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Setting of desertification problems in the Russian coastal region

Among numerous different negative occurrences on the Earth one of the most dangerous is desertification. In many arid and semiarid regions of various countries desertification became a key factor in context of natural ecosystems sustainable development.

One of the definition of desertification is the following: the whole complex of natural and anthropogenic processes which lead to degradation of all organic life forms and lowering ecosystems natural economic potential within arid and semiarid regions. Classical desertification coexist and interact with the sea level rising in the Russian sector of the Caspian Sea coast, especially in the part closest to the sea. This interaction caused various ecosystems transformation processes such as desiccation, soil and water salinisation, degradation of vegetation cover, destruction or disappearing of some ecosystems types, changing landscape boundaries and so on. Thus, in the studied territory we can see two groups of acting factors. Intensity, deep, rate and time of interaction between them forms the basis of landscapes (or ecosystems) diversity. Main natural changes during observation period also depend of these groups of factors, their interaction and intensity.

Arid region of Russian sector of the Caspian Sea coastal zone covers south and south-west parts of the Caspian Coastal Plane, deltas of the Volga and Terek rivers and narrow land stripe between the Caspian Sea and Caucasus Mountains in Dagestan Republic. It includes parts of three administrative divisions: Dagestan Republic, Kalmyk Republic and Astrakhanskaya Oblast. We consider the coastal zone as a territory located not far then 100 km from the coastal line. There are territories with strong environment degradation under impacts of desertification process and simultaneous sea level fluctuations. 

Thirty years ago there were no real deserts in studied region. Activation of desertification process in the Caspian coastal zone of Russian Federation began more then 25 years ago. During several last years, twenty-five settlements in Kalmyk Republic have been buried under the sands of new desert. Each year desert claims up to 120,000 acres in Kalmyk Republic and in some places is expanding to the rate of about thirty miles a year. 

Most of desert areas in the studied region appeared due to human impact, so they are man-made deserts. Prior to the 1970s these territories had been verdant grasslands grazed by cattle, sheep, horses and camels. Sheep were bred mainly for their meat rather than their wool. However, the introduction of Merinos bred for their wool meant that between 1970 and 1990 the sheep number rose from 890,000 to about four million. Compared with the traditional sheep species, Merinos cropped the grass more intensively and their narrower hooves tended to break up the sandy soil to a greater extent. Introduction of new species of sheep and overgrazing lead destruction of soil surface and wind erosion. Open sands areas spread very quickly and now more then half of territory are deflated.

Within Dagestan republic most of territory is occupied by the Caucasus Mountains thus, desertification is characteristic only for narrow strip of the coastal zone where overgrazing is the chief factor of desertification as well. 

Relief and geology

Most part of considered region occupied by the Caspian Coastal Plane. It is flat lowland built of horizontal strata with absolute altitudes from –28 m beneath sea level to 2-3 m above sea level. It lays on the Russian platform and partly on the Skiphian platform. According to geomorphologic classification the Caspian Coastal Plane belongs to accumulative flat planes of platform depressions, feebly transformed by subaerial processes.

On the Quaternary and Neogene geologic periods this region was covered by water of sea transgressions several times. In the Quaternary period this process took place during Khazar and Khvalyn transgressions. So for this territory alternation of marine deposits with terrestrial is characteristic. As a result layer of loose rock sediments, mostly from sand and loamy send materials was formed. Closer to the Caspian Sea thickness of sand deposits increased. In general the Caspian Coast Plane can be divided in two regions.

First one includes northern part of loamy accumulative plane, which gradually inclined to the south (angles are decimals of degree). Within the borders of this region there are no big rivers excluding the Volga River, but to the west from the Volga there are chains of narrow enclosed depressions 1-4 m depth called limans. They are traces within ancient Volga River deltas. On flat surface of the semi-desert plane in arid climatic conditions any highlands and rough caused redistribution of rainfall water and unequal humidification of territory and moisturising of depressions. It furthers of underwashing process and formed shallow depressions with flat bottom.

Positive landforms have salt tectonic or biogenic origin. Main relief features of salt tectonic origin are salt domes. Minor surface landform 0,2-0,9 m height is a result of rodent activity.  A lot of gophers make small hills 0,2-04 m height around they minks. These hill alternates with shallow depressions and low highlands formed specific relief and cause mosaic distribution of soil types and plant associations. 

Southern part of the Caspian Sea Plane consists of sand and loamy sand sediments. There are no erosion and underwashing processes here at present time. Main relief features are formed by wind activity, which create waste areas of various aeolian landforms such as sand hills, sand ridges, barchans and dunes. The biggest sandy areas spread on both sides of the Volga delta, smaller are situated in the Kalmyk Steppe and along the Kuma River. 

Climate

The climate of studied region is continental and arid. The considered area lies in the Continental East-European Climatic Region. The most part belongs to the temperate belt of the Northern Hemisphere, but some areas can be classified as dry subtropics (by precipitation and total positive temperatures). The present-day northwestern coast of the Caspian Sea is characterised by a long dry period, aridity, and lack of runoff. It is particularly true for the southern part of the Dagestan coastal plane. The Caspian Sea moderates the climate of the narrow coastal strip of 30-40 kilometres wide. It generates coastal breeze changing its direction twice a day. The local winds of the Volga delta blow from the sea cause water uplifting called Moryana.

The mean air temperature and total positive temperature increase from north to south. The mean temperature in the northern part of the Astrakhanskaya Oblast is 10(C, while in the southern part of Dagestan, it is 20-22(C. The total solar radiation varies from 4800 to 5050 MJ/km2 year, the total positive temperature is 2800-3700(C.

Mean precipitation changes from 240 mm in Astrakhanskaya Oblast to 450-470mm on the south of Dagestan. Average subtracts between precipitation and evaporation is negative and varies from –400 to –700 mm. Surface flatness further free movement of air mass. Long time during a year Caspian west cost is under influence of Siberia anticyclone, so east Northeast and Southeast winds with frequency of 55% in some place prevail.

Mean precipitation during warm part of the year (April - October) varies from 160-200 mm on the north to 100mm on the south. Late spring summer and autumn is characterised by high potential evaporation  (800-1000mm), large humidity deficit (30-40mm), high air temperatures and dry winds. It is time of intensive surface water expenditure, when rivers, small lakes and wells dried, and rainfall water evaporate fast and can’t drench the soil. 

During cold period (November-March) mean precipitation is 65-80mm, but this is period of water accumulation, which expense in summer. Snow cover is main sours of water. It is distributed irregularly: it is blown away from open places and is accumulated in lowlands and closed depressions.

On flat surface of the Caspian coastal plane desert even a small uplands cause irregularity in rainfall and ground water distribution especially in snow melting season and during rare downpours. In spring water collected in lowlands (limans, depressions and microdepressions), provide ground water accumulation. Amount of accumulate water depends of size and depth of depressions. Snow melting water accumulated under larger depressions further soil demineralisation and ground water desalinisation.

Mean air temperature and dryness in Caspian Coastal Plane increasing both to the south and to the north. In the same directions ground water amount decrease and gradual landscape desertification increase.

Assessment of all desertification types 
Comparative remote sensing of high-altitude aerial and space images for the period of regression and modern transgression of the Caspian Sea showed, that within flat coast of Kalmykian and North Dagestan transgression occupied a wide strip, where flooding, formation of lagoons prevail, and shift of all complex in the direction of dry land formation is characteristic. Within the foothill of Dagestan the basic changes have place in a narrow coastal zone, here wave transformation of coastal zone structure  (abrasion - on steep slopes, formation of swells and bars in combination with lagoons behind them - on low sites) actively undergo.

The modern rising of the Caspian Sea level (which is more than 2 m) starting since 1978 caused essential changes in a coastal zone. The study of these transformations is extremely important for development of land use strategy in conditions of the Sea regime changing (from regressive to transgressive). Such study is executed on the basis of comparative remote sensing of aerial and spaces images for different years. The majority of images are taken in the same season (in June-July), that raises reliability, where the Seasonal watering fluctuations is essential.

In a result of comparative remote sensing analysis for different years some schemes of changes in a coastal zone for eight sites of the Russian coast were produced; the analysis of changes on all 7 sites is given below.

Kalmykian coast (northern part)

The coast of Kalmykian is characterised by prevalence of drained lands. Along coastal line wide land strip drained by wind with dense reed vegetation is stretched. It essentially complicates identification of a water edge, which varies here due to significant influence of winds. However reed contours on drained lands are clearly traced on images. Though the reeds are capable to survive in places where level of Sea water is up to 1,5-2 m, reeds cover entire Kalmykian coast, apparently, under influence of river flows it is starched parallel to coastline. The 1-m isobath passed in 5-6 km from its external edge. Therefore it is possible to assume, that any changes of depths as a result of the rising sea level, abrasion and so on is resulted in displacement of reed external edge either towards to dry land (at increase of depths) or further to the sea (with sediment accumulation and coast growth). Thus, the migration of reed vegetation edge can serve indirect criterion of the certain dynamic transformations in the coastal zone, which underlie changes of a vegetative cover. On this assumption the remote sensing of space images was based.

Comparative remote sensing has shown that for the period of modern transgression (1978-91) the contours of drained reeds in the northern part of Kalmykian coast (from Vishkinskaya Kosa peninsula to Lagan) were slightly transformed. It could be explained by influence of circumjacent flat shoal of the Volga delta, which plays a role of natural "buffer", constraining influence of the rising sea level. Probably, this buffer influence will be minimised by rise of the Sea level up to  -26,5 m. In this case rising level of the Caspian Sea, instead of the river drain, will define the basic processes and phenomena on low coast delta environmental.

Thus, in northern half of Kalmykian coast accumulation processes which were usual for this area during previous long regressive period in the Volga delta, is characteristic. They are especially strong in the upper part of gulfs between typical for this coast scalloped heads (near Vshiviy peninsula, along western board of the Ilmen-Tatarskaya shoal), on small sites, of 2-3 km long, increase of a coast on width up to 0,5-1 km is observed. In the south of this coast the influence of the rising sea level grows a little, that was expressed in expansion of drained reeds  (from 1 up to 2 km). From the backside of desiccation the lagoon 1-2 km wide with a complex configuration has appeared, wind-induced surge waters and groundwater feed it. From the coastal part of lagoon waterlogged is traced. Within the coastal territory of a dry land wetting increases: the underflooded sites along the Caspian canal and some new lakes and reeds in depressions appeared.

The essential "internal" changes could be traced using space images in area of Caspiysk City (Lagan). In its vicinities extensive spaces of meadows, pastures, fields were flooded inspite of water-holding dams system constructed here after the Sea level fell down. Such sea water held by dams (in conditions of the Sea transgression) has approached almost closely to city and has surrounded a site with treatment facilities, therefore the threat of waste water sinking in main diversion canal has appeared, which is used for water supply of the population. The part of the city territory is located in a zone below -25 m, where depressions underflooding is already observed, and further flooding by sea water is possible.

Kalmykian coast (southern part site 2)

For this piece of coast of Kalmykian (between Morskoi and Ivan-Karaul islands and the Kizliar gulfs), located south of the Volga delta some slopes increase of a coastal zone and more essential influence of the rising Sea level is characteristic. This influence was expressed, first of all, in significant regression of drained reed areas (which is sometimes 1-1,5 km) along this entire coast. Along natural levees, steam-bank erosion of some accumulative landforms took place. Sediments accumulation is observed only in pre-influx part of Western Darginkiy Bank, where the Kuma river’s deposits is sedimented, these accumulation processes is partly compensate rising Sea level.

At the same time along receding sites, line of new reeds having on space images view of longitudinal strips appeared. It reflects formation here series of young coastal levee formed at the expense of washout material of the Sea banks in the upper parts of an underwater coastal slope. Thus, the representation about passive (without wave reorganisation of a coastal zone structure and deposits redistribution) flooding of low Kalmykian coast by the rising sea does not correspond the reality. 

The significant drainage expansion is traced also at the expense of its growth to land: in 1978 width of drained territory strip was 1-2 km, and now it is 5-10 km. In this part along all seacoast at 1991 a steady lagoon was generated. This lagoon is visible even on small-scale scanned images of the average resolution received from the Resource 0-1 satellite, it is allocated as a black twisting strip on a light background of semi-desert. Besides, behind a lagoon on a colour image it is possible to allocate a zone of water logging about 3 km wide having more saturate, in comparison with surrounding semi-desert vegetation.

Area of Bryansk and Siutkinsk spits

To the south of the Kizliar gulf, where the Novocaspiyskaya plain directly come to the Sea, in the Holocene and at the present period, abrasion and accumulation processes prevail. They are expressed in formation of series accumulative landforms alongside Holocene coastal lines, alternating with abrasion benches.

Bryansk and Sutkinsk benches - the largest sea accumulative landforms of this area - correspond to last stages of Novocaspiysk basin development. They were successively formed (Bryansk - in XVI-XVII, Siutkina- in XVIII-XIX during the sea transgression period and intensive washout of circumjacent ledges of the Terek delta, which material was transferred by prevailing Southeast wavement of northern direction. As a result accumulative landforms were formed.

The transformations of this seacoast proceeded in last decades of a regressive stage and were connected mainly with washout of separate seacoast sites in conditions of increasing sediment deficiency in the coastal zone in combination with displacement of the main the Terek runoff to the south, and then - to an artificial outlet  (beyond the Astrakhan spit). For this time the coast has retreated here on 150-200 m, and washout material from the root part of the Siutkinsk bench settled out in another part of bench, where there coast increment had place. Accumulation processes also had place in artificial canal influxes. These canals were constructed for irrigation waters dumping (Bryansk, Kizliar-Caspian). In a mouth of the Bryansk canal by 1980 the small delta was formed which has been put forward in the Sea approximately on 700 m.

The modern rise of the Sea level has caused ubiquitous flooding of low Seacoast sites and partial flooding of drained sites and clay benches. It resulted in enhanced destruction of a coast and activation of earlier stabile coastal benches. Thus the large importance of wave movements should be mentioned, height and land forming role of which on this piece of coast grow from the south to north. Remote sensing data for different years shows, that wave waters totally flooded young terraces of 1929 and reached slopes of washout bench which boarders with the Novocaspiyskaya plain. On edge of drained reeds narrow, but extended coastal shaft were formed. On distance of 0,5-1 km from the Sea one more line of shaft with crests rising above water is traced; the part of them in area of the Bryansk spit and to the north from it existed before, but the majority was not traced earlier.

While wave waters act the Briansk canal delta is wholly flooded as well. In its rear part rather wide lagoon with constant watering regime was generated. It testifies that in conditions of modern transgression the solid sediments accumulation doesn't compensate fast Sea transgression, and the delta more and more passes in an underwater condition.

In last years intensive watering within inner edges of the Bryansk and Siutkinsk spits had place. It is especially characteristic for the Bryansk spit, surrounded by more beach underwater slope. Surge waters braked through the most external shaft, and the sea periodically flooded former lagoon behind the shaft, which is 1-1,5 km wide and about 10 km long. Similar flooded lagoons were formed also by stadium shafts of the Siutkinskaya spit. At it back edge, where sedimentary material from the south abrasive benches is still settle out, the narrow young shaft 6 km long bordering external edge of drainage was generated. It clearly copied contours of the Siutkinsk spit’s bench. Formation of wide underwater accumulative platform in 1-3 km from coastline testifies also to accumulation processes prevalence even in conditions of Sea transgression.

Thus, in modern dynamics of a coast to the south from the Kizliar gulf, accumulation and water erosion processes (last ones are becoming more and more important) are main factors of the Seacoast development. 

Seacoast near the old Terek delta  to the south from the Siutkinskaya spit

During many decades this site was the source of sediment material for the Siutkinskaya spit. This material transferred to coastal zone was created at the result of wave and wash erosion of low (1-3 m) coastal heads. In the previous regressive period it was graded abrasive Seacoast, though in a maximum regression period (before 1978) washing away proceeded rather languidly and only during surges: alongside washout benches the almost continuous strip of drained reeds about 1 km width was generated. The smooth coastline was complicated only by small (up to 100m) ledges of tiny deltas developing in 1960-70 in influxes of artificial canals.

The modern sea level rise caused ubiquitous flooding of such deltas and narrow strips of wind-wave drying. It undoubtedly caused activation of benches washout though it's rather difficult to estimate the sea level quantitatively using only space images. In conditions of the modern transgression some reorganisation of underwater shaft system had place. The results of remote sensing showed; that on separate sites (where the old shaft was kept and some new ones appeared) up to four lines of underwater shafts existed.

As a whole, with rise of the sea level there was a further strengthening of typical for these coastal abrasion processes.

The Agrakhan peninsula

For the Astrakhan peninsula - the largest Caspian Sea accumulative landform, in the regressive period forming of sand and shell beaches was characteristic. On space images wide strips of the humidified beaches with series of narrow coastal shaft is precisely traced. Only in the north, in back part of the Astrakhan spit drained reeds around small sandy islands were developed. Hem of more open sand and clay drains were stretched also near the Agrakhan gulf.

At the end of the 50-th, after displacement of the Sulak river mouth to the south, the inflow of sediments to the Agrakhan shoal was sharply reduced, that caused water erosion of root riverbed. However in the beginning of transgressive period (1977-78) this site was in a wave shadow beyond young actively developing shoal, and water erosion here was practically stopped.

Expansion of dry territories in back part of the Agrakhan shoal in this period proceeded, due to inflow of sedimentary material from new mouth of the Terek river (it was directed in 1973 towards the edge of Agrakhan peninsula for emergency dumping in case of strong flooding. At this mouth quickly growing young delta was formed. The Sea transgression period starting from 1978 caused essential changes in the Agrakhan seacoast development. Practically along all peninsulas Seacoast and around Tchechen island formation of a narrow coastal bar had place. These bars were not high enough to block Sea waves it caused groundwater table rise and formation of narrow lagoon behind a bar.

At western Agrakhan coast series of large depression were flooded, These depressions were formed by Eolian activity and till 1978 remained dry.

The remarkable changes took place in the "new" Terek delta, which only in 1978 began to be formed after repeated opening artificial canal through the Agrakhan in 1977. In the beginning of transgression period the delta had the area less than 0,5 km2. Despite of the rising Sea level the delta continued to be formed and by September 1987 was put forward from coast on 1,4 km, and its area reached 3,2 km2. However further delta accumulation could not resist to the Sea transgression that caused reduction of the delta area by flooding its low coast, expansion of the lagoon's area and water erosion of its edges.

If the Sea transgression is continued up to a mark — 25 - 26 m’s the new Terek delta could be completely flooded. The renewal strong water erosion of root site of the Agrakhan shoal is quite possible if protecting it shoal of the Sulak delta be flooded.

The Sulak delta

Under influence of prevailing Southeast wavement the delta deviates to north and has mainly latitudinal orientation. In 1957 the Sulak river downstream was artificially cut to prevent floods in the river basin. This artificial canal redirected runoff to the south of delta, where young delta became to be formed. This delta intercepts most fluvial material. The old delta sea edge in conditions of lack of fluvial material becomes an object of intensive water erosion long before sea regime changed from regressive to transgressive. A water erosion material was moved to northern extremity of old delta and formed narrow and long (up to 5 km) spit, which almost completely blocked influx part of the Sulak bay. This spit serves as some kind of natural breakwater protecting root site of Agrakhan peninsula from wave influence.

The modern transgression of the Caspian Sea changed situation on a seacoast completely. The most essential changes was the flooding of low coast of the Sulak bay and more than half of the old Sulak delta (with young spit to north) by the Seawater. The flooding of young northern spit opened access of sea waves to a root site of the Agrakhan peninsula, which nowadays is actively eroded. Those processes were, to some extent, restrained by narrow (about 4 km) extended bar generated on shallow within flooded part of old the Sulak delta.

By 1991 the character of young delta development changed: fluvial material of the Sulak river can not compensate the Sea level rise. Besides, runoff afflux caused considerable reduction of sediment discharge. Therefore the sea intensively comes on delta, back part of which was flooded. In a back part of delta alongside both canal banks a series of wide (0,5-0,8 km) lagoons, separated form the sea by narrow coastal bars were generated.

In case of further sea transgression the water erosion process and flooding of both deltas (old and new) will proceed and in the future both deltas could be flooded entirely and break of river waters into the Sulak bay is also possible.

Dagestan coast in area of Caspiysk city and Adji lake

Before modern transgression period for this territory such landforms as sandy beaches and young terraces (up to 150 m wide) were characteristic. The formation of these terraces resulted then in slowing down of erosion processes. On a space images for 1991 it is well visible, that the modern sea transgression caused almost complete flooding of these young terraces. Water edge approached to the bottom of former abrasion benches that caused erosion activation. For seacoast area from Caspiysk to Manas cities strong scouring is characteristic

Considerable changes were traced on low accumulative sites of seacoast. Here near water edge the large coastal shaft of height 1,5 — 2 m high was formed, behind which flooded lagoons appeared. They were formed by storm waves, which overflow low bars, and due to rising ground water level. Such lagoon 200-300 m wide is traced to the east from Caspiysk City, where it stretched along coast on 10 km. Further from the sea there was humidifying of the old lagoon bottoms, which now are waterlogged and have dense reed vegetation. The chain of such wet lagoons is traced along coastal line up to Buinak cape.

Conclusion

The comparative analysis of the remote sensing data for the periods of the sea regression (mostly in 1978-79) and transgression (1991-92) showed that the influence of the Caspian sea level rise increased from north to south, with slope increased, and with changing prevailing accumulative landforms to abrasive ones.

Changes are traced clearly in the northern half of Russian coast (except the most northern site bordering with the Volga delta, which partly compensate modern transgression influence), where strip of transgressive occupies zone of several kilometres wide. Here flooding by the sea of low sites with some wave transformation of coastal zone structure (formation of coastal shaft near water edge) prevail, formation of lagoons in a backside of wind drying. The passive flooding by the sea is observed only in back parts of large accumulative landforms (such as spit deltas).

Southern half of Russian coast of the Caspian sea has broken relief and transgressive changes concentrate mainly in a rather narrow coastal strip (first kilometres), For this territory wave processing of a coastal zone structure abrasion of coastal shoals and formation of large coastal shaft near water edge with a wide lagoon behind them is characteristic. It is well-traced on space images on territory from Caspiysk City to Buinak cape.
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