrek River mouth is mainly dry fallen and so the nature protection area (living and fodder area for water birds) would be enlarged. The following assessment of the most important impacts on human and natural objects can be made:

4.4.9 Local Measures

Protection measures should be discussed for some regions at Turkmenistan coast in order to avoid further damage of coastal infrastructure. Main protection measures are: 

· Road Balkanabad to Khazar (Cheleken), roads to and around the Rajon Centre Esenguli

· Sea port of Turkmenbashi

· Residential houses in Csikicslar, Esenguli and other small villages

· Atrek river fresh water reservoirs (mainly for fishery)

· Freshwater plant in Esenguli

· Protection measures to all industrial objects at the coast, especially oil and gas sector.

During the last flooding period from 1978-1994 measures to protect some coastal areas had been planned but could not be realized. For example large-scale topographical maps from Soviet Union period show a detailed system of dams around Esenguli. Protection measures were planned to protect the town Cheleken (nowadays Khazar). 

The project from 1992 had designed concrete protection measures for residential areas and the already damaged freight port of Aladja (south of Khazar). Among others the plans to build dams on a length of 6.6 km to protect Khazar up to the water level of –24.5 m and to rebuild the Aladja port had been designed.

5 Measures and recommendations

5.1 General outcomes 

The overall of the Caspian Environmental Programme is to design the Caspian Strategic Action Plan. This requires designing general results and statements concerning those areas around the Caspian Sea potentially most affected from further inundation. The outcomes of this small study should enabling to define recommendations and further steps at regional level supported by international donor organisations and for national governments.

The results should be discussed in the CEP projects, especially with CC for water Level Fluctuation in Almaty, CC Coastal Zone Management in Tehran and CC Sustainable Human Development and Public Health in Ashgabad. Afterwards the results should be improved in order to present to related governmental authorities around the Caspian Sea. 

5.2 Detailed further investigations

General recommendations should be focused firstly on the detailed investigations of some questions as

· Probability of further inundations

· Extent of possible inundations (only + 1 m or + 2 m, or even + 5 m)

· Endangered objects (priority list of objects for example: population, economical threats, social stress, environmental state)

· Regional risk assessment (using more detailed and actual sources).

5.3 Planning process

As well for Regional Planning needs as for constructions measures like re-building of roads, railway lines, bridges, dams, water regulations system, industrial objects detailed plans have to be developed. These should use existing plans from the previous inundation period. 

The works need to enlarge the scales as in 1:25.000 and larger. Those technical-engineering measures have to be focuses on most affected areas. Responsible governments should make the next recommendations.

5.4 Protection Measures

For most urgent protection measures for population should be developed the necessary planning materials. Provincial authorities should allocate national funds. The most important measures are listed within the country’s chapters “Local Measures”.
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� Where the author worked from 03/1998 until 12/2001 as Centre Leader.


� The material in some extent was not complete as for Kazakhstan all data for Mangistau Oblast, for Islamic Republic land use data for Ghilan province, and all population data were missing.


� CEP TDA 2nd draft November 2001  


� Caspian Centre for Combating Desertification


� United States Geological Survey


� With Gara Bogaz Gol bay


� Due to the lack of information from Islamic Republic of Iran the assessment of population and endangered land use was not possible.


� The digital mapping information from Kazakhstan did not show the full set of roads in this area.
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