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1. Introduction

At the eve of the XXI Century the mankind is faced with one more serious environmental and socio-economic problem - desertification. Being a global problem encompassing huge territories, it requires the necessity to incorporate the efforts of the world community to solve them.

According to the evaluation, the arid territories, with a high possibility of desertification, encompass more than 40 % of lands, 69 % of which are subject to desertification. About 30 % of arable lands, 50 % of dry (farming) and 75 % pastures  are degraded. More than 100 states of the World are under threat of the desertification. Approximately 900 million people, and about 10 million people have to migrate from the desert lands, as the ecological refugees because of the negative influence of desertification.

We are the eyewitnesses of originating of one more powerful and dangerous desertification centre in the Caspian Sea region.  There are arisen and increased the scaled desertification processes for the last years in this region owing to  the sea-level changes, especially beginning of hydrocarbon development.
According to the methodical documents, worked out by the Institute of Deserts of Academy of Sciences of Turkmenistan on the basis of cooperation with FAO (1983) the "desertification" term has the following description: The «Desertification is an intensification or (and) the extension of desert conditions which leads to biological inefficiency of ecosystems that in its turn causes reduction of feeding stocks in pastures, lowering of agricultural crops and worsening of human living conditions». This description is the fundament of evaluation and mapping of desertification processes in the Caspian Sea region.

The Caspian Sea level fluctuations have negatively influence both on the region's ecosphere, and on economics, as well as active-life of the population of the Caspian littoral states. First of all, this is flooding of coastal industrial and civil communications, roads, and farmlands. The migration of the population of regions of an ecological stress and their concentration in separate relatively rather favourable biological lands lead to development of desertification processes. It is needed generalisation of all available materials and their scientific evaluation to take urgent measures for prevention of further development of negative ecological and socio-economic phenomena. In this relation it is important close co-operation of the countries in the region in implementation of the programmes for combating desertification.

Centres (CRTCs) under the framework of the CEP intended for study of various environmental aspects of the region, including CRTC for Combating Desertification. The Centre is established in June 1998 in Turkmenistan, on the basis of the National Institute for Deserts Fauna and Flora. The purpose of the project is the evaluation and mapping of desertification processes of entire region of the Caspian Sea conditioned both by influence of sea level fluctuations, and anthropogenic factors. As a result of researches there will be developed the measures on environmental rehabilitation and recovery of degraded lands in the region.

The mian goals of the project are as follows:

· Description of complex factors influencing on occurrence and development of desertification processes in the Caspian Sea region

· Evaluation of environmental state of landscapes in the Caspian Sea coastal zone

· Mapping of desertification in 1:1.000.000 scale for coastal zone of the Caspian Sea within the belt of 100 kms on different periods of the sea level fluctuations 

· Creation of desertification prediction maps 

· Development of measures for combating desertification

2. Desertification Mapping Methodics
The main purpose of desertification processes analysis of the Caspian Sea region is description of nature, scale of spreading, speed and direction of their development under the influence of anthropogenic factors and the sea level fluctuations. As it is known, these goals can be reached on the basis of comparative geographical analysis of different conditions of desertification processes. In this connection there were selected 3 periods of the condition:

· Condition of desertification processes in the past (1982-84)

· the present condition of the desertification processes (1998); 

· the future condition of the desertification processes (forecasting by 2010)

The desertification processes mapping programme of the Caspian Sea region is implemented on the basis of experience and capacities of the Caspian Regional Thematic Center for Combating Desertification, established on the basis of the National Institute of Deserts Flora and Fauna of the Ministry of Nature Protection of Turkmenistan. The GIS technologies and remote methods are implemented for the data analysis. The changes of desertification processes are studied on the basis of joint use of the new space images  from the Russian "Resource" satellite and old images from the American LANDSAT satellite involving various materials and cartographic information. ARC/VIEW and IMAGE ANALYSIS Module are used for their processing and analysis. The general desertification mapping methodological diagram is shown in Fig.1.

Having consisted of review of all land resources the desertification mapping program of the Caspian Sea region has been implemented in 1:1.000.000 scale. Therefore, the desertification map was generated in the same scale. Such small-scaled mapping eases creation of standardized topographic map being a basis of all the Caspian Sea region.

The «Resource-01 МСУ - СК" (1998) digital space images with 150 m spatial resolution has been used for mapping of the present state of desertification, and LANDSAT digital space images (19982-84) with 400 m spatial resolution has been used for  former state of desertification. The "Resource" МСУ Е digital space images with 45 m spatial resolution can be used for study of most interesting territories. 

The starting information consists of space images recorded on magnetic tape which obtained from the above mentioned satellites. Besides, there is a space map, the mosaic of all the Caspian region in 1:1.000.000 scale which mapped by the different seasons and years images obtained from "LANDSAT ТМ and МСС (1982-1984).

The ARC/VIEW 3.1 Spatial Analyst Module Extension 1.1 and Image Analysis Module Extension 1.0 software working in Windows NT 4.0 service pack 4 operating system has been used for the automated processing of space images. Microsoft Access with ODBC Server for ARC/VIEW will be used for generation of  database for the project.

TIF or IMG Erdas Imagine Map-projection is the main format of digital images for the software and the projection of Gauss Crueger Central Meridian: 51 degrees E, False Easting: 9.500.000 m, False Northing: 0 m, Ellipsoid: Krassovsky 1948, Scale faktor: 1.0.

Figure 1
Methodologic scheme of desertification mapping 
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All digitized data are shown in ARC/VIEW*.SHP format. The digital maps are the world of ESRI ArcData Digital Chart (DCW) company, bought by the regional center in Ashkhabad served as a survey digital topographic map of all the Caspian Sea region in 1:1.000.000 scale.

All desertification map contours are fitted on DCW map, from which the topographic objects obtained at the being studied territory (state boundaries, settlements, roads, pipe lines, rivers, lakes etc.).

The desertification mapping is carried out as follows (fig. 2):

The following maps in 1:1.000.000 scale are generated for coastal zone of the Caspian sea by 50 kms width from the water boundary using the LANDSAT 1982-1984 space images as printshots or digital ones and analyzed all the present topographic and thematic maps.

The landscape map is the basis of desertification maps. The desertification processes are arisen and developed only within the limits of landscapes and consequently they should be studied on the landscape basis. The definite criteria of desertification processes are peculiar for each type of the landscape. 

The landscape mapping is made on the basis of combined decoding (visual and automated) of space images. There are selected the homogeneous image types in the images which correspond to different landscape categories. The chosen contours of the landscape map serve as contours for analysis of desertification processes. They can be updated and modified in the course of the studies.

1. The land use maps reflect the extent of the land-use intensity, which directly or indirectly is related with development of desertification processes. Therefore, mapping of land-use characteristics is sine qua non in analysis of desertification processes. Usually separation of land-use types is made on three qlassification levels. The main land-use types are selected in the first level: farmlands, settlements, pastures, forests, waters etc. The more detail classification is made in the second and third levels.

2. The desertification map is produced on the basis of usage of the available information in combination with above-stated two maps. There sre indicated types, extent and reasons of desertification in the map. Basically 5 types of the processes are characteristic for the region as degradation the vegetation, water erosion, wind erosion (deflation), salinization of soils, technogenic desertification.

3. The desertification was assessed on extent (classes) showing intensity of development of process: weak, moderate, heavy, heaviest. The quantitative criteria have been developed on the indicated classes. Besides, there are indicated territories where are absent the desertification processes.

Figure 2 FLOW CHART DESERTIFICATION INVENTORY METHODOLOGY IN 
CRTC TURKMENISTAN “COMBATING DESERTIFICATION”
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Two main methodic approaches are applied for desertification mapping:

· evaluation of desertification by dominating types of processes 

· evaluation of desertification by set of processes;

The first approach we consider the most informative one for study and small-scale (1:1.000.000) mapping of desertification processes, which allows mapping of particular (dominating) types of processes. The small-scale mapping makes practically impossible to map all types of desertification occurring within the limits of certain types of landscape. The way out of this situation can be found by showing its compexity. The dominating type of processes can be shown on a map, and the types of processes, developed on a smaller area to be recorded in a database. For example, 70 % of the area is under water erosion processes, and 30 % - degradation of vegetation (100 %).

The maps of former and the present state of desertification processes are complex by their contents, with big load. A set of cartographic symbols is applied for mapping the desertification. It includes background filling, out-of-scaled conditional symbols, digits etc. In mapping the past and present state of the desertification processes at territory of the Caspian sea region the following legend (tab. 1) was accepted.

Table 1 Scheme of the legend for the map on Past and Present State of Desertification Processes in the Caspian Region 1:1.000.000

Criteria
Way of demonstration on a map
Notes      

Level of desertification
Background color
Absence of desertification is shown with light green color, slight desertification – yellow, moderate - orange, heavy – brown, very heavy – red.

Types of desertification
Out-scale conditional symbols
See the map

Reasons of desertification
Letter indices    
Undergrazing -Ug, Overgrazing-Og,  Chopping down trees and bushes-Ct, agricultural reclamation -Ag, natural processes -Nt, Prospecting, construction and other works -Pr

For development of desertification (hazard) forecasting it is needed to use a set of parameters including: analysis of landscape sustainability to different kind of exposures; the analysis of the tendencies of development of landscapes, determination of desertification development rates, analysis on the nature and scale of human economic activities; a comparative analysis of thematic maps prepared in different times and aero-space images (fig. 3).

A complex of the above mentioned materials has been used for mapping of changes and hazards (the forecast of desertification) in the Caspian sea region in 1:1.000.000 scale. The map was made on the basis of comparison and analysis of the maps which have been drawn up on space images of 1982-1984 and 1998 with use of ARC/VIEW Image Analysis Module Extension. Additionally there was used all available information. As a result of the analysis of each chosen contours on both maps, there were revealed  changes in desertification during an indicated time period, within the limits of which the transitions from one state to another are registered. These transitions can have different intensity  from absence of changes up to very strong ones.

The produced map is mainly intended for wide sections of the population and especially for decision making persons (DMP). On this basis it should be more simplified, visual and easily readible for effective solution problems of combating desertification. In this connection there were selected in the map and shown only those contours where were changes in the indicated time period in direction of intensification of desertification processes (especially contours with strong and very strong extent of desertification). Besides the dominating desertification processes, which developed in the indicated contours are shown. 

On this map are displayed areas with potential risk of desertification in future as well (up to 2010). The allocation of such areas is carried out on the basis of the registration of  landscapes sustainability and possible intensification of economic activities. The legend diagram of the map of changes and desertification risk is given in table 2.

Table 2 Scheme of the legend for the map Desertification changes and hazards for the Caspian Region till 2010,  1:1.000.000

Criteria 
Demonstration on the map
Notes     

Degree of changes (slight, heavy, very heavy)
Background color 
Slight change- yellow color, strong – brown, very strong – red.                            

Тypes of desertification
Out-scaled conditional symbols
The same system of conditional signs, as on the map of the present state of desertification is applied.

Risk (hazard) of desertification
Out-scaled conditional symbols
Round red colored dots

Reasons of changes
Out-scaled conditional symbols
Natural and anthropogenic reasons are shown (letter indices)

Figure 3 Scheme of studying various factors for determination desertification hazard (risk) level  
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3. Outcomes of the Studies

As a result of implementation of the first phase of activities general consistency of occurring and development of desertification processes in region of the Caspian sea, their spatial-time distribution and the general tendencies of their further development (up to 2010) have been determined .

In implementation of the first phase of the project it is also important methodical and administrative issues that will lay in the basis of realized further environmental analysiss in  the Caspian sea region.

A unified method for application of space images for efficient evaluation and mapping the environmental situation at vast, unstable in economic and environmental attitude in the Caspian region were developed with participation of international and local experts. It was based on automated processing of space images and application of GIS technologies. Utilization of this method allowed for obtaining more reliable and efficient information about desertification processess in this vast territory.

Desertification maps with the scale 1:1 000 000 and other maps made as a result of the project and based on automated processing of space images, entirely show the state of the environment in the region in past (1982-1984), at present (1998) and in future (2010). The mentioned maps are the basis for scientific development of measures on combating desertification and will be extremely useful instrument for decision making persons.

The following maps were prepared:

4. Past state of desertification (1982-1984)

5. Present state of desertification (1998)

6. Desertification changes and hazards (2010)

7. Landscape types

8. Land use 

The analysis of the situation shows that in case of the further elevation of a sea level, there will be significant expansion of the inundated area, that will lead to occupation of hundreds thousands ha of precious fertile land and vast pastures. Settlements, industrial enterprises in the coastal zone, reailway and highways, oil and gas pipelines, recreation area will be included into a flooding and erosion zone.
The causes of origination and development of desertification processes in the region are  both natural, and anthropogenic factors. The desertification processes of high intensity are widespread in northwest, northern, and especially eastern coast of the Caspian sea. These regions are located in semi-arid and arid climatic zones, where the natural conditions create favourable premise for development of desertification processes, and a large-scaled development of natural resources in the region has contributed more to aggravation of these processes. The western and southern coasts of the Caspian Sea have good natural conditions and less sensitive to desertification processes. Therefore the natural desertification processes are less expressed than in the rest part of the coast. However, there are certain centers, where technogenic desertification processes have developed (Absheron Peninsula). 

Another important reason of desertification development is frequent sea level fluctuations. During regression of the sea, the erosive and aeolian types of desertification are strengthened. In certain areas (especially in eastern part) during regression of sea, the salinization processes of soils is rapidly developing, an examples of this processes  is the spreading of vast salina surfaces. The abrasional desertification processes of the coastline are observed during a sea water level rise. This leads to destruction of the adjacent  objects. An increase of a sea level results to wide flooding of the coastal area in lowland territories which has a harmful influence on the environment of the territory. There are some large industrial objects and complexes, vast pastures and cultivated lands etc. in the impact area.

The total area of the studied and mapped territory is 399933,4 sq.km. 325076,7 sq.km or 81,2 % of this area is subject to different types and extent of desertification processes.  Approximately 38,6 % or 12449,83 sq.km of the total desertified lands are subject to heavy and very heavy desertification (table 3). 

The analysis of the state of desertification processes in certain littoral States shows the followings:

Table 3 Areas subject of heavy and very heavy degree of desertification by regions of the Caspian Sea  

types of desertification

Caspian Sea Region of
AREA IN KM² WITH SEVERE AND VERY SEVERE DEGREE OF DESERTIFICATION DIFFERENTIATED IN DESERTIFICATION TYPES


DEGRADATION OF VEGETATION
WATER EROSION
WIND EROSION
FLOODING, SALINISATION
TECHNOGENIC DESERTIFICATION
TOTAL

AZERBAIJAN 
7987.34
2891.81
281.41
3268.97
1177.99
15607.52

RUSSIAN FEDERATION
3049.16
0
13150.27
6918.30
0
23117.73

KAZAKHSTAN
9658.47
9670.81
9577.69
11324.82
18624.66
58856.45

TURKMENISTAN
523.89
1992.58
3610.05
6026.47
1796.16
13949.14

ISLAMIC REPUBLIC OF IRAN
8968.53
4691.09
74.42
184.95
0
13918.99

total Caspian region
30187.39
19246.29
26693.83
27723.52
21598.80
125449.83

3.1. Azerbaijan Republic

The Azerbaijan coastline of the Caspian sea is 825 km long, which is considered as a zone of an ecological calamity caused by an intensive raising of the sea level. There are industrial, trans1port, recreational, communication objects, large populated areas, agricultural lands in this territory. And some 800 sq.km of the territory is flooded and the economical damage is estimated in 12 billion USD.

Some 34300,6 sq.km of the total surveyed area is subject to heavy desertification processes and 15607,5 sq.km or 45,5 % are subject to a very heavy one (fig. 4) in the Azerbaijan Republic.

There are widely developed processes of degradation of vegetation in this country. A heavy and very heavy degree of this process has developed on the area of 7987,3 sq.km The degraded vegetative areas are located in Adjinaur and Gobustan lowlands where intensive human economic activities related with logging and grazing have been continued for a long time.

The mountain forests are less degraded, than a plains one and tugai forests in Azerbaijan. As a result of human economic activities the area of montane forests has decreased for 3-5 times, and the area of lowland forests for 13 times for the last 1,5 thousand years. The heavily degraded flat forests are available in Samur-Davachi and Lenkoran lowlands.

On southern slope of eastern part of the Major Caucasus in basins of some rivers (Pirsaatchai, Kozluchai, Chikilchai) the degradation of the forest is particularly disastrous character, as the forest belt almost is completely destroyed in connection with centuries-long intensive development of agriculture and animal husbandry.

The area under development of water erosion processes in the country is 2891,8 sq.km. The areas with high extent of water erosion processes occurr in the Gobustan District (Alam and Langibiz Ridges). Reasons of water erosion development processes are logging and over-grazing in steep slopes hilly areas and foothill regions of the uplands.

The flooding and salinization of the soil is found in Azerbaijan as in all littoral countries. These processes are widespread over an area of 3269,0 sq.km. Gentlly sloping lowlands areas of  Khachmas, Aghzybir, Gyzylagach, Lankaran coast and the littoral of south-eastern Shirvan have experienced the heaviest flooding. The width of flooding streak is 50 - 100 meters in Bogaz, Northern Absheron, and Lenkoran coast, 100-300 meters in Khachmas-Absheron, and 1000 - 2000 meters in the Gyzyl-Aghach Gulf and moutn of the River Kyur. As a result of flooding and raising of a ground water level within the Kur-Araz Lowland, Boghaz valley and in Gobustan coast, the solonchaks have formed. On arable lands of Kur-Araz and Samur-Davachi lowlands the ground-water level (1 to 2 m) 
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Figure 4 Map on the level of desertification in Azerbaijan

considerably has risen and therefore a salinization of soils occurs there, which results in lowering of productivity of agricultural crops, formation of new solonchaks and extension of the areas of old solonchaks.

The area of technogenic desertification in Azerbaijan occupies 1178,0 sq.km. 

The coastal zone of Azerbaijan has been highly developed from economical point of view, which is one of the reasons for development of technogenic desertification. The landscapes of Absheron Peninsula are subjected to strong technogenic contamination. The oil producing industry is located over an area of 20 000 hectares, 10 000 of them is contaminated and flooded by stratal water and oil, and the rest 10 000 hectares are heavily contaminated soils and reservoirs - lakes (2 000 hectares). 

Now in connection with intensive oil and gas extraction the desertification processes in weak and unstable semidesert landscapes take progressive and threatening nature. The crude oil and gas production has also exerted influence on condition of the majority lakes of the Absheron Peninsula. So, 165 of 200 small and large lakes-reservoirs have been contaminated by oil, sewages from industrial enterprises and inhabited localities. The most unfavorable conditions was shaped in the region of Baku where accumulated more than 30 % of the population and 50 % of industrial power of Azerbaijan.

The deflation processes have developed over an area of 281,4 sq.km. And the main region of their spreading is the Caspian sea coast, where weakly fixed and movable  marine sands have developed. The main sand massifs are located in the Absheron Peninsula and coastal zone of the Khachmas and Davachi Districts. 

3.2. Islamic Republic of Iran (IRI).

Iran is situated on the southern part of the Caspian Sea. The length of the Iranian coastline of the Caspian is 1000 km. It encompasses a narrow coastal zone of 50 kms width, as from the south it surrounded by Elburs Mountains. The considered coastal zone is one of economically developed regions of Iran. The coastal zone is rich with natural resources  and has favourable climatic conditions for development of agriculture and forestry.

Total area of inspected and mapped territory of the Iranian coastline of the Caspian is 55496,1 sq.km, 13919,0 sq.km or 25,1 % of them only are subject to heavy and heaviest  desertification processes (fig. 5). The desertification processes are absent in 20790,7 sq.km area, that makes 37,5 % of the total area under examination, and weak desertification processes have developed over an area of 13139,0 sq.km (23,7 %), and the moderate extent of desertification processes is characteristic for an area of 7318,2 sq.km (13,2 %).

Figure 5 Map on the level of desertification in the Islamic Republic of Iran
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The weak sensitivity of considered territory to desertification processes is explained, first of all, by favourable natural environments, where natural landscapes differ by sustinability and stability to desertification processes. The humid type of climate is prevailing in southern and southwest parts of the Caspian coast with the total annual precipitation of 400 - 1800 mm, which allows for magnificent growth of forest and grass, that largely detains and slows down development of desertification processes.

South-eastern part of the coastline has arid climatic conditions, which are the reasons of aggressive development of desertification processes.

From the other hand, broad reclamation of the area and high density of the population are  reasons of development of anthropogenic desertification processes, especially in the course of recent years.

The increase of a level of the Caspian sea largely results in degradation of natural and anthropogenic landscapes by flooding and waterlogging of the lowland plains, where the processes of water erosion and salinization of soils develops.

On the Caspian coast of Iran, some 8968,5 km2 of land is subject to processes of heavy and very heavy degree of degradation of vegetation. The areas with this type of desertification are observed in submontane regions of mount Elburs, where the logging of arboreal vegetation for fuel and building materials was carried out from ancient times. The chopping down of vegetation for clearing grounds under bogharic agriculture is also contributes to the development of this type processes. The degradation of vegetation is observed also around settlements and cities with excessive and constant felling of bushes and grazing of livestock.

The processes of a water erosion has heavily developed at the area of 4691,0 km2. These areas coincide with submontane areas with a hilly relief, where the vegetation was chopped down for development of bogharic agriculture. Thus, the regions with bogharic agriculture are the main origins for development of this type of desertification. The processes with a moderate and gentle degree of water erosion are characteristic for arable land situated on submontane plains with gentle inclination. Such vast areas are located in the vicinity of cities Pesht, Babol, Bender Turkmen.

The processes of a salinization are characteristic for eastern part of coast of the Caspian sea. Salinas are widespread here, their genesis is directly linked with sea level fluctuations. The salinas are widespread in region of the Turkmen-Iranian border, to the east from the city of Gumishan.

The areas of a wind erosion spreading are small and associated basically with inshore sand dunes.

3.3. Republic of Kazakhstan.

The length of the coastline is 1600 km. 

Arid climatic conditions in eastern part and semiarid in northern part of the shore determine a high susceptibility of landscapes to the desertification processes. 

In the course of the last decades, in connection with intensive development of oil and gas fields in the Kazakh littoral, the anthropogenic load has risen to a large extent. All this results in loss of sustainability of fragile ecosystems of desert and semidesert landscapes of the region. Building of the inhabited localities, roads, laying pipelines and electric-power lines, production of building materials fostered the deterioration and destruction a soil and vegetative cover at the considerable areas. 

Another factor contributing to development of desertification processes in the region of Kazakh coast is the modern transgression of the Caspian sea. Especially in northern and north-east parts, this process lead to advance the coastline deep into the continent on certain areas at the distance of 50-70 km, in 1995. 7 settlements and 127 oil-wells had become inundated in the Atyrau district by July 1995. Farmlands and game reserves were inundated. In total, 43 oil fields, including such big as Tenghiz, Korolekskoye, Kalamkas, Karazjanbas are comprised into the area of probable flooding in Kazakhstan. A number of oil fields (Martishy, Pustynnoye, Karaarna), which are are being developed are continuously flooded by sea during surges and serve as big source of contamination of soil, underground waters and waters Northern Caspian.

The total inspected and mapped area of the Kazakh littoral makes 137133,6  km2, from this, 58856,5 km2, that makes 42,9 % of studied area (fig. 6) is subject to strong and very strong degree of desertification processes. 

The areas, unaffected by desertification processes, are not large and make only 24,4 km2. The area of 3174,7 km2 is subject to slight desertification processes, that constitutes 22,9 % from the total desertification area, the areas with a moderate degree of desertification make 46902,5 km2 (34,2 %).

In Kazakhstan coastal region, the most widespread type of desertification is the technogenic one. Strong and very strong degree of this type of desertification is observed on the area of 18624,6 km2. Mainly, these areas coincide with regions with intensive development  of natural resources of the national economy. First of all, it relate to areas with oil and gas development (Tenghiz, Korolek, Kalamkas, Karazjanbas, Martishy, Pustynnoye, Karaarna etc.). 

Figure 6  Map on the level of desertification in the Republic Kazakhstan


There is a heavy pollution and deterioration of a soil and vegetative cover by oil products, heavy metals, radioactive matters in these regions. There is a very dangerous for biota type of desertification – oil pollution of the Caspian, arising in the course of a sea-level rise and inundation of inshore poorly suspended wells and contaminated areas.

There are developed processes strong and very strong soil salinization and inundation at the considerable area - 11324,8 km2. Moreover, all these processes are distinctive for a northern and north-east lowland coasts of the Kazakhstan littoral, particularly in within shallow gulfs Kaydak, Mertvy Kultuk, Komsoletz.

Flooding and waterlo

gging processes are one of the main consequences of a modern transgression of the Caspian. By 1998, the area of temporarily and permanently flooded terrains had constituted 12000 km2. When the sea-level rise stopped at the level of -27,0 m, 357000 ha of agricultural landere inundated and gone, irrigation facilities located in the river deltas, roads, pipelines and other objects were flooded. 

Processes of waterlogging were observed at the distance of 1-3 kms from shore line, paticularly in sandy rocks with good water permeability. This process is widespread at northern and north-east coast, where the waterlogging of basements in inhabited localities is quite often.

The areas of 9670,8 km2 underwent to processes of water erosion. The following components of the process gained the widest spreading: surface washout, gully and river-channel erosion.

The surface washout develops due to precipitation on sloping areas denudation and accumulation valleys, slopes of scarps and Baer knolls, uplands. Despite of little precipitation, the surface washout has essential importance in contemporary desertification of region, as there are conditions, favourable for its development: poor turfing of the surface and loamy and sandy rocks susseptible for soaking and washing out.  Greatest intensity of the surface washout is marked on north-east coast, and to the lower  extent in the south, on the plateau Ustyurt.

The linear erosion, linked with surge phenomenon, is a feature of the Caspian littoral region. Small natural depressions, which become a channel for interim watercourses, are aggravated under surges.

The gully erosion, not related with surge phenomenon, is manifested under the presence of certain climatic conditions (intense rains), scarce of vegetation, inclination of a surface and loose, easily washable deposits. Economic activity plays a special role in initiation of the gully ersion. Areas with the development of the linear ersion are found in the region of the oil fields Kulsary and Tanzjigaly, where this process has developed mainly due to technogenesis.

The processes of a wind erosion dominate at the area of 9577,7 km2. They are mainly associated with sandy surfaces. At wind speed more than 4,5 m/s, sandy particles with the size of 0,25 mm start to move. The number of days in one year with a high wind velocity (15m/sec) in region of researches, makes 45-50 days, in average.

On the Kazakhstan coast, the vast wind deposits are shaped on both sandy and sandy loam surfaces belonging to Late Khvalyn and Early Novacaspian transgressions of the Caspian and also on synchronous alluvial-deltaic deposits of the rivers Volga, Ural, Sagyza and Emba. The processes of deflation are characteristic for sandy masses of Narykum and Caspian littoral Karakum.

The speed eolian processes significantly increase under anthropogenic impact. It confirms distribution of unfixed sands around settlements, wells and other economic objects (the settlement Tsatay, Senek etc.)

The processes of vegetation deteroration are developed everywhere, however its strong and very strong degree predominate on the area of 9658,5 km2. The main reasons of a deterioration of the vegetative cover are: cuttings down, excessive grazing, erection of national economic objects, soil contamination with various waste and substances. 

There are 7 main forms of a deterioration of a vegetative cover occuring in the Caspian littoral:

Oil and heavy metals pollution

Overgrowing with toxic and hardly edible species and scrubs

Change of dominants

Disruption of layer structure of communities and loss of biodiversity of species composition.

Decrease of productivity

Disruption of age composition of coenopopulations

Loss of valuable, rare, endemic and endangered species with reduction of their natural habitats

3.4. Russian Federation

The coast of the country occupies the northwest part of the Caspian sea. The total lenth of shore line of the Russian coast makes 695 kms, from which 490 kms is the shore line of Dagestan, 110 - Kalmykia and 95 kms of the Astrakhan region.

Arid, semiarid landscapes of fluvial deltas, mountains and alluvial valleys predominates in the coastal zone.

The natural premise of development of desertification processes in the surveyed region are: climate dryness, low productivity of natural vegetation, availability of light soils, high salinity of a substratum, intense activity of winds.

Increase of a level of the Caspian sea plays an important role in the development of desertification processes. It results in large changes in a coastal zone, where an inundation lowlands, waterlogging and salinization of soils takes place.

There are 400 thousand ha of coastal areas, including 12 thousand ha of irrigated land are flooded in the Astrakhan region. There are 150 thousand ha of agricultural land inundated in the Republic of Dagestan. In the Republic of Kalmykia the area of farmland in a flooded and waterloged area makes 70 thousand ha. Many settlements, industrial objects, road, oil-fields are flooded.

The processes of coastal zone desertification are also connected with anthropogenic impact on landscapes. Such forms of anthropogenic activity as the industry, mining of mineral resources, fisheries, pasture, land processing, building of settlements, roads, setting up oil and gas pipelines, power line etc. are widespread in this region. Concerted effect of active economic activities and increase of a level of the Caspian sea spawns various negative processes, including desertification.

The total area of surveyed and mapped of territory in the Russian Federation makes 84006,7 km2. From this, there no desertification processes on the area of 34820,9 km2. Weak desertification processes are marked on the area of 15504,2 km2 (18,5 % of the total inspected area), moderate desertification processes are developed on the area of 10563,8 km2 (12,6 %).

The processes with a strong and very strong degree of desertification are widespread on the area of 23117,7 km2, that constitutes 27,5 % of the total surveyed area (fig. 7).

The most widespread type of desertification with a strong and very strong degree is the deflation. 

Figure 7 Map on the level of desertification in the Russian Federation
The areas susceptible to this process, make 13150,3 km2. Usually, deflation processes develop along with the deterioration of a vegetative cover. It is most typical for sand masses and for surfaces with a light mechanical structure.

The main factors of development of this process are dryness of the climate, widespread occurrence of soils with a light mechanical structure, availability of strong winds, excessive grazing, cutting down, plowing of light soils.

The strong and of very strong degree of deflation is developed in the northwest part of the Russian coast. The Black grounds and Kyzlar pastures are located here and the natural ecosystems are heavily deteriorated due to constant and excessive grazing, the vast areas of unfixed sands. Many settlements remain abandoned.

The processes of inundation and salinization of soils coincide with lowlands. These processes have developed on the area of 6918,3 km2.

The inundation exerts disastrous effect on inshore ecosystems, on economic and residential infrastructure. The rise of a level of the Caspian sea results in passive inundation of land, which is aggravated with surge phenomena. Surges with the height of 2-2,5 m, which temporarily flood the vast areas of farmland of the coasts of Kalmykia and Dagestan, frequently occur in the region.

The flooding has heavily affected particularly the region located between deltas of the rivers of Volga and Terek, where the shore is rather gently sloping and have minor tilts (0,0001).

The processes of soil salinization develop particularly in places, where the soil and ground and groundwater are saline. The salina depressions are found on certain areas the Novacaspian plain. According to genesis they are residual marine, alluvial or deltaic formations. The vegetation of salina depressions represents of brakes of glophits.

The processes of a secondary salinization of soils develop on irrigated lands. There were activities on land cultivation on certain areas of the Novacaspian plain in 70th: large areas were ploughed up and conducted irrigation canals for this land. In this connection with this, the processes of secondary flooding started to develop due to unregulated watering. Some water begins to seep through beds when irrigation canal are in use for a long time. Long-time excessive watering and filtrations of water result in the rise a ground water level. This water rises on capillaries to a daylight area, where it evaporates, and the salt is left. It is established, that up to 10000 m3 of water evaporates from one hectare in desert areas of a moderate belt during one year, and up to 20 tones of salt is left in soil remains.

The processes of a strong soils salinization have developed in the Komsomolsk, Liman regions and in the region Manych hollow. The areas of a secondary ground salinization only in the Republic of Kalmykia constitutes 105 thousand ha.

The deterioration of a vegetative cover is one of widespread desertification processes in the region. The areas with strong and of very strong degree of deterioration constitutes 3049,2 km2. As mentioned above, this process always develops together with processes of a wind erosion.

It is difficult to separate these two processes during a small-scale mapping, specially on sand masses. For example, it was noticed by many explorers that these processes have heavily developed on the Black grounds. Reasons of development of both processes is uncontrolled excessive grazing on environmentally fragile grounds. The pastures of these grounds are 4-fold overloaded. As a result, there is a simplification of vertical and horizontal pattern of phytocenosises, loss from vegetation of precious species of fodder plants, reductionof projective cover and decrease of productivity of pastures. 

The strong degradation of a vegetative cover has developed on left bank of the river Volga. In general, pasture-cattle-breeding usage is the feature of the region. The certain areas of the area were ploughed up with the purpose of development of irrigation and bogharic agriculture. However, the agriculture turned out ineffecient. All this has resulted in development of processes of vegetation deterioration and deflation.

The gentle and moderate deterioration of a vegetative cover is widespread all over the region (Kargaly, Aleksandrovskaya regions, to the north from Makhachkaly etc.)

3.5. Turkmenistan

The lenth of the Caspian coastline of Turkmenistan makes 1200 km. The coastal zone is mainly occupied by sandy deserts, salinas and upland plateaus. A hot and dry climate, frequent winds create favourable conditions for development of desertification processes in this zone.

The anthropogenic factors influencing the desertification are: oil and gas prospecting and development, pipe and electric lines laying and oil and chemical industry, pastural animal husbandry.

The water level rise of the Caspian sea has resulted in the change of coastal geologic and geomorphological of processes and accordingly desertification in a coastal zone. Vast  inshore areas are inundated by sea (Balkhan, Kelkor, Atrekskiye troughs), where Caspian water has advanced deep onshore accordingly 35, 5 and 7 km., numerous coastal economic facilities were destroyed by sea.

Particularly, we should mention the Kara-Bogaz-Gol gulf. It is well known, that the regular fluctuations of the Caspian sea  are exerting especially strong influence on its status. So, in 1980 with the aim to prevent decrease of a level of the Caspian sea, the gulf was separated by a dam and it almost completely dried up during the next three years. Salt and dust begun to be driven out from its surface to the adjoining areas. 

In 1984, the dam was provided with pipes letting a small volume the Caspian water into the gulf. In 1992 the dam was demolished and now all area of the gulf (18 thousand km2) is covered with water. The abrasion-accumulation processes begun to develop on its shores. 

Thus, active human economic activities, often fluctuations of a water level in the Caspian sea and spreading of landscapes highly sensitive to desertification stipulate broad development of large-scale negative processes of miscellaneous types and degree in the coastal area.

The total area of surveyed and mapped territory of Turkmenistan littoral of the Caspian sea makes 88728,6 km2. From which the territory with the area of 53916,6 km2 (60,8 %) is subject to gentle and moderate processes of desertification. They are located on areas  remote from settlements and roads and are poorly utilized in economic regard.

The processes with a strong and very strong degree of desertification have developed on the area of 13949,1 km2 (15,7 %) (fig. 8).

The processes of a salinization, flooding, inundation and waterlogging, which occupies the area of 6026,5 km2, are widespread at the considered area. They are mainly associated with coasts of gulfs: Turkmenbashy, Balkhan, Uzunadin and also with lowlands.

Under onshore advance of sea, soil and grounds of gulfs are exposed to more saline part of seawater and consequently their salinization quickly happens. Marshy salinas are left in such areas after seasonal and surge lowering of sea. If they will not be inundated by sea again afterwards, then a strong vaporization from the surface occurs and a thick solonchaks are formed. It is well observable in eastern part of Balkhan and Uzunadin embayments.

Especially vast areas of the saline soils are in a southern part of of the region, where the ancient delta of the river Atrek is situated. The saline soils are represented with takyrs and dry solonckaks. Many patches of these soils are the grounds of an ancient irrigation (Messery valley).

Figure 8 Map on the level of desertification in Turkmenistan


The residual solonchaks, the biggest is the Kelkor solonchak,  are widespread in the region. Because of heavy mineralization of soil and grounds and groundwaters (more than 100 gr/l) the solonchaks are almost deprived of a vegetation and consequently they have small economic resources.

The processes of deflation (wind erosion) are specially active in sandy, alluvial, deltaic and marine plains. The intensive deflation takes place in places of disruption of a soil-turfy cover, under the influencing of anthropogenic factors. The pastoral usage of sand massifs is at the first place  for Turkmenistan littoral of the Caspian. Another reason for the development of deflation is industrial development sands - prospecting and construction works, vehicles and machine traffic. Any human activity in sand desert unintentionally becomes a reason of origination and development of deflation.

The areas with strong and of very strong degree of deflation on Turkmenistan coast of the Caspian constitute 3610,0 km2. They have developed on sand massifs of Dardjalkulma, Kyzylkum, Sainaksak, on western border of the Meshedykuma sands, on a peninsula Cheleken. A strong deflation is observed on certain areas of large solonchaks (the solonchak Kelkor).

The processes of a water erosion with a strong and very strong degree have developed on the area of 1992,6 km2. They are characteristic for mountains and piedmonts of Major and Minor Balkhan, hill ridges of Western Kapetdagh, submontane plains, scarps framing the gulf Kara-Bogas-Gol.

The factors stipulating development of desertification processes in region are the following: 

Mode and quantity of precipitations;

Catchment area;

Slopes of the landscape;

State of a soil-vegetative cover; and 

Influence of economic activities on the indicated components: cuttings down of tree-bush vegetation, excessive grazing.

The deterioration of a vegetative cover is a predominating type of desertification for the biggest part of the region. In general, it has developed on the area of 24035,1 km2 (27,1 %). However, its strong and very strong degree have developed on a rather small area - 523,9 km2. It is accounted for a sparse population and its provision with a «blue» fuel (gas),  and poor  watering of pastures in a peripheral part of the region.

The areas with a strong deterioration of vegetation are located around of inhabited localities, industrial objects and wells. It was established, that there is a patch of strogn deterioration of vegetation, so called «desertification spots» around each well with an average diameter of 2 - 3 km. The processes of technogenic desertification have developed on the area of 1796,2 km2. Their genesis is mainly connected with industrial development of the area, and first of all with prospecting and extraction of hydrocarbon raw materials.

These processes have a local - central distributional pattern. In connection with active development  of oil and gas resources, the quantity and areas of such centers are constantly enlarging. Specially large centers of technogenic desertification are situated around industrial cities (Turkmenbashy, Khazar, Balkanabad) and big oil and gas fields (Kuly-dagh, 26 Baku Commissioners, Ekerem, the peninsula Cheleken). The environment at these areas is heavily contaminated by oil products and many areas are flooded by oil.

The turf cover on a streak from 50 to 200 m. is entirely destroyed in the course of oil and gas pipe laying. 600 ha of heavily deteriorated area is shaped around each gas field. Destruction of soil and vegetative cover occures near every drilling installation in radius not less than 100 m.

An extremely dangerous situation has arisen on pipe lines, located at coastal part of the Caspian sea, which are flooded and broken down in majority. The most dangerous area by environmental pollution is the region of the settlement Bekdash, where the consequences of a sea-level rise and technogenic desertification are heavily reflected on natural landscapes and on social and economic state of the region.
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