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   Executive Summary: Long term ecological research program for
   monitoring aeolian soil erosion in Central Asia (CALTER)
   ============================================================
   Aeolian processes as manifested by sand and dust storms are natural
   events that occur world-widely in arid and semi-arid regions. The dust
   storms are both a symptom of serious anthropogenic land degradation,
   and a problem in its own right with dire consequences. In Central
   Asia, where sand and dust storms are common due to the vast areas of
   sandy, solonchak and clayey deserts, scarcity of vegetation cover and
   strong winds, large-scale anthropogenic changes lead to the formation
   of new salt/dust-emitting sites.
   The overall aim of the CALTER project is to develop the basis for a
   long-term ecologic research, which will set a baseline and found the
   basis for long-term monitoring of Central Asia, to investigate the
   temporal and spatial pattern of airborne salt-dust deposition across
   Central Asia, and model the current and future trends of aeolian
   processes in this region.
   The main strategic objective addressed by the CALTER project is the
   environmental protection based on combating desertification measures
   in affected Central Asian Newly Independent States coupled with
   capacity building of target countries.
   More specifically the objectives of the CALTER project are to:
     * 
       Setup a spatial database for monitoring the region in order to
       make the information available to a research network with further
       integration of the project’s findings into GIS database;
     * 
       Monitor dust storms using high temporal resolution remote sensing
       imagery concurrent with ground data collection and analysis;
     * 
       Study the frequency, distribution and seasonality of the salty,
       dust, and sand storms in Central Asia;
     * 
       Reveal and monitor the dust-salt emission sites using high spatial
       satellite images;
     * 
       Monitor the changes in land use and land cover as a possible
       reason in increase/decrease in dust storms frequency
     * 
       Study the potential sand drift in the region and its spatial
       variability using model and real wind data, and assess volume of
       sand/ dust transportation;
     * 
       Elaborate recommendations for phyto-ameliorative measures in the
       active dust-salt emission sites for reducing the amount of blown
       salts-dust and sand.
   CALTER research teams: CALTER involves nine scientific teams – three
   participants from the western countries and six teams from the Newly
   Independent States of the former USSR.
     * 
       Ben-Gurion University of the Negev, Israel (coordinator - Dr. Leah
       Orlovsky1, Jacob Blaustein Institutes for Desert Research);
     * 
       University of Marburg, Germany (Prof. Christian Opp, Faculty of
       Geography);
     * 
       Algarve University, Portugal (Prof. Thomas Panagopoulos,
       Department of Agricultural Science and Technology);
     * 
       National Center of Space Research and Technologies, National Space
       Agency, Kazakhstan (Prof. Lev Spivak, Department of Space
       Monitoring);
     * 
       Kazakh Research Institute of Ecology and Climate, Ministry of
       Environment Protection, Kazakhstan (Prof. Oleg Semenov);
     * 
       Institute of Hydrometeorology, Uzbekistan (Dr. Natalya
       Verezhagina, Department of Environmental Pollution);
     * 
       Institute of Bioecology of Karakalpak Division, Uzbek Academy of
       Sciences, Uzbekistan (Dr. Sergey Treshkin);
     * 
       National Institute for Deserts, Flora and Fauna, Ministry of
       Nature Protection, Turkmenistan (Dr. Batyr Mamedov);
     * 
       Institute of Water Problems, Russian Academy of Sciences, Russia
       (Dr. Zhanna Kuzmina).
   The research is being carried in the three largest Central Asian
   States – Kazakhstan, Uzbekistan and Turkmenistan, which refer to a
   specific geopolitical region having much in common: the physical
   environment, similar traditions in agriculture, similar culture and
   religion, and economic heritage.
   Work performed and results achieved:
   A spatial database for monitoring the region: CALTER is a
   multi-national research project where the participant investigators
   with various types of spatial information need to share and create
   cartographic information in a secure way. The goal is to understand
   the impact of aeolian dust on ecosystems, to establish a long-term
   monitoring system on current emission sites, to study the frequency of
   dust storms, the qualitative and quantitative properties of dust/salt
   deposits and to create effective tools that reclaim man-induced
   environmental damage. WebGIS (Geographic Information System spatial
   database assessable from the internet) was created. The solution
   adopted by the CALTER project was to use the MapServer system as the
   WebGIS platform. The use of WebGIS permits the integration,
   organization and retrieval of data from any internet access point
   (Deliverable 2). The research on the format of files that could be
   exchanged in the WebGIS and on the security enhancement of our WebGIS
   application has been carried out. From the security tests is can be
   concluded that the developed defense system of the CALTER WebGIS can
   withstand all common internet attacks (Deliverable 3).
   During the CALTER project the archive data from the meteorological
   stations in Central Asia were analyzed using ArcGIS system installed
   on PC. To study the spatial and temporal distribution of dust storms
   the available original dust storm records from 500 meteorological
   stations have been analysed. The data contain mean dust storm days for
   1936-2006 years, for 500 meteorological stations through the three
   studied countries (Deliverable 8).
   Sand mapping using RS and GIS. The remote sensing data from Central
   Asia were analyzed using ArcGIS system installed on PC. Since the
   sandy massifs are the main source of the dust in Central Asia as well
   as in the world, the updated assessment of the area of sandy deserts
   is necessary. A map of the sand distribution of the Karakum and
   Kyzylkum was compiled based on a combination of data from maps,
   Landsat images, and higher spatial resolution images including
   QuickBird and GoogleEarth Pro images. The results show that the total
   area for the Karakum and Kyzylkum is 260,000 Km2 and ~195,500 Km2,
   respectively (Deliverable 16).
   Monitoring quantitative and qualitative characteristics of dust
   deposit along the north-south and west-east gradients (Deliverable 7):
   At the initial stages of the project the observation sites in
   Turkmenistan, Uzbekistan and Kazakhstan have been established at 20
   monitoring sites: 6 observation sites in Turkmenistan (Koneurgench,
   Shakhsenem, Darvaza, Bokhordok, Chagyl, Repetek); 10 sites in
   Uzbekistan (Jaslyk, Muynak, Takhiatash, Buzaubay, Nurata, Termez,
   Bukhara, Tashkent, Fergana and Chatkal) and 4 observation sites in
   Kazakhstan (Kzyl-Orda, Jusaly, Kasalinsk, and Aral’sk). The CALTER
   type dust sampler consists of a plastic tray (diameter 24 cm, depth 3
   cm), filled with artificial grass and covered with fine netting (Fig.
   1). The dust sampler is mounted on a pole in 3 m height within the
   grounds of the 20 meteorological stations that take part in the CALTER
   research program (Fig.2). Collected dust samples are analyzed both in
   situ and in Germany. The following climatic parameters are being
   collected at locations with dust traps: temperatures (max, min,
   average monthly, average annual); precipitation (daily, monthly, and
   yearly); recurrence and speed of wind, etc.
   
   
   Fig. 1: Dust sampler CALTER type (2009-2010)
   Fig. 2: CALTER dust sampler (2005-2008)
   Sample weight – spatial and temporal distribution. 389 dust samples
   with a total sample weight of 228 g were collected and used for
   further analysis (Average: 0.586 g/sample). Most of the samples
   contained very small amounts of dust (Median: 0.10 g/sample), but
   individual samples could contain up to 60,29 g of dust material.
   Converted to the amount of dust material per m² and month, the average
   amount was 0.234 kg/m² * month while the maximum was almost 40 kg/m² *
   month.
   Though the amount of dust for each sample is rather small, the amount
   of dust material transported and deposited per month can be very high.
   As an metric for the intensity of dust storm events, the percentage of
   samples, that exceed the threshold of 10,5 g/m² * month (which
   represents the long term threshold of 0,35 g/m²*day for Aeolian
   deposits) was calculated. According to that, the percentage of samples
   that exceed the threshold is with 36,4% highest in Turkmenistan and
   with 17,8% lowest in Uzbekistan. These numbers are indicators for dust
   storm activities, because short-term events with a high deposition
   activity are having a big influence on the deposition rate. There are
   significant seasonal variations of the dust deposition. The greatest
   amount of dust is deposited in June, followed by April, February and
   May. During fall and winter the dust deposition rate is smaller
   (Fig.3).
   
   Figure3: Annual distribution of the dust material (90% of all samples)
   Additionally to the temporal distribution of the dust and the general
   differences between the three countries, the dust samples were sorted
   into three transects leading from the Aral sea to the Southeast
   (Transects 1 and 3) and to the South (Transect 2). At each transect
   the highest amounts of the dust deposition were measured close to the
   Aral Sea and the deposition activity is rapidly decreasing with
   increasing distance from the sea bed. Based on the decline of the
   deposition intensity it can be stated, that the dust originating from
   the Aral Sea can be found in the highest concentrations within less
   than 200 km away from the former sea shore. However, in southern
   direction there is a second peak in the dust deposition at the station
   Bokhordok, indicating the Central Karakum as a second source of dust
   material. Furthermore, the dust deposition is more intensive in
   southern directions of the Arals Sea than in eastern directions. The
   highest amount within the Kazakh transect are with less than 140
   kg/ha*month at the station Aralskoe only round about 25% of the
   highest dust deposition at the station Muynak at the southern shore of
   the Aralkum.
   Grain size distribution. The results from the microscope analysis of
   the dust samples are characterized by a strong domination of the clay
   fraction (smaller than 0.002 mm). 82.3% of all grains were sorted into
   this category. The sand fraction (2.0 mm – 0.063 mm) on the other hand
   contributes only 8.1% to the grain size composition, leaving the
   remaining 9.6% for the silt fraction (0.063 mm – 0.002 mm).
   Mineralogical composition (XRD). The mineral composition of the dust
   samples is relatively similar in all three countries: Quartz,
   Plagioclase, Calcite and Dolomite are dominating.
   Elemental composition (XRF). The X-Ray Fluorescence analysis revealed
   10 major elements, that constituted between 61,3 wt% and 95,0 wt% of
   the total elemental composition of the dust samples: SiO2, TiO2, Al2O3,
   Fe2O3, MnO, MgO, CaO, Na2O, K2O and P2O5. Of these, the following
   three showed the highest average relative frequency: SiO2 (55,90 wt%),
   Al2O3 (7,36 wt%), CaO (7,28 wt%).
   Study the frequency, distribution and seasonality of the salty, dust,
   and sand storms in Central Asia:
   The spatial and temporal distribution charts were drawn out based on
   averages of three period of time 1936-1960, 1936-1980, 1970-2000
   (Deliverable 8). Analysis of data for the period of 1936-1960 at 366
   meteorological stations in Central Asia, reveal that at that time the
   region was suffering from frequent dust storms (DS) outbreaks. The
   mean frequencies of DS increase from the Northern Province, with
   around 30 DS days/year, to the Southern Province, where this number
   becomes much higher. In the Northern Province there were two large
   centers with high frequencies of DS: the Naryn and Voljsko-Uralsk
   sands in the North of the Caspian Sea, and sandy and clayey Kyzylkum
   desert of the eastern region of the Aral Sea. In the Southern Province
   the major DS source area is the Karakum Desert, which covers almost
   entirely the territory of Turkmenistan. During 1936-1960 DS outbreaks
   over Turkmenistan were spread from west to east, appearing as a “belt”
   of very high DS frequencies (up to 81 days/year). During the time,
   unanimously the researchers have been considering the Karakum Desert
   as the most active source of dust and sand storms in Middle Asia.
   Significant changes of DS activities over the entire region occurred
   in 1960-1980. It is obvious that after 1960 DS occurred less
   frequently, less than 30 days/year, and the major source regions
   shrunk considerably. The spatial pattern of DS for the period 1960
   -1980 indicates increasing occurrences of DS at two observation sites:
   in the southern part of Balkash region at Bakanas MS (from 47 to 55 of
   DS/year) and in the northern region of Aral Sea, at Chelkar (from 55
   to 60 of DS/year). The frequency and area changing of DS for the time
   after 1980 was displayed using the averages of days with DS 1970-2000.
   Compared to the previous decades, the years following 1980 show the
   most visible evidence of considerable DS frequency decrease during the
   last century. The entire region suffered mainly from DS outbreaks less
   than 10 days/year. The major hotspots of DS outbreaks in the previous
   decades, diminished considerably after 1980s. A new major source area
   of DS for the last decades of the 21-century, was the northern areas
   of the Aral Sea. At the Aral Sea MS the number of DS events almost
   doubled, from less than 40 days in the previous decades, to an average
   of 64 days with DS/year during 1980-2000 (Fig. 4-5).
   
   
   Fig. 4. Spatial and temporal distributions of DS days over Central
   Asia during 1936-1960
   Fig.5. Spatial and temporal distributions of DS days over Central Asia
   during 1970-2000
   Analysis of data on dust storms for the last century demonstrated the
   clear downward trend of dust storms frequency in Central Asia. The
   significant decreasing trend was most obvious over the Karakum Desert
   where DS occurrences reduced from an average of more than 30 days per
   year to less than 20 days per year. Analysis of the spatial
   distribution of dust storms suggested four main source areas of dust
   storm occurrences, which during the time suffered changes such as
   shifting and shrinking their spots. The main spatial changes were
   obvious in the Northern Caspian deserts, where DS occurrence areas
   shrunk significantly, and also suffered a few hundred kilometers shift
   to the east. The Karakum and Kyzylkum Deserts, as well the south
   Balkhash Lake area, suffered important surface reduction of the major
   source areas of DS activities. As the all hotspots of highest DS
   activities showed decreasing trend of dust emissions, the new Aralkum
   Desert became very active in the last two decades of the 20th century.
   Because there are not any ground observations of the new Aralkum, the
   analysis of the high temporal resolution imagery is required.
   The significant decreasing trend of dust storm frequency could be
   easily explained by the recovery of deserts ecosystems due to reduced
   anthropogenic activities in the region after 1980s. But as it was
   mentioned by a large number of researchers, the decreasing trends of
   DS frequencies were registered worldwide; so the human impact on
   Aeolian activities in Central Asia may be not a single and/or major
   factor.
   The study of dangerous and especially dangerous dust storm events
   based on the available original dust storm records have been carried
   out. The data from 144 meteorological stations for the Kazakhstan
   territory and 29 stations from Uzbekistan and Turkmenistan have been
   used for the period of 1936-2008. The number of days with dangerous
   and especially dangerous dust storms has been calculated (Fig.5). It
   was revealed that the highest number of dust storms takes place during
   western (26.3 %), north-western and northern intrusions (24.8 %),
   followed by south-western, south-eastern and southern cyclones
   (20.8%).
   
   Figure 5. Mean annual number of days with dangerous and very dangerous
   dust storm events
   Monitoring dust storms by remote sensing imagery have been done on a
   daily basis in Kazakhstan using the images with high temporal
   resolution such as NOAA AVHRR (Advanced Very High Resolution
   Radiometer). Monitoring of the dust storms was carried out in the
   polygon within coordinates 56-640E and 42-480 N, projection Lat/Lon
   for spheroid WGS 84. For monitoring of dust events the images have
   been previewed, and the “suspicious” (from the dust storm viewpoint)
   images have been selected. The multi-spectral image consisting of 5
   spectral bands (visible, near-infrared, and three thermal infrared
   channels) have been “built” and copied to CD/DVD for further processed
   and interpreted. During all years of the project the actualization of
   the database on dust storms events had been done every year. The data
   on the dust storms events for 2000-2010 have been collected.
   Monitoring of the changes in the water surface area of the Aral Sea
   for the period of 2000-2010 has been carried out (Fig. 6). The slight
   increase in the Aral Sea area (so-called Eastern Aral Sea) took place
   in 2010 due to the drainage water inflow from the Uzbekistan side.
   
   Figure 6: Changes in the water surface area of the Aral Sea by
   NOAA-AVHRR data, 2000-2010.
   Monitoring Land Cover dynamics in the dust emission sites of the Aral
   Sea region by remote sensing. The existing land cover/land use
   classifications have been studied and adapted to the conditions of the
   area under research. The time series of the Landsat satellite images
   have been analyzed in order to reveal the land cover classes and study
   their dynamics. The land cover transformation trend has been studied
   and maps of the landscapes dynamics were built according to the
   developed algorithm for monitoring the land cover changes on the dried
   bottom of the Aral Sea, which will permit the monitoring the future
   change.
   Characterization dust emission sites land cover change detection.
   Study of the climatology of the dust storms in Central Asia revealed
   significant changes in the dust storms frequency and areas of active
   dust emission. The change detection was conducted with Landsat TM
   imagery that covered the main dust storms source areas – Northeastern
   and Southeastern shores of the Caspian Sea, Central Karakum Desert,
   and the dried bottom of the Aral Sea. Land cover change analysis shows
   that of three periods, 1987 was the year with the greatest vegetation
   growth. The other two years, 1984 and 2009, though were not described
   as dry years, showed significant degradation of vegetation, including
   reduction of agriculture fields. Al the changes in vegetation cover
   during 1984-1987 could be explained by the drier years of 1985 and
   1986. Major land cover changes took place after 1987, when the region
   was passing through radical socio-economical and climatic changes.
   That was the time when major changes where done by reducing the
   agricultural and livestock industries.
   Study the potential sand drift in the region and its spatial
   variability using model and real wind data.
   A map of the sand distribution of the Karakum and Kyzylkum Deserts was
   compiled based on a combination of data from maps, Landsat images, and
   higher spatial resolution images including QuickBird and GoogleEarth
   Pro images.
   Drift potential and wind power calculation (Deliverable 16). Drift
   potential, calculated and mapped from meteorological data retrieved
   from scattered stations in the research area was interpolated into
   regional maps. The maps show that the sand drift potential in the
   research area is of a "low energy environment" (between 0-200) and can
   support vegetation cover.
   Dune classifications based on SRTM. After mapping the distribution of
   the Central Asian sand seas and reassessing their spatial
   distribution, it was necessary to determine the dynamics of the dunes.
   Using SRTM data, alongside Landsat and higher spatial resolution
   images, the dune morphology was determined. Most of the dunes in the
   research area are stabilized and predominantly consist mostly of
   longitudinal (linear) dunes. Although linear dunes are dominant, other
   formations (such as parabolic) representing stabilized dunes are
   found. Mobile sands are less widespread. In the active areas, barchans
   are dominant, yet other active dune formations such as Seif dunes are
   found. Data from meteorological stations was analyzed and clearly show
   that winds in the area are of low energy environment, yet the data is
   not sufficient to determine the regional wind directions. A
   combination of meteorological data with the dune formation analysis
   can contribute to the understanding of the regional and local wind
   directions. For example, longitudinal dunes are dunes that elongate in
   the direction parallel to the prevailing winds, or the presence of
   barchans can confidently explain a unidirectional wind source. The OSL
   analysis of three samples from the Kyzylkum and Karakum deserts dates
   them back to mid-Holocene - Liavliakan.phase. At this phase, between
   early and mid-Holocene, the climate changed from cold and dry to much
   warmer and wetter.A change from cold to warmer climate could explain a
   reduction in wind power. Wetter climate can support more vegetation.
   Yet, it is more likely that a reduction in wind power enabled
   vegetation on the sands and therefore the stabilization of these dunes
   occurred during this period. From the primary results of this research
   several conclusions can be drawn:
   The sandy massifs in the study area are mostly stabilized, and the
   estimated sand covered area for the Karakum desert is ~260000 Km2 and
   ~195500 Km2 for the Kyzylkum desert. Although the climate of these
   deserts is defined as arid, precipitation is above the minimal
   threshold for vegetation under the current low wind power (DP).
   Central Asian Ergs are currently stabilized because of a climatic
   change that occurred during Mid-Holocene.
   Sand and dust transportation. High frequency and significant duration
   of dust storms and blizzards are typical features of the arid and
   semi-arid zones including the Aral Sea. For calculation of the sand
   mass transported by the wind in the surface air during deflation the
   physical-statistic model of the sand storm have been used. The model
   allowed assessing in details the intensity of deflation and transport
   of the dust aerosol beyond the dried bottom of the Aral Sea as well as
   to build the vector rose of the sand transfer in this region.
   Assessments of the scalar and vector volumes of transported sand
   during the dust storms and dust blizzards have been done for the
   stations in the Aral region.
   Elaborate recommendations for phyto-ameliorative measures in the
   active dust-salt emission sites for reducing the amount of blown
   salts-dust and sand.
   Young cotton plants are among the first to suffer damage that result
   from the typical storms of Aral Sea. The impact of the flying sand
   particles causes the leaves cuttings by the sand storms, which occur
   during the planting season. The vast areas of sandy soil in the Aral
   Sea regions are characterized by about 10% clay high infiltration
   rates and very low capacity of available water (2-3%). The soil
   texture together with shallow root penetration or absence of root due
   to scarcity of vegetation the soil is easily transported by winds.
   High frequency irrigation helps cementing the soil particles but is
   associated with a large waste of water.
   The PAM ( Polyacrylamide) is a suitable chemical that may help saving
   the wasted water while preventing the damage caused by the impact of
   sand particles. At the initial stages of the project the laboratory
   tests PAM as a substrate preventing wind drift in the Aral regions had
   been carried in the wind tunnel. In this study the optimal
   concentration and the volume of the PAM solution applied to 1 ha of
   bare sandy soil have been determined, and threshold wind velocities
   (TWV) for various PAM concentrations have been verified. It was
   revealed, that the first detachment of sand particles from the soil
   covered by 62 mg/l concentration of PAM (rate of 0.77 kg/ha) occurs by
   the wind speed of 11.24 m/sec (continuous detachment at 12.73 m/sec).
   Soil without PAM crust shows the first detachment by the wind speed of
   7.43 m/sec (continuous detachment at 8.74 m/sec). Such results are
   close to the wetting effect – while the substrate was wetted by water,
   the first detachment was observed by the wind of 10.71 m/sec,
   continuous detachment was noted at the wind speed of 12.39 m/sec.
   Further increase of PAM concentrations to 125 mg/l resulted in
   decrease of the soil substrate stability fist detachment was observed
   by the wind speed of 11.03 m/sec. The experiments were continued in
   the field conditions and confirmed the ability of PAM to prevent wind
   erosion (Deliverable 20).
   The other aspect of the project was focused on cultivation the stable
   halophytic plant communities on solonchaks (salty pans) of marine and
   floodplain origin – on strongly and moderately saline soils of the
   Aral Sea dried bottom and the floodplain of the Amu Darya delta under
   the recent climate conditions. Monitoring of the soil and vegetation
   cover in saline areas affected by climate changes and human
   interventions has been done in the following ways: 1) analysis of the
   recent climate changes by processing the meteorological data; 2) study
   of microclimatic conditions by original devices to record temperature
   and moisture of the dried bottom of the Aral Sea; 3) study the
   dynamics of soil salinization in solonchaks developed on the dried sea
   bottom and the river floodplain; 4) study the dynamics of the
   vegetation cover as related to soil salinization (Deliverable 21).
   The following conclusions can be done: in the long-term dynamics of
   air temperature there is a tendency towards increasing the mean (by
   0.4-3.6ºC), absolute minimum (by 1.2-7.5ºC) and absolute maximum (by
   1.2-4.1ºC) temperatures for a year, half a year and a season. Reliable
   positive trends have been established in the long-term dynamics of the
   precipitation and air temperature in all the meteorological stations
   of the Aral region. The tendencies towards the changes in the
   distribution of precipitation and air temperature identified in the
   Southern Aral region and adjacent territories of Middle Asia seemed
   very similar, being characterized by increasing the heat in the
   summer, lengthening the warm period of time as well as by the rise in
   temperature within the annual cycle and summary values of atmospheric
   moisture especially in the cold six months and the winter-autumn
   seasons of a year. Analysis of aridity indices identified an
   increasing tendency in the Southern Aral region and adjacent
   territories of Middle Asia, the increase in aridity accompanied by a
   higher deficit of moisture in the warm period of time at the expense
   of the autumn, spring and summer seasons of a year. The rise of winter
   temperature along with increasing winter precipitation may be
   considered as a positive factor for phytomelioration in the Southern
   Aral region, whereas the significant fall in spring temperature and
   increase in spring precipitation and rainfall in summer make
   difficulties for planting and cultivation. The vegetation shaded the
   bare solonchaks in the southern Aral region influences favorably the
   microclimatic conditions of their terrestrial and subsoil parts: the
   air and soil temperature decrease to the depth of 100-150 cm during
   the growing period. Phytomelioration of automorphic solonchaks is
   impossible under the current climate conditions (increasing
   temperatures and decreasing precipitation in the summer-autumn period)
   without irrigation. Automorphic solonchaks of marine and alluvial
   origin show intensive natural dissolution in periods of higher
   precipitation due to climate changes. The salinity in different
   horizons of solonchaks under natural conditions is varying
   significantly (by 1.5 to 3 times) between the years and seasons due to
   variations in atmospheric precipitation. The greatest changes (by 6-8
   times) are observed due to effect of artificial flooding. Soil
   salinization in the Amudarya River floodplain and delta leads to the
   solonchak development of two types. Automophic solonchaks are formed
   in case of decreasing the groundwater level to more than 5m from the
   soil surface resulted from regulating river flow and the water use for
   irrigation. Hydromorphic solonchaks occur due to underflooding of
   irrigated and adjacent territories. Degradation-induced changes in the
   vegetation and soils caused by regulating river flow serve as evidence
   of soil salinization and anthropogenic desertification. Taking onto
   consideration the large-scale anthropogenic and climatic changes in
   the Aral region a new approach is urgently required to solve the
   problem concerning the rehabilitation of degraded lands, the major
   part of which is occupied by solonchaks. Based upon a comprehensive
   analysis of changes in soil salinization in the southern part of the
   Aral region, it seems reasonable to conclude that automorphic
   solonchaks of dried sea and floodplain origin reveal natural
   desalinization when it is wet due to climate changes. Bearing in mind
   the weather changes in the Aral region, the tend to natural soil
   desalinization and the higher aridity and continentality of
   microclimatic conditions in field, phytomeliorative measures should be
   taken on automorphic solonchaks only in periods of forecasting
   favorable weather conditions.
   Experimental plots for testing salt and drought tolerant plants on the
   lower reaches of Amu Darya River have been established in 2006. Monitoring
   the 5 model ecological profiles established in 2006 have been done
   every year of the project. The level of ground water was measured,
   geobotanical descriptions of vegetative communities were carried out,
   monitoring of 2 m soil profiles with further drilling to the depth of
   3-3.5 m has been done. The collecting and analysis of soil and surface
   water samples had been done. The following activities have been
   carried out in the experimental sites: collecting and summarizing data
   on changing climate conditions; sowing of selected plant species in
   designated test areas; soil and ground water chemical analyses and
   samples taken during the field survey and planting of experimental
   territories with subsequent treatment of the obtained results;
   periodical watering of test areas planted by grasses; monitoring the
   growth and development of grasses seeded in autumn and spring; sowing
   and planting in experimental sites of new halophyte species such as:
   Salsola orientalis, Alhagi pseudalhagi and Acroptilon repens;
   monitoring over the soil conditions as well as the growth and
   development of Kochia iranica, Climacoptera aralens and a perennial
   Ceratoides papposa, planted on solonchaks of the dried bottom of the
   Aral Sea (Fig.7).
   
   
   Figure 7a. The key site 1 Plantation of Haloxylon aphyllum on
   solonchaks of the dried Aral Sea bottom (1985-1990) in Southern Aral
   region, near Muinak.
   Figure 7b. Haloxylon aphyllum on the dried bottom of the Aral Sea,
   Muinak district of Karakalpakstan
   Dissemination of results:
   Conferences:
     * 
       International Conference on Energy, Environment, Ecosystems &
       Sustainable Development, July 11-13, 2006 Athens, Greece
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   DISSEMINATION TO THE WIDER PUBLIC
     * 
       At the end of 2008 European Union publish a new volume of «
       Research for Europe - A selection of EU success stories». It is
       presenting a selection of the 40 most successful projects of the
       FP6. Project CALTER results are published in a chapter with title:
       “In the eye of the dust storm”. This publication is a selection of
       success stories from the EU FP6 for Research. The cases described
       cover daily aspects of our lives from health, environment and food
       to travel and energy. It gives a good overall picture of the
       research and new knowledge created by this multi-disciplinary
       research programme and includes innovative projects. It also
       illustrates the need for building global links involving
       researchers and the need to bridge them with institutions through
       networks. Edition date: 1/12/2008 - 110 pp. - ISBN:
       978-92-79-06980-2
     * 
       WEB JOURNAL Ciência Hoje. Jornal de Ciência Tecnologia e
       empeendorismo divulgate to the wider Portugues language public at
       1 of February 2009 the 10 selected Portugueses projects of FP6 and
       discribes the CALTER Project and the role of Universidade do
       Algarve
     * 
       Prof. Panagopolous had an Interview with the jornalist Virgínia
       Alves, from the 2nd bigest daily journal of Portugal “Jornal de
       Notícias” at 15 of Abril 2009 about the CALTER project findings
       and the reason that was selected as one of the best 40 of FP6 in
       European Community
     * 
       Prof. Panagopolous had an interview at 22 of April 2009 with two
       journalists from Áustria, Dr. Margit Hainzl & Dr. Emil Wimmer from
       ORF – Austrian Public Radio. It was in their tour agenda for
       interviews in Iberic peninsula for a program series related to
       desertification. It was presented the CALER project preliminary
       results
     * 
       EuroNews make a report/film in Kazakhstan about CALTER project and
       desert storms in May 2009. For more information see full report in
       Euronews:
       http://www.euronews.net/2009/06/04/dustchasers-seek-answer-to-the-aral/
     * 
       Dr. L Orlovsky had an interview with the journalist
       Alain.Guillemoles from a french national daily paper La Croix (www.la-croix.com)
       at 14.12.09 about the CALTER project and desertification processes
       in Central Asia.
   1 Contact address: Jacob Blaustein Institutes for Desert Research,
   Ben-Gurion University of the Negev, Sede Boqer Campus, 84990, Israel.
   Phone: +972 8 6596857, Fax: +972 8 6596921; e-mail: [email protected]
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