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ABSTRACT

The report includes 110 pages, 16 figures, 31 reference sources, and 6 appendixes.
GEOMORPHOLOGY, GEOGRAPHY, ARAL SEA, HYDROLOGY, ION-SALT COMPOSITION, BIODIVERSITY, THERMOHALINE STRUCTURE 
The subject of the research is ecosystems of basin lakes of arid climate – residual basins of the Aral Sea.
Purpose of the scientific research: Identification of patterns and response mechanisms of the system of residual lakes of the Aral Sea as a unique large aqueous system of the world which was exposed to the strongest anthropogenic stress in memory of the humankind to anthropogenic and climatic effects.
The methodology of the research is based on experimental and theoretical methods of research and is of applied nature. Innovative methods and advanced equipment for field observations, as well as remote sounding technique were applied. 
Findings and novelty of the research. Being based on the finding of the research, it is certain that a double layer vertical stratification of water was observed in autumn season in the western basin of the Aral Sea in 2018-2020. According to the findings, in the bottom layer maximum salinity can be still observed, which may prevent complete mixing of the basin in the incoming winter season. Seasonal pattern of current filling rate of Aral basins and its dependence on climatic factors were established. Using the developed hydrologic model forecast estimations (till 2099) of variability of freshwater inflow into the Smaller Aral Sea were performed using three climate scenarios (RCP 2.6, RCP 6.0, RCP 8.5). Large-scale analysis of the hydrological regime in arid regions of Central Asia indicates changed trend of water level in terminal lakes from long-term reduction to its growth, which suggests fundamental changes in atmospheric circulation and regional water balance. 
Scope of application – ecology, hydrology, oceanology, agricultural sector, educational field. The finding may be used in a number of economic sectors, for instance, in commercial purchase and sale of artemia cysts and in fishing industry, as well as in development of tourism and balneological enterprises in Aral Sea region.
Predictive assumptions on development of the research subject. Findings of the research may be used to assess risks in economic activity in the research region, as well as in development of measures for mitigation of the environmental crisis. Gradual change of the hydrophysical conditions in the residual basins will evidently affect the structure of bio-communities either. 
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DEFINITIONS, REFERENCES AND ABBREVIATIONS

The following terms were used in this Report on Scientific Research


	Microphytobentos
	–
	a set of alga and photosynthetic bacteria developed on/in different bottom soils

	GIS
	–
	geo-information system (geographic information system) is a system for collection, storage, analysis and graphic representation of spatial (geographic) data and related information on objects required

	MODIS (Aqua-Terra)
	–
	Moderate Resolution Imaging Spectroradiometer scanning the entire surface of the Earth each 1-2 and collecting data in 36 spectral bands or wavelength groups

	VIIRS (SNPP)
	–
	Visible Infrared Imaging Radiometer Suite

	CTD
	–
	conductivity, temperature, depth

	AVHRR (NOAA-METOP)
	–
	an improved radiometer of very high resolution

	NASA
	–
	National Aeronautics and Space Administration is an agency of the Federal Government of the USA

	the USA
	–
	the United States of America

	TS
	–
	temperature/salinity

	POM
	–
	Princeton Ocean Model

	IO RAS
	–
	Institute of Oceanology of the Russian Academy of Sciences

	ТР
	–
	Tibetan Plateau

	CA
	–
	Central Asia

	ERS
	–
	Earth Remote Sensing





INTRODUCTION

Assessment of the current status of the issue to solve and its relevancy. Study of the dynamics of the water balance of inland waters and development of water-balance models for basins insufficiently supported by data of directs observations is one of pressing problems of the modern hydrology. This scientific problem has special important in arid zones which reacts most sharply to climatic changes and anthropogenic impact. A recent publication [1] on Climate Scenario RCP 6.0 predicted changes in regimes circulation of lakes across the globe, in particular, trends to intensification of vertical stratification of water and increase in temperature of surface layer water have been identified. The work [2] underlines dominant influence of anthropogenic impact on reduction of the value of water resources in the Aral region in last decades. Authors of the work [3] analyze causes of the modern crisis of water resources in Central Asia and identify intensification of glacial melting and reduction of snow cover, incongruity in spatial distribution of water and land resources, as well as intense human activity as major factors.  Examples of recent researches presented only demonstrate significance of tasks set in the Project at the global level. 
Basis and source data for elaboration of the topic. 
Findings of the Project in many instance supplement and deepen understanding of the of the above issues and divert focus from the global scale to certain issues of water resources of the basin of the Smaller Aral Sea. Obtained scenarios of projected changes in freshwater inflow into the Smaller Aral Sea in 21st century in combination with the developed water-balance model will be used in further researches of this understudies but critical region, for instance, for assessment of impact of climate change on physical and biological characteristics of the Smaller Aral Sea or for elaboration of practical measures on mitigation of environmental and social consequences of projected changes in the regional hydrology. 
Rationale for scientific research on the topic. 
The Larger Aral Sea in its current state is a natural mega-laboratory which demonstrates resilience of the ecosystem under conditions of a steady growth in salinity, changed balance of salts in different water layers, as well as geological metamorphization of the bottom and coastline. Shallow waters where living environment changes to particularly greater extent within relatively short interval of change in depth are of a special interest from environmental prospective. 
Over of a period between 2016 and 2019, we have studied communities of bottom microorganisms of residual basins of the Greater Aral Sea such as western basin of water area of the Greater Sea, Tshchebas lake, gradually betrunking Chernyshov bay, as well as alongside courses of streams flowing on salt crust in shore zone, and immediately in sources where such streams originate. Based on the observations conclusions on the role of Tshchebas lake, as well as sources and streams along the banks of the Greater Sea in the process of changing of diversity of communities of bottom microorganisms of the Western basin of Aral and former Chernyshov bay on the back of non-periodical fall in salinity conditioned upon short-term but extensional discharge of water from the Smaller Sea, as well as intake of large quantity of atmospheric precipitation were drawn. Potential impact of communities of bottom microorganisms of Tshchebas lake and streams on shore band on the stability and recovering capacity of the bottom communities of the Western basin and Chernyshov bay was demonstrated. In 2020 field studies were obstructed due to border closure against the background of restrictions introduced in view of Covid-19 pandemic.
Conduction of the scientific research is needed due to the fact that physical, chemical and biological regime of the Aral Sea remaining a large inland water reservoir marine type which has lost within last half a century about 90% of its volume due to joint effect of anthropogenic load and global climate changes, is in the process of unprecedentedly rapid (by general geological standards) and drastic transformation taking place before our eyes. These processes are understudied. It appears that it would be unjustifiable to leave these changes without due scientific “accompaniment”, recording and study.
Details of metrological support for the Scientific Research.
Field works were conducted using advanced measurement technology presenting brand new level of obtaining full-scale data. Measurements buoy stations were performed using RBR temperature gauges (Canada) which ensure stable recording of temperature to the accuracy of 0.002°C and Zebra-Tech D-Opto optode oxygen sensors (New Zeeland) characterized by stability of measurements and resistance to biofouling and influence of hydrogen sulfide. For integrated recording of hydrologic parameters RINKO-CTD multimetric probe (Japan) was used, equipped with the most accurate up to date RINKO-Optode fast response oxygen concentration sensors was used. Home stations for the expedition were Aralsk city and Bozoy settlement. For transportation of the expedition team to immediate work sites two UAZ all-terrain vehicles were used. Direct measurements were performed from two inflatable rubber boats “Rotan” and “San-Marin”.
Different methods to determine salinity of water according to data of conductivity and water temperature measurements following СTD-probing. In addition, two direct methods to measure water mineralization (salinity) were used: by weight (by weight of dry solid after evaporation of samples) and according to sum of ions (through determination of full or main ion composition of water), and related method of determination according to water density. 
Scientific novelty of findings. 
[bookmark: _GoBack]Scientific novelty of findings is supported by publications in leading scientific journals on hydrology and geography. A list of papers published between 2018 and 2020 is presented in Appendix B. The project is aimed at comprehensive study of the current condition of physical, chemical and biological systems of the modern Aral Sea, the report was reviewed by the Scientific Council of the University (Appendix С). The researches proposed were characterized by comprehensive approach combining expeditionary field observations, extensive use of data of remote satellite sounding (satellite images of the Aral sea for 2020 are presented in Appendix D), numerical simulation, as well as laboratory analyses (Appendix E) and experiments. Such integrated inter-discipline study of the modern Aral Sea within a single project has been conducted for the first time, which defined the relevance and novelty of the topic. Reprints of published works for 2018-2020 are presented in Appendix F.
Findings of the research may be used for assessment of risks in economic activity in the study area, as well as in development of measures for mitigation of the environmental crisis. The findings suppose further transformation of hydrophysical and hydrochemical conditions in every residual basins. 


1 Unit  “Field observations”
1.1. Field measurements and simulation of hydrophysical parameters

During field measurements in expeditions to residual basins of the Greater Aral Sea over the period between 2016 and 2020, vertical CTD-sounding of water column using YSICastAway and Rinko-Profiler oceanographic probes was performed at all stations. A series of measurements of vertical profiles of dissolved oxygen, turbidity and fluorescence of chlorophyll was also performed to assess phytoplankton biomass using Rinko multiparameter probe.
Water transparency at stations was measured using Secchi disk. Water sampling for further laboratory analyses of ion-salt composition, density, total salinity and oxygen isotope fractionation 18O and deuterium 2H was conducted at stations С5 (horizons 0 m, 4 m, 6 m and bottom), С12 (horizon 0 m), Т5 (horizons 0 m and bottom) and М1 (horizons 0 m and bottom). Water samples were also taken in Syr Darya river (Amanotkel settlement), Kamystybas lake and in Akbasty aul (groundwater). Water sampling for study of material composition of suspended material of different genesis in water layer was conducted at stations С5, T5 and М1 from surface and bottom horizons. In the shore zone of three residual basins in the area of water’s edge, samples of sedimentary deposits were taken for analysis of their litho-mineralogic peculiarities and determination of the specificity and dynamics of sedimentary and biogeochemical processes occurring in these basins.
During expeditions anchored stations were installed. The first station was installed in Chernyshov bay in the western basin of the Greater Aral Sea. Installation coordinates: 45˚57,706’ middle latitude, 59˚13,621’ east longitude, installation depth 12m. The station was equipped with 11 TR-1060 autonomous temperature recorders (manufacturer: RBRLimited, Canada), 2 D-Opto  autonomous dissolved oxygen recorders (manufacturer: Zebra-Tech, New Zeeland), as well as with BARO-DIVER water level sensor (manufacturer: &Water, Netherlands) (manufacturer: LowellElectronics, the USA). Temperature sensors were arranged with vertical resolution of 1m. Oxygen recorders were arranged in surface layer in maximum production layer at the depth of 4.5m. 
In late June 2016 over the period of sampling, salinity of water in the surface layer (0-1m) in Tshchebas lake, measured by vaporization of 1,500ml of water with further weighing of derived dry sediment of salts on precision balance, made up 70-73ppt. In turn, in Cherhyshov bay, not too significantly separated from the rest water area of the Western basin yet at that time, salinity mad 83-87ppt in layer 0-1.2m –effect of water freshening against the background of seasonal discharge from the Smaller Aral was observed. For reference, in October 2015, in the same region of coastline over the period of sampling, total concentration of salts in the same water layer made up 132.14-134ppt. In a tortuous stream flowing on salt crust of the shore zone nearest to water, concentration of salts was a little over 150ppt.
In late October and early November 2017, salinity of surface water in the Western basin near Kiim-Chiyak cape made up 132.6ppt.
In October 2018 in the period of sampling, concentration of salts in surface water of Tshchebas lake made up 47ppt, while in the area of sampling in Chernyshov заливе it made up 72ppt (Reykhardetal., 2019); regular and local regarding time (discharge) autumn freshening was observed here.
In late May 2019, near Kiim-Chiyak cape at the western coast of the Western basin of the Greater Aral Sea, microphytobentos samples were taken in three streams flowing on salt bent of shore. Vaporization of 150-200ml of water demonstrated that salinity in three sources on the coast of the Western basin made up in that period 44-49ppt, while closer to outflow at the distance of half a meter from influx to the sea, it made up – 68-72ppt. Samples of salt sand from the sea bottom were also taken: in bays between capes exposing from water upon recession of the sea at the depth of 0.03-0.05m, and alongside water’s edge at the open side of the coast to the north from the cape; samples of biofilms from the surface of muddy clayish soil at the depth of 0.05-0.3m were also taken here. Salinity of water was measured using the same method and made 135-136ppt here.
Following three-year studies, it is certain that in 2017-2019, in the western basin of the Greater Aral in autumn season, two-layer vertical stratification of water was observed. Data on vertical distribution of water salinity is provided below. According to this data, maximum salinity can be still observed in the bottom layer, which may prevent complete mixing of the basin in the forthcoming winter season. However, a long-term trend to reduction of bottom maximum of salinity is observable. In comparison with the similar historic data, namely from the research of IO RAS of 2014, maximum salinity in the bottom layer is poorly expressed, which may be indicative of gradual transition of the basin from meromictic to monomictic type. 
For calculation of exchange between the eastern and western basins of the Greater Aral, quasi-synoptic data from the both basins, is required, besides for the western trench, hydrological data from its deepest part located in Uzbekistan is required. In recent years, we cannot have such data for obvious technical reasons. However, we obtained such data [4] in early 2002-2004. This is the very data we used for analysis specified in this section.   
This section presents a simple TS-analysis for specification of mechanisms of formation of thermohaline structure of the modern Aral Sea. As it is known, this approach is widely applied in classical oceanography for tracking  of types of waters of different origin (for instance, Pickard and Emery, 1990), however, is has not been applied to the modern Aral Sea yet.
Data of measurements in the autumn 2002, aligned in TS coordinates, is provided in Figure 1. Grey squares show main types of water, and straight lines show regression lines for respective parts of the diagram. Dashed line connects end points of the diagram. 
[image: ]
Figure 1 – Temperature-salinity diagram of waters of the western basin of the Aral Sea, November 2002 

Density values for different types of water are also presented. It can be shown, that in case of mixing of two different types of water (i.e. points on plain TS), a point representing type of water must lay on the right line connecting source types at the distance therefrom, which are characterized by relative content of two types in the mix. Therefore, TS diagram inflection points represent “main” types of water, while segments of curve, which may be approximated with straight lines, describe mixing between the types.
When three main types are involved, any result of mixing between them creates a point laying inside a triangle known as mixing triangle. The form of diagram in Figure 1 suggests presence of 3 different types of water (surface, bottom and intermediary) which are illustrated schematically in the figure. The lower pycnocline represents, in its essence, mix of bottom and intermediary types of water.
Salinity in the lower layer is much higher than in the intermediary layer, and it is unlikely that such higher salinity could only be a result of evaporation in the western basin without advection of more saline waters in the eastern basin. Features of the surface water type are mainly defined by interaction of the sea and atmosphere. As for the intermediary type, it origins hypothetically from local evaporation in the western basin, especially, on its shallow northern shelf, where summer evaporation is particularly intensive. Besides, the bottom water type contains water impurities originating from the eastern basin. Actually, the lower layer is warmer than the intermediary layer, which assumes that, at the very least, a portion of water constituting it gained its features in the summer or in the early autumn, when sea surface temperature in the shallow eastern basin is higher than in the western basin.  
TS diagrams for October 2003 are shown in Figure 2. Three main types of water forming “mixing triangle” can also be identified again. Thermohaline features of a new warm invasion are close to those observed in 2002. According to wind records, invasion of 2003 most likely took place in June. Origin of type of cold water is disputable and may be associated either with earlier winter invasion from the eastern basin or supposedly with winter convection or incursion down of very cold winter water from shallow southern part of the western basin. Two competing mechanisms which may be responsible for invasion of waters from eastern basin to the western trench are outlined in Figure 2. Three main types of water are defined (large grey circles). EBW means eastern basin waters

[image: ]
Figure 2 – Diagram of temperature-salinity for the southern part (circles) and northern part (dashes) of the western basin in October 2003 

When gat connecting two basins is sufficiently large, then wind friction stress directed to the east must create surface slope of the lake which results in “pushing” of dense water of the eastern basin barothropically via a channel to the western basin, where it goes down to the lower layer. In opposite conditions of western wind, vertical picture of density in the channel and near it will be convectively unstable. On the other hand, to the extent when gut is insignificant and two basins “do not feel each other”, invasion of eastern waters must be caused by eastern winds (the lower part of Figure 3). As the final result, in the course of decrease of the sea level, the system must transit from “larger gut” to “smaller gut”. 
[image: ]
Figure 3 – Conceptual schematic drawing illustrating two potential mechanisms of intrusion of water from the eastern basin to the western
[image: ]

Figure 4 – Surface velocity profile obtained in barothropic and baroclinic regimes of experiment with POM 

[image: ]

Figure 5 – Bottom velocity profile obtained in barothropic and baroclinic regimes of experiment with POM
Side view – the left vessel stands for the western basin filled with relatively fresh water (dark grey), the right one is shallow eastern basin with more saline water (light grey) (Mechanism 1). Gut is sufficiently large to establish surface slope across the basin as a whole (Mechanism 2). Gut is small so that surface slope is established individually in each basin, while two basins act as separate vessels, though they are interconnected via conceptual thin “pipeline”.
Figures 4 and 5 show velocity profiles obtained in our experiments with well-known Princeton Ocean Model (POM). These two profiles correspond to surface and bottom currents which were obtained under conditions of western wind. Note western current in the bottom part of the connecting channel.
In Figure 4, the model used “real” stratification and forcing in the form of constant in time and space of western winds within 96 hours of integration. Note current in the eastern direction in the surface space of the connecting gat. Thus, after analysis of Figures 4-5, while western winds “drag” surface water to the east through the connecting channel, they also promote transition of the opposite sign in the lower part of the gat. Thus, the model could simulate the mechanism of “larger gat” as mentioned above.



1.2 Study of the dynamics of the bio-diversity under conditions of rapidly changing physical-chemical and hydrologic environment. Identification of mechanisms for adaptation of biological system to extreme living conditions in different residual basins (Greater, Smaller Aral, Tushebas, eastern ephemeral Aral)

Collections of microphytobentos performed by authors in complex international expeditions to the residual basins of the Greater Aral Sea over the period between 2016 and 2019 also served as natural material for this study. Samples of biofilms were taken from the bottom of the Western basin of the Greater Aral Sea, from streams along its banks, and from bay/lake Tshchebas (Tushibas, Tushybas, Tshe-Bas). Depths where samples in shallow water are were taken ranged from 0(+0.05) m to 1-1.2m. In streams, samples were taken from their sources and close to inflow. In consideration of the fact that lengths of such streams flowing on salt crust of shore zone of the Western basin do not exceed 10-15m, distance between sampling points was small. However, in the course of movement of water from the source to the inflow along watercourse in salt crust it’s salinization took place.
As our studies conducted following expeditions over the period between 2002 and 2019 show, this is the very place, namely coastal shallow waters, starting from water’s edge but, in fact, from humid crystal crust on the shore to depths of about 0.5m, where the maximum diversity of organisms inhabiting ultra-haline Greater Aral [4-6] is concentrated. Mostly they are microorganisms: Stramenopiles: Diatoms [7-8], Cyanoprokariotes [9-10], heterotrophic flagellates and infusoria (Euglenozoa: Kinetoplastids; Alveolates: Dinoflagellates, Ciliates), sun animalcules (Harcobia: Centroheliozoa) and ameba (Amoebozoa: Amoebae; Cercozoa: Granofilosea) [11-14]. Already this list, save for heterotrophic bacteria, shows that diversity of microorganisms inhabiting this habit zone, extremely heterogeneous according to their forms abiota and mostly extreme, remains quite significant, despite major stressing factor in the form of total salinity above 130ppt. 
However, observations show that from time to time in the Greater Aral, namely in the Western Basin, level of total salinity has been reduced. It is due to short-term by significant in terms of inflow of less saline waters after discharge of water from the Smaller Aral, abundant and longstanding rainfalls and spring water. At the same time, reduced salinity affects to a greater extent on communities again in shallow waters down to depths of about 1-1.5m [5-6]. At the background of mineralization, significant transformations in the composition and structure of coenosis, firstly, of those forming thin but sustainable biofilm on the surface of bottom, take place. Diversity of microorganisms increases, and their species composition is enriched. Of course, there a number of questions: how and where species integrated into these communities for the period of freshening come from? Here we will present some answers obtained based on our observations in 2015, 2016, 2017, 2018 and 2019. 
Let us analyze composition and structure of coenosis of microorganisms in the examined basins in line with the general chronology of studies.
October 2015. A stream on saline shore in Chernyshov bay. In many locations where samples from a stream with high-salinity water which crossed morphologically different sections of salt crusts (from loose white sand to crystalline lenses) were taken, development of one microphyte coenosis in its variants different in terms of its composition and structure was noted. This was a community of wider euryhaline type of Nitzschia communis. Where the stream flew on crystalline lenses, biofilms were only formed by this specie developing almost as a monoculture. Where the stream dipped into loose sand, in the composition of bubbling biofilms of rufous-brown color co-emerging from the bottom, this specie was accompanied by another 4-5, in the status of frequent and rare: Halamphora normannii, Amphora sp.1, Navicula cryptotenella, Halamphora cymbifera and Navicula phyllepta. Respectively, when the stream egressed to more crystallized substrata, diversity of coenosis reduced.
A separate community was formed in shallow plashes extending behind low sandy-saline marsh encasing the coast a little above the wash band. Depth of these plashes reached 5-7cm, there was no biofilm on the bottom, however patches of light brown-green color characterized by small flake-like surface have encountered. In the structure of these patches 9 types of microphytes were noted: cyanobacterium Planktolyngbya minor which formed a net of extremely thin trichomes, and 8 types of diatoms with domination of Nitzschia communis, Halamphora normannii, Navicula cryptotenella and Navicula radiosafallax were encountered in large; Halamphora holsaticoides was also encountered in large, while Halamphora pseudoholsatica, Amphora pusio and Nitzschia incognita lived in the status of rare ones. Among epipsammonic forms which colonized the surface of saline sand (Halamphora spp.) Halamphora normannii which is a widely euryhaline specie of conditionally fresh-water origin dominated distinctively.
Coenosis on the surface of the sandy bottom of shallow waters of the bay was structured differently. Cyanobacteria living here included Geitlerinema attenuatum, Planktolyngbya limnetica, Planktolyngbya minor, Leibleinia inconspicua and Spirulina subsalsa. The first three species formed a net of trichomes in the form of reinforcing skeleton for biofilm; Leibleinia inconspicua inhabited on sand particles, while spiral trichomes Spirulina subsalsa moved freely across substratum particles. 6 species of diatoms also inhabited here: Nitzschia communis dominated, Navicula cryptotenella and N. radiosafallax presented in large, Halamphora normannii often encountered on sand particles, and it accompanied by Halamphora holsaticoides, and H. pseudoholsatica, which were noted significantly rarely.
June 2016. At the background significant reduction in salinity caused by discharge from the Smaller Aral of large volumes of light-slated water conditions similar in terms of salinity to those in the autumn 2003 were formed in coastal shallow waters of Chernyshov bay [4]. In this biotope bunches of red alga Bangya aff. Atropurpurea characterized here by emerald-green color of its thallomes extended in large with relatively small presence of green macrophytes Cladophora spp. On the surface of Bangya microepiphytical complex which was also noted by us on thallomes Cladophora fracta in the autumn 2002-2003 also developed here:  Tabularia fasciculata (radial bundles of cells) and Nitzschia fruticosa in the form treelike-dendritic colonies. In this epiphytical community trichome cyanobacterium Heteroleibleinia epiphytica developed in large, besides dinoflagellates Oxyrrhis marina, which is a universal planktonic predator, was noted in free-swimming form in ultrahaline Greater Aral for the first time. 
Under short-term conditions of relatively low salinity (83-87ppt) several types of thread cyanobacteria included in biofilms on the surface of bottom have developed:  Planktolyngbya limnetica, P. minor, Jaaginema quadripunctulatum, J. thermale, J. unigranulatum, J. geminatum, J. gracile, Leibleinia inconspicua, L. porphyrosiphonis, Leptolyngbya valderiana, Geitlerinema attenuatum, Geitlerinema sp.1 and Tapinothrix janthina. Coccoid cyanobacteria Synechocystis salina presented in small amounts. From among the above only three species presented in the stream (46 ppt) flowing amongst loose sand on shore band: Jaaginema thermale,  Planktolyngbya limnetica and P. minor; other species of cyanobacteria encountered there (Oscillatoria putrida, Oscillatoria sp.1, Limnothrix guttulata and Jaaginema pseudogeminatum) have not been noted in the sea.
At the depths down to 0.35m development of two variants of interspecies associations was noted: Stauronella decipiens + Navicula radiosafallax + Halamphora cymbifera – on fragile soil, and Jaaginema spp. + Nitzschia acicularis + Planktolyngbya limnetica on mineral soil. Futher, on sands from the depth of ≈1m (at salinity of > 90ppt) Halamphora spp. + Stauronella aff. marina + S. decipiens + N. cryptotenella + N. radiosafallax association developed.
October 2017. By the autumn 2017, in the central part of the Western basin (at 132.6ppt in the surface layer) near Kiim-Chiyak cape, shallow bottom microphyte coenosis of three types were formed. The first one with 3 index species Synechocystis (with dominance of S. salina) + Halamphora normanii + Nitzschia  communis + Navicula sp.. + Phormidium chlorinum + Spirulina subsalsa developed on the surface of stones, rocks and shells laying on the bottom at the depths down to 20 cm. The second one with domination of N. communis + (small form H. normanii + Fragilaria aff. subsalina) inhabited on the salt crust which covered argillaceous bottom of shallow waters. In the structure of the third association of F. aff. subsalina + H. normanii played the leading role. All these bottom communities inhabited here at the background of transition of the sea to predominantly cyanoprocariotic mechanism of production in pelagic zone: phytoplankton is mainly represented by Synechocystis salina, and the role of other types of this specie was insignificant.
October 2018. On the sandy bottom of Chernyshov bay, under conditions of critical reduction in salinity (down to 72ppt) at the background of massive discharge of water from the Smaller Aral at the depths down to 35cm a community with domination of Navicula cincta with massive development of Tryblionella apiculata and Navicula phyllepta, frequent Halamphora subholsatica, H. pseudoholsatica, Amphora pusio, Stauronella decipiens and rare Nitzschia pellucida, Entomoneis sp. and Euglena cf. mutabilis. Development of cyanoprocaryotic component has not been noted. Nevertheless, in this coenosis sun animalcules Choanocystis cf. perpusilla were noted for the first time.
The same sun animalcules were also found in Tshchebas lake, where at the same time under salinity of 47ppt, in bottom plankton diatom Cyclotella meneghiniana, and in bottom habit areas - Navicula cincta, Mastogloia pusilla and Proschkinia complanata, with frequent Mastogloia pumila and Tryblionella apiculata, and rare Pleurosigma sp. developed largely. Cyanobacteria were represented by one trichomid specie – Phormidium chlorinum.
May 2019. In communities of coastal shallow waters of the Western basin, in gulfs near Kiim-Chiyak cape and to the north therefrom, in open areas of the coast sustainable associations of dominant diatoms inhabited, which has been quite a stable for these biotopes over the period since the summer 2011: Nitzschia communis + Halamphora normannii (Fig. 1). They were accompanies by Planktolyngbya minor. However, in the structure of this community development of new species inhabiting here in the status of frequent (Navicula cincta, Synechococcus subsalsus, Aphanothece  cf. salina), as well as colonial cyanobacteria Aphanocapsa cf. salina and Aphanothece cf. stagnina was also noted. Separate trichomes Spirulina subsalsa and few cells Synechocystis septentrionalis inhabited in these habitat area before were encountered. Neither in plankton, where now dominates S. subsalsus, nor in benthos Synechocystis salina was not noted.
In streams originating from sources on salt crust of the lowest terraces of shore, a different picture was noted. At source at 44-49ppt, the dominant diatom was Navicula phylleptosoma (Fig. 2), as for cyanobacteria the dominant was Geitlerinema attenuatum, Phormidium ambiguum, Ph. cf. irriguum f. minor. Navicula phyllepta, Nitzschia pellucida, Navicula cincta, Stauronella cf. marina, as well as Jaaginema cf. geminatum, Oscillatoria limosa and Limnothrix obliqueacuminata encountered more rarely. In the same coenosis Choanocystis cf. perpusilla and heterotrophic flagellates Rhynchomonas nasuta were noted singly.  
Study of Tshchebas lake and streams flowing on saline shore showed that in these basins more species inhabit than in the Western basin at salinity of greatly above 90ppt. Some of them succeeded in colonization of bottom habit areas of shallow waters of the Greater sea in period of its freshening. They have already lived in the sea in the periods of lesser salinity (Navicula phylleptosoma, N. phyllepta, Nitzschia pellucida, Tryblionella acuminata, Halamphora holsaticoides, H. subholsatica, Amphora pusio, Stauronella cf. marina), and they had a set of necessary adaptations for this purpose. Essentially, cyanobacteria Geitlerinema attenuatum and Leptolyngbya cf. valderiana and Phormidiumirriguum f. minor, that lived in streams in May 2019, already had chances to return to Aral shall its salinity drop below 90ppt due to freshening discharge of a greater volume. 
At the same time, a part of species which previously hadn’t lived in the sea but adapted to live in Tshchebas lake and streams gradually also move to biotopes with higher salinity: in recent years these are Navicula cincta which entered communities of the Greater sea; in 2004 – Merismopedia cf. glauca, which settled from a source on the shore band to the nearest areas of salt crusts humidified by rainfalls. In turn, cyanobacteria Synechocystis salina, which largely filled pelagic zones and some bottom biotopes of the Greater Sea in 2017-2018, passed adaptation to high salinity not only on the bottom of the Greater sea, being for many years a minor of coenosis. This specie also habited shallow lagoon to the north-east of Vozrozhdeniya peninsula, where we noted it in 2005 in the status of dominant with great strength at salinity of 164ppt. The has already dried up in 2006, but the specie succeeded to obtain necessary adaptations to significant growth in salinity. When by 2017 salt-tolerance of Oocystis submarina, which dominated for many years in pelagic phytocoenosis of the Greater sea reached it limit, S. salina rapidly filled its niche. 
Another source of species colonizing the sea is salt crusts on coasts. Rains which became more frequent in warm seasons in recent years wet these habit areas and make them suitable for colonial cyanobacteria living on the surface of plastered soil of Ustyurt plain. In such a way, having suffered halinic adaptation, Aphanothece  cf. salina, A. cf. stagnina and Aphanocapsa cf. salina entered the Western basin. So far, it is too early to talk about income sources of most species of cyanobacteria from genus of Jaaginema, which formed communities in shallow waters of Chernyshov bay at strong freshening in 2016, to the Greater sea. 
In general terms, it makes sense to consider basins with lesser salinity betrunked from the main water area of the sea (for instance, Tshchebas lake/bay), sources and streams flowing on salt crusts on coasts, as well as crust itself when it is wetted due to frequent rains, as reservoirs for gradual halinic adaptation of species of organisms to inhabitance under conditions of high salinity of the Greater sea.
2 Unit “Data analysis”
2.1 Assessment of the impact of artificial control of water exchange in Smaller Aral on vertical mixing

Following the three-year studies, it is certain that in 2017-2020, two-layer vertical stratification of water was noticeable in the autumn season in the western basin of the Greater Aral. Data on vertical distribution of water salinity is presented below. According to this data, maximum salinity which may prevent complete mixing of the basin in the forthcoming winter season is still noticeable in the bottom layer. However, a long-term trend to reduction of the bottom maximum of salinity can be traceable. In comparison with the similar historic data, namely from studies of IO RAS in 2014, maximum salinity in the bottom layer is poorly expressed, which may be indicative of a gradual transition of the basin from meromictic to monomictic type. 
Figure 6 represents vertical temperature profiles obtained at the ground according to data of CTD-sounding. In the course of measurements, upper mixed layer achieved depths of 22-28m and it was marked by temperature values of about 13˚С. Drop of water temperature was observed in thermocline; the values in the bottom layer achieved 5˚С. Marked difference in the depths of position of thermocline between areas of eastern and western coasts of the basin (station а4 and station а2) should be noted, which might be caused by the slope of isopycnic line due to the activity of internal waves.
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Figure 6 – Water temperature at the surface of Chernyshov bay according to satellite sounding, October 27-28, 2018 

These measurements recorded an interesting picture of variability of values of temperature and current velocities. In the initial period of recording, expressed wave-like variations of temperature values within thermocline (depths from 27.5m and above) were observed; lower water layers were not affected by such variations. The similar nature is also traceable in variability of values of current velocity. It should be noted that maximum velocities of bottom currents (under thermocline) in that period reached 4cm/s. Later, movement of water in the bottom layer ceased almost completely. It seems that under influence of intense winds inside thermocline, internal seiche oscillations were developed, which ceased rapidly enough upon the end of storm due to the presence of high vertical density gradients in the basin. Inclined position of the thermocline specific during observation of internal seiche was also recorded according to data of CTD-profiling. 
Dissolved oxygen concentration in the bottom layer of the basin remained almost constant, which is another confirmation of isolation of the bottom layer from the rest part of water column and anaerobic environment which has been formed here due to decomposition of organic matters under conditions of density vertical stratification. Sour smell in samples of water from the bottom horizon, as well as in samples of bottom taken by a bottom sampler should also be noted. 
Thus, despite intense influence of vertical density stratification, particular water exchange in the bottom layer may occur by the effect of mechanisms of wave-like variations in the thermocline. Besides, according to the findings, bottom currents also react to wind action apparently due to action of the barothropic mechanism. 
Following sounding of the water layer of residual basins of the Aral Sea, data on vertical hydrophysical structure of waters for each of them has been obtained. Figure 7 below shows profiles of temperature, conductivity, turbidity, and concentration of dissolved oxygen and chlorophyll “a”. 
Three-layer structure of water was observed in Chernyshov bay, which has been observed since 2014.  The upper mixed layer was spread to horizon of 2m. Temperature of the upper mixed layer was a little over 16˚С. Layer of temperature inversion and peak of maximum temperature values (about 33˚С) were situated below at the depth of 4m. Further, towards the bottom temperature values gradually decreased and reached 16˚С in the bottom layer. Temperature peak in the intermediate layer was accompanied by maximum values of dissolved oxygen. At the same time, maximum values of chlorophyll fluorescence and turbidity were observed in the layer below temperature peak and dissolved oxygen at the depth of 6.5m. Minimum values of conductivity were observed in upper layer of 0-2m. 
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Figure 7 – Vertical hydrophysical structure of water in Chernyshov bay

Figure 7 shows vertical profiles of temperature (red), conductivity (black), turbidity (blue), dissolved oxygen concentration (dark) and chlorophyll “a” (green) in the central part of Chernyshov bay (stationС5) obtained on September 21, 2019 [15].  Figure 8 presents vertical profiles of parameters measure in Tshchebas bay. In period of works in the upper layer of bay waters (0-2m) maximum temperature values were observed, which, apparently, is conditional upon day radiative forcing. 
Below this layer, water layer had homogenous pattern in terms of temperature and conductivity. In the upper layer, maximum dissolved oxygen values and minimum chlorophyll fluorescence value were also observed.
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Figure 8 – Vertical hydrophysical structure of water in Tshchebas bay

Despite relatively short-term total period of recording of devices installed at the station (approximately 1 day), measurements recorded an interesting pattern of variability of values of temperature and current velocities. Over the period between beginning of record and up until 9 p.m. 28/10 expressed wave-like variations of temperature values within thermocline (depths from 27.5m. and above) were observed; lower water layers have not been affected by these variations. Similar nature is also traceable in variation of current velocity values. We should note that maximum velocities of bottom currents (under thermocline) in that period reached 4cm/s. After 9 p.m. 28/10, water movement in the bottom layer has almost ceased, and variations of temperature values were only traceable at horizon of 25.5m. Apparently, under influence of intense winds on October 25-26, inside the thermocline internal seiche oscillations have developed, which ceased quite soon upon end of the storm due to high vertical density gradients in the basin. Inclined position of the thermocline revealing in observation of internal seiche was also recorded according to data of CTD-profiling.
As a brief conclusion for this section, we can state that TS-analysis points to vital importance of exchange of water and salts between these two basins. Currently, the processes of inter-basin water exchange, in particular its volume and spatial distribution, are the main factor defining vertical and spatial structure of water in different parts of Aral Sea. In turn, this determines hydrophysical and hydrochemical parameters of waters which defines the overall condition of ecosystem of each residual basins. 
Works performed within the project allowed to develop and successfully test a set of hydrologic physically justified model capable of forecasting volume of inter-basin water exchange in residual basins of Aral Sea. 




3 Unit “Numerical simulation”
3.1 Model diagnostic and forecasting estimations of possible changes in the level and condition of the sea for next 20-30 years depending on water content of rivers

In the course of solving of tasked scheduled within the Project the following results were obtained:
Calculation of freshwater inflow to Smaller Aral Sea based on modern data on discharge of Syr Darya rive, data of meteorological and hydrological re-analyses and hybrid hydrological model of water collection developed within the Project which combines a set of physically justified models and methods of machine learning. Thus, with monthly resolution, freshwater inflow to Smaller Aral Sea over the period с 1994 and 2016 was obtained. The outcome is the first open scientifically justified model estimation of freshwater inflow over the recent period (Figure 9). Findings of analysis of sensitivity of the hybrid model developed showed that freshwater inflow to Smaller Aral Sea is mainly formed in highland zone of catch basin of Syr Darya river, while the rest of the basin (from Fergana Valley and downstream) defined temporal dynamics of its reformation.
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Figure 9 – Results of adjusting and validation of the model of freshwater inflow to Smaller Aral Sea over the recent period (1994-2014)

Variability of monthly average consumption of Syr Darya river at Kazalinsk station according to data of observations (black line) and according to data of model (blue line) is presented in Figure 9 on the right. On the left: Diagram of dispersion of observation data and simulation results, distribution of data by months is marked with color. 
Calculation of gain in water volume in Smaller Aral Sea based on yje water-balance model developed within the Project was performed. Following model simulation experiments, monthly data on variability of water volume in Smaller Aral Sea in the recent period (2006-2017) were obtained (Figure 10). Introduction of upper threshold for water volume preconditioned by the height of Kokaral dam into the model allowed to receive at the output monthly data on volume of discharge from the dam (Figure 10, blue line) which later enters Tshchebas bay and the northern part of the western basin of Greater Aral (Chernyshov bay). The model also included a block for calculation of water salinity расчета which allowed to obtain data on monthly changes of marine average mineralization over the period between 2006 and 2017 which properly confirm with available data of direct observation. 
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Figure 10 – Simulation of variability of water volume of Smaller Aral Sea

Graph of variability of water volume of Smaller Aral according to data of simulation (red line) following recalculation of data of satellite altimetry (black dashed line), graph of variability of volume of water discharged from Kokaral dam (blue line) is presented in Figure 10 on the right. On the left: Diagram of dispersion of data of recalculation of satellite observations and simulation results, distribution by months is marked with color
Based on the hybrid model developed forecast estimations of variability of freshwater inflow to Smaller Aral Sea (Figure 11) were performed using the three climate scenario (RCP 2.6, RCP 6.0, RCP 8.5) of expected changes in meteorological values (air temperature, precipitation and total evaporation) calculated by four models of total atmospheric and oceanic circulation (GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC5). For analysis of changes in freshwater inflow, forecast period (2007-2099) was broken down into four sub-periods, namely sub-period of modern changes (P0; 2007–2016) and three forecast sub-periods: P1 (2017–2044), P2 (2045–2072), and P3 (2073–2099). 
Preliminary findings of the analysis points to the fact that model MIROC5 with forcing of climate scenario RCP 2.6 most adequately reproduces modern changes in freshwater inflow to Smaller Aral Sea. Thus, by assuming scenario of freshwater inflow based on data of MIROC5 and RCP 2.6 as the most the most probable (with preservation of modern trends of climate change), in the forecast period small increase in inflow (up to 10%) for each calendar month is expected.
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Figure 11 – Simulated changes in climatic annual hydrograph of Syr Darya river at Kazalinsk station based on forecast changes in metrological values

In Figure 11 grey color marks scenarios which reproduce most reliably changes in discharge in historical period P0 (2007 - 2016).
As a result, taking this scenario of freshwater inflow to Smaller Aral Sea as a basis, we can expect both increase in total volume of freshwater inflow and further reduction in salinity of sea down to values below those in pre-industrial period (about 10g/kg for the late 1950s). In addition, excess of fresh water may be redirected to other residual basins of Aral Sea via Kokaral dam. However, it worth noting that such excess of freshwater is negligibly small to launch the process of restoration of residual basins.
Unfortunately, in case of more aggressive scenarios of growth in green house emission (RCP 6.0, RCP 8.5) results of simulation of freshwater inflow is indicative of rather negative influence on the hydrology of Smaller Aral Sea, as well as on the economy and the environment of the region. Thus, reduction in predicted inflow of freshwater to Small Aral Sea by 7-15% in comparison with historical period would cause significant changes in the scheme of control over water resources at the regional scale which, in turn, would also reflect other sectors of the national economy. 
Works performed on the study of the dynamics of the water balance of Smaller Aral Sea may be divided into two large blocks: (1) simulation of water balance of the water-collecting part of the basin, and (2) simulation of the water balance of the marine part of the basin. Methodological description for each of them is presented below. 

3.2 Simulation of water balance of the basin

Simulation of the water balance of water collecting part of the basin.
To assess freshwater inflow to Smaller Aral Sea, a hybrid model of formation and transformation of water flow to its basin (Figure 12) was created. The hybrid model consists of two successively interacting blocks: ensembles of physically justified models of the zone of formation of river flows (upper block) and ensembles of statistical models of machine learning of the zone of transformation of river stock (lower block). 
Assessment of freshwater inflow to Smaller Aral Sea over the period till 2099 was performed based on application of previously developed hybrid model combining a set of physically justified hydrological models and models of machine learning. Results of simulation of possible climate changes (air temperature, precipitation and total evaporation) calculated based on four models of total atmospheric and oceanic circulation (GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC5) according to three potential scenarios of greenhouse emission (RCP 2.6, RCP 6.0, RCP 8.5) were used as input data for the hybrid model. 
As we can see in Figure 12, in the course of creation of a model for freshwater inflow, the basin of Smaller Aral Sea is divided into Inflow Formation Zone (FZ) and three Inflow Transformation Zones (TZ1, TZ2, TZ3). Triangles mark stations for observation of water consumption. 
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Figure 12 – Study area

Scenarios of potential climate change were adjusted (bias-correction) based on the use of WFDEI re-analysis for consistency of estimations of freshwater inflow over historical and forecast periods. In total, for forecast period (2007-2099) 12 scenarios (4 models, 3 scenarios) for freshwater inflow to Smaller Aral Sea were obtained. More detailed description of methods of forecast calculations for freshwater inflow to Smaller Aral Sea is presented in [16-18]. 
Simulation of the water balance of the marine sea of the basin
For landlocked Small Aral Sea which is subjected to significant changes in its area and volume, it is the most conveniently and significantly to perform calculations of the water balance in linear units, which in our case in volumetric gain. Equity of the water balance is in the following form:
 R+PS+G-ES-D=V,
where R – incoming river flow, P – precipitation, E - evaporation, G – underground component, D – inter-basin water exchange, V – volumetric gain.
Income portion of the water balance. Monthly values of river flow incoming to the sea (main part of income part of the water balance) were calculated using a hybrid model of formation and transformation of water inflow in the basin of Smaller Aral (for details see above and [16-19]) created within the Project.
Average values over the water area of Smaller Aral obtained according to data of node net of EWEMBI re-analysis and prepared for the entire basin of Smaller Aral Sea within the project were taken as monthly values of atmospheric precipitation.
Unfortunately, for Aral Sea there are no reliable data not only on inter-annual, but even on average long-term value of the underground component of the water balance. However, many researchers agree that this component is insignificant and it has almost no influence on sea level variations [20], and as such the underground component has not been taken into account in calculation of the water balance.
Consumption part of the water balance. Obtaining reliable estimations of evaporation which is the main negative component of the water balance is a complex task in arid zones poorly supported by observation data. The use of classical Penman formula [21] was hampered by the lack of the required wider set of regular data of weather observation. It was attempted to use simplified parametrization of evaporation through air temperature [19] taken from re-analysis. However, validation of water-balance model showed the most satisfactory results with the use of evaporation values directly taken from EWEMBI re-analysis, especially as these values had been previously correlate in a single data base with values across water collection of Smaller Aral Sea and used in the model of inflow formation. 
Inter-basin exchange established between this part of the sea and Greater Aral after they have separated holds a valuable place amongst consumption components of the water balance of Smaller Aral. Volumes of flow through Berg gut was sufficiently, which led to reduction of the level of Smaller Aral in 1990s and early 2000s. The model developed considers period after 2005 when the final version of Kokaral dam was launched in Berg gut, which resulted in filling and relative stabilization of the level of Smaller Aral approximately the point of 42.5 m.abs. Correspondingly, the model used threshold value of sea water volume (28km3) upon achievement whereof discharge of water over the dam started which linearly grew depending on further growth in water volume. Upon achievement of water volume value of 30km3, discharge of water fixed at the value of 1.5km3/month (maximum possible consumption through water discharge).
Validation of model. Data of satellite measurements of level of the surface of Smaller Aral were used to obtain real values of sea water volume within the researched period. Water-balance model of the marine part of the basin for each calculation step (Figure 10 – Observation data) was validated using a digital model of bottom configuration created based on a detailed bathymetric map which linked values of the level of basin surface obtained according to data of satellite altimetry with values of water volumes and surface area calculated according to the model (Figure 13). 
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Figure 13 – Hypsographic relation (on the left) obtained for Smaller Aral Sea and linking water volume and surface area with variations in its level (interval 0.1m)
In Figure 13, graphs of variation of the surface level (according to data of satellite sounding) and respective values of water volume calculated to each value of surface are presented on the right. Grey color marks time period of operation of the water-balance model. 



4 Unit  “Satellite monitoring”
4.1 Assessment of inter-annual variability of basin area, ice regime

Negative events taken place in 2020, related to introduction of quarantine measures due to a coronavirus infection that covered the whole world, raised a question of relevance of application of data of space sounding for continuous monitoring of environmental situation in the basin of Aral Sea again. Under conditions of almost complete cessation of any field works and expedition measurements, satellite methods actually remained the only sources of immediate and reliable information on the condition of Aral Sea region and morphological changes occurring therein.  During 2020 collection and processing of data of monthly satellite observations on Aral Sea of visible and infrared bands from the global portals for storage of satellite information developed by NASA (the USA) and the European Space Agency have been continued within the research work. Almost daily satellite data on Aral Sea of MODIS (Aqua-Terra) and VIIRS (SNPP) radiometers were collected depending on the weather conditions. In addition, for more detailed analysis of the condition of the water area and adjacent area several dozens of satellite images of high and ultra-high resolution from Landsat-8 and Sentinel-2 satellites were ordered and processed.  	
Data of MODIS and VIIRS sensors (aboard Terra, Aqua and SNPP satellites) provides an opportunity to trace changes in the coastal line and identify interesting phenomena in water, the atmosphere and drained areas of Aral Sea. Figures in Appendix G presents a series of 8 monthly images of MODIS sensor from Terra satellite between February and September this year, selected by optimal weather criteria in the middle of each month. All images have been taken according to composite technique to obtain images in natural colors. Such composition allows to identify irregularities immediately on water, underlining “bathymetrical” and “shallow” areas, as well as area with excessive soil salinization, besides, this technique allows clear separation of snow-covered to ice-covered areas. The images are consequently combined in Figures 1 and 2, Appendix D.
When analyzing the series of images, we can note that the scenario of redistribution of water masses in the researched basins of Aral Sea in whole repeats the situation that had been observe last year. The level of snow cover of the section under consideration has been again small and it was mainly concentrated in the northern part of the region and it has almost disappeared by the early February. An image from Terra satellite on one of rare cloudless days in the middle of winter presented in Figure 3, Appendix G, confirms this fact.
In common with the last year, the last winter has been in whole soft and has not led to formation of ice cover on all basins observed; stable ice cover was only noted on sweetened basins of Northern Aral, while Greater Aral, and its western and eastern parts almost has not been covered with ice. Representative distribution of ice cover in the basin of Smaller Aral by the early spring is presented in an image of high resolution from Sentinel-2A satellite (Figure 4, Appendix D), 
Overall image of high resolution of the entire northern Aral Sea region from Landsat-8 satellite demonstrating absence of stable ice cover beyond Smaller Aral by the early spring is presented in Figure 5, Appendix D. 
Further events in Aral basin also repeated the last year scenario. Melt water and water discharge from Kokaral dam through an intermediate basin only filled a small northern part of the Eastern basin, which can be seen in spring images in Figure 3, and as early as by the late spring after rapid drying, no water surface was noted there. Adding of water from Amu Darya also was extremely insignificant; the same Figure 3 only shows small filling of separate basins to the south of dried Eastern basin, where waters from Amu Darya opposed to some recent years has not reached at all. Upon termination of active water discharge from Smaller Sea and drying of the intermediate basin by the early summer, Tshchebas bay separated from it and formed a separate basin without connection with other basins which is regularly repeated all recent years. By comparing satellite data over these recent years, we note that the most drastic changes 2020 have taken place in the northern part of the Western basin in Chernyshov bay, which in the lack of any significant events in other parts were beyond our careful attention. As it was predicted before the launch of this project, accelerated drying across Aral region under conditions of dry winters and small amount of precipitation for over 2-3 years led to actual separation of Chernyshov bay the rest part of the western basin, at the same time, the bay itself is divided into two unequal parts, and the western one smaller in its volume and depth may also get dry soon. When assessing detailed satellite images of key sections of the area under consideration, we may note that in the first instance progressive drying was caused by small inflow of water to the bay through gat between the East and West. As it was mentioned above, the spring images in Figure 5, Appendix G, only poor filling of the Eastern basin and respective flowing over of water therefrom through the gat to the Western basin is observed.
Findings of images 6-7, Appendix D, allow to state that the process reached its maximum by the late March. In the middle of March, no water run in Figure 6 is noted, while in Figure 7 ten days later, the process of water exchange is observed alongside the entire gat. More detailed condition of the gat and its outflow zone in the point of entry to Chernyshov bay at the height of water flow is presented in MSI image of high resolution on 30 (Figure 8, Appendix D).
However, due to insufficient water inflow to the Eastern basin mentioned before, the process of water flow through the gat has almost ceased in April. We can expressly note that in images of high resolution of MSI scanner with two-week interval after the above image on March 30, presented in Figure 9, Appendix D.
The situation described ultimately led to the fact that Chernyshov bay started to divide into two parts for the first time over the long-term period of observations. The most demonstrative is comparison of detailed synchronous images of the entire bay with annual difference in time. By the early summer last and this year, the situation was as it is shown in shown in Figure 10, Appendix D.
Besides comparison of the condition of water’s edges in this two images, comparison of vegetative regions on dry land sections around the bay is of special interest. With absolutely synchronous processing and structuring of compositional maps according to three-channel technique for MSI sensor with equal time to take pictures in early summer each year, significant amount of vegetation in the image for 2019 is apparent in comparison with the current year, which may indicate significant reduction in water balance and drier period before date of filming in 2020, which, in turn, also influenced progressive drying and separation of the bay. In fact, this take place in the middle of June, 2020, which is apparent in comparison of images presented to June and July from MSI scanner in Figure 11, Appendix D. Highlighted fragment in the image for July 13 shows the shallower bond near the outflow of East-West gat, alongside whereof Chernyshov bay was divided into two basins. The specific character of drying of the bond is deviation of color spectrum to blue region, while with this technique of image processing blueness corresponds to sections of surface background at least marginally covered with water, which is not expressly observed near joining of two basins formed in the basin. According to the same principle and using images of maximum resolution and refining, we can monitor the condition of a gat connecting Chernyshov bay with the rest part of Western basin existing for several years, which was formed in location of relatively bathymetrical channel from the bay. Occurrence of separate high light in this gat may indicate potentially “problematic” zones, which ultimately will result in complete separation of Chernyshov bay from all other Aral basins and, apparently, its further drying in the absence of source of water inflow.
As it was mentioned before, quite a small amount of precipitation was observed over the region under consideration last summer, which led to described situation with division of Chernyshov bay into two basins. However, after a strong rain front, water exchange between these basins restored though for a short time. This situation is reflected in satellite images for the middle July presented in Figure 12, Appendix D, however, the bond was closed soon (Figure 13, Appendix D).
Inter alia, this may be indicative of the fact that longstanding autumn rain showers most likely will restore the water exchange and will connect two parts of the bay at least until next summer. So far, as of the date of preparation of the report, the situation is quite pessimistic, especially when analyzing the condition of the smaller western part of the separated bay. In the image 13 taken on the basis of composition of water-sensitive channels of MSI scanner translucent bottom of the basin and quite a small relatively bathymetrical section can be seen can be seen. In whole, in classical overall Modis’ image (Figure 14-15, Appendix D) it can be seen that the process of drying of basins beyond Smaller sea is uninterrupted and total area of the water surface of basins is reduced from year to year.

4.2 Assessment of long-term trends in change of water balance of large Central Asian lakes

To assess long-term trends of change in water balance of large Central Asian lakes, including Aral, we мы have analyzed inter-decade variations of level of three largest blind drainage basins in Eurasia based on satellite altimetry and data on precipitation and air temperature as the major factor defining evaporation from the surface of lakes and their water collections. In addition to Central Asian region, which included Aral, the comparative analysis also included neighboring inland regions: Tibetan plateau and West-Mongolian plateau (Figure 14). Rectangles represent spatial sphere of general closed drainage areas in A) Central Asia, B) West-Mongolian plateau and С) Tibetan plateau. Central Asia lakes include: 1) Southern Aral Sea, 2) Northern Aral Sea, 3) Sarykamyshskoye, 4) Balkhash, 5) Issyk Kul, 6) Zaisan.
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Figure 14 – Distribution of Central Asian lakes

Data sources
1) Data set on water level of a lake based on data of satellite altimetry.
Water level in the researched lakes was obtained from three global data sets: Hydroweb [22], G-REALM [23] and DAHITI [24].
2)  Metrological data set.
Climatic influence on the change of lake level was assessed based on regional precipitation and temperature data from GPC, UDEL and CRU products [25,26].
3) Data integration 
To integrate data on precipitation from different sources into a uniform data set, weight approach based on minimization of mean squared discrepancy between values was applied. Relative weight of each data source to weighted average was defined according to the level of their margin. Error dispersion of each data set was calculated using their average value as true value, whereupon relative weight was calculated as:

where, wi – weight of i data set, σj2 – its product margin, n – total number of data sets to be consolidated.
4) Trend analysis.
We applied non-parametric Mann-Kendall test (MK) to identify significance of trend in time sequences of water level in the lake and climatic variable. Due to its non-parametric nature, MK-test does not require a priory condition for standard distribution of random time sequences. To eliminate influence of auto-correlation of hydrological and meteorological sequences on calculation of trend, “trend-free pre-whitening” based on works [26] was applied prior to MK-test. This combination demonstrated its efficiency in assessment of trend in hydrological and metrological researches. Trend value was assessed by Sen method. In our research, α = 0.01 and α = 0.05 significance levels were accepted.
5) Identification of culmination points (trend change).
Trend change point determined based on statistical performance is considered as a potential initial point of drift of hydrological regime. To identify culmination in trends of metrological variable two methods were applied – Pettite test and Bayesian selective change test. Pettite test is a non-parametric test of trend for evaluation of origin of break point widely used to identify sharp variations in hydrological and climatic series. Bayesian test of break point is included in identification of variations in unknown time point and slip height in time sequence assuming that such variation has taken place. This test allows identification of average value, trend and/or deviation using minimum length of a segment between two slips. Change point was only acknowledged in case of identification of the same point using both methods, whereupon average value before and after slip of hydrological regime was calculated.

Regional climatic effect on level of lakes.
Level of lakes showed recent break of trend from drop to growth both in Central Asia and on Tibetan plateau. At the same time, change in the precipitation regime which took place approximately in 1998 and 2005 respectively acts as the major factor causing break. Trends to growth in water level differs between two regions: in 2005 break took place in the level of lakes in the northern part of Tibetan plateau with further significant trend to increase in the level. In Central Asia, the level of lakes constantly increased in 1998-2005, manifesting variations around mild trend afterwards.
To identify causes of such large-scale heterogeneity in change of the level of lake, we have studied interrelation between climatic factors – precipitation and air temperature – and change in the level. Cumulative analysis (Figure 15) has identified general regularities variations of air temperature on Tibetan plateau (TP) and in Central Asia (CA). Over the period between 1990 and 1997, trends to drop in air temperature was observed in both regions. In the western part of TP, trends to increase in air temperature in three lake basins were observed before 2007, which were followed significant variations with express drop in temperature in 2012. Opposed to air temperature, precipitation regime manifested noticeable spatial differences between СА and ТР. At the same time, dynamics of the level of lakes followed the dynamics of cumulative abnormal precipitation in lake basins, which demonstrate that cumulative influence of precipitation at regional scales plays a pivotal role in variation of the level of lakes both in CA and on TP.

Regime of slip of precipitation and temperature 
As it was demonstrated above, variation in level of lakes demonstrate their direct relation to precipitation and air temperature over lake basins (Figure 16). To assess whether the change of climatic conditions would lead to the change in the general trend in variation of the level of lake, analysis of climate change was conducted at the scale of the basin. As we can see in Figure 16, significant variation of annual time sequence of precipitation (blue line) and temperature (orange line) on the scale of basin of lakes in Central Asia. Vertical lines represent years of regime change. Horizontal lines represent average value of each regime.
To assess break points of annual time sequences of precipitation and air temperature, two methods have been applied, findings whereof are presented in Figure 16. In Central Asia, two slips were recorded in precipitation. By reference thereto, the entire period between 1990 and 2016 was divided into three periods: 1990-1997, 1998-2008 and 2008-2016. Step-like increase was identified in three periods: in Balkhash lake, Issyk Kul lake and Zaisan lake, which supported the growth in the level of the lake in 1997, which was associated with the changed regime in air temperature in 1997. On the Tibetan plateau, change in precipitation regime differed between North and South parts. Slip in 2005 was identified in the northern part, while in the southern part years of slip were identified both in 1997 and 2008. Change in temperature occurred in 1997, alike in CA; change in the regime was associated with a defining moment in the change of the lake level.
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Figure 15 – Cumulative abnormal precipitation in basins of Eurasian lakes

The left panel: cumulative precipitation abnormality (blue line); the left panel: cumulative abnormality of temperature (yellow line) at the scale of the basin between 1990 and 2018 in comparison with the lake level (grey line) in Central Asia showed on the axis on the right – x.
Thus, all Central Asian lakes pass through sharp increase in water level starting from 1997. Such constant increase in water level in all lakes of the largest regions without drainage is the most important finding of the research. Previous researches indicated to constant reduction in level of lakes in the region from the middle and till late 20th century. Growing demand in water use in that century was named as the reason of reduction in the level of lakes Issyk Kul, Zaisan and Sarykamysh [16, 27-29]. Based on this data, it was assumed that these lakes could share the fate of Aral Sea which has dried down to 10% of its volume only within 40 years between 1960 and 2000 [4].
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Figure 16 – Changes in the regime of precipitation and temperature in basins of Eurasian lakes

Almost simultaneous consistent switch to increase in water level of all these lakes may be considered as a sign of a large-scale change in hydrological regime in Central Asia. Our findings confirm with recent conclusions [27] of the research on change in lake area in СА based om images of Landsat between 1975 and 2007, which revealed that the major part of lake surface tends to increase since 1997. Scientists [30,31] has also discovered that the water level in Balkhash lake had been increased since 1993. Less noticeable increase in the water level of Sarykamysh lake is apparently associated with its artificial origin and, as a consequence, greater dependence on water drained due to irrigation, than on changes in the regional hydrological regime.
Findings of this large scale analysis explain important trends in dynamics of two largest remaining basins of Aral Sea: southern Aral (also called Greater Aral Sea) and northern Aral (also called Smaller Aral Sea). The latter is mainly filled from feeder of Syr Darya river, and its level since 2005 is adjusted by Kokaral dam which separates Smaller Aral from the remaining part of the former basin of Aral Sea. As a result, water level in Smaller Aral has rapidly grown up to maximum value allowed for construction of a dam, and remained almost constant after 2006, while gates of the dam remained open for most of the year. Concurrently, the water level in Greater Aral stabilized near constant value after decades of permanent reduction. Amu Darya, the major inflowing stream of Greater Aral is heavily regulated and intensively used for irrigation and, as a rule, does not reach the lake and partially run into Sarykamysh lake. Consequently, stabilization of the water level in Greater Aral may be interpreted as a flow of water from Smaller Aral preconditioned by incapacity of Kokaral dam to constrain growing flow form Syr Darya which, in turn, is cause by increase in precipitation at its water collection. Thus, dynamics of residual basins of Aral Sea is coherent with increased water level in other terminal lakes in Central Asia being a consequence of the same large-scale processes.
Remote monitoring performed under conditions of quarantine measures due to a coronavirus infection has showed high efficiency of algorithms and technology for comprehensive assessment of the condition of the ecosystem of Aral region and entire adjacent area on the basis of a wide range of gauges installed on earth satellite vehicles and data obtained therefrom in real-time mode of medium and high resolution in different band of the spectrum developed within our scientific research. It allowed to evaluate dynamics of changes in coastline as well as anthropogenic and climatic factors efficiently and with higher reliability. Under conditions of impossibility to perform field expedition works, satellite observations almost remained the only source to obtain immediate and reliable information on environmental condition of Aral Sea region and preparation of forecast evaluations for further development of the region.

CONCLUSION

Seasonal nature of the current filling of Aral basins and its dependence on climatic factors was established. With stable level of the basin of Smaller sea and regular discharge of water through Kokaral dam, uninterrupted drop in the level in Western basin of Greater Aral, as well as almost complete drying in the summer period of Eastern basin were notice. During the entire period of observations, ice cover was only observed in sweetened basin of Smaller sea and partially in Tshebas bas, while in other basins, ice cover had not been formed in full. Two last summers were with little snow and dry, which resulted in constant drop in the sea level; primarily this is the case of Western basin, since Eastern basin has been already dried by the middle of summer. Exactly for Western basin based on multi-year archive data we have performed annual assessment of the area of its water surface starting from 2008, and it has been demonstrated that since then till present it was reduced almost by 2 times and continues to decline progressively. Using data of optical sensors, we have noticed that in 2018, an intense phytoplankton bloom in Eastern basin was observed due to intense Mat overheating of sweetened melt water, which has not been observed in onwards since the basin was almost dried by summers. Due to short water inflow in the recent year water exchange between Eastern and Western basins has almost ceased, which resulted in actual separation of Chernyshov bay from the remaining Western basin, as well as in its division into two unequal parts, the smaller whereof as of the date of preparation of the report has almost dried.
Within our research work within three-year period of observations, depending on the weather conditions almost daily satellite data on Aral Sea of visible and infrared bands of AVHRR (NOAA-METOP) and MODIS (Aqua-Terra) radiometers obtained in real-time mode from Satellite Information Receiving Station of Marine Hydrophysical Institute of RAS were collected. In addition, for more detailed analysis of the condition of water area and adjacent areas more than a hundred of satellite images of high and ultra-high resolution from Landsat-8 and Sentinel-2 satellites were ordered and processed. Regular analysis of multi-year archive of data since 2002 has also been conducted to assess changes in progress.
All data of remote monitoring we have obtained were processed and stored on magnetic media and it was partially published in the Internet on specialized web-sites, as for the most specific images and descriptions thereof were presented in annual reports on the project established following monitoring in 2018-2020. Following the work, it should be noted that satellite observations have been a critical component of the project for comprehensive assessment of the condition of the ecosystem of Aral Sea region and entire adjacent area, especially under conditions of quarantine measures due to coronavirus infections affecting the whole globe, when remote observations remain almost the only source to obtain immediate and reliable information on the environmental condition of Aral Sea region and preparation of forecast estimations of further development of the region, and they shall be certainly continued within further projects on monitoring of Aral Sea.
Over the period of implementation of the Project, a number of the most important findings on the study of the modern dynamics of the water balance of Smaller Aral Sea was obtained. First, based on the current data on stream flow of Syr Darya river, specific data of meteorological and hydrological re-analyses, and hydrological model developed, freshwater inflow to Smaller Aral Sea over the period between 1994 and 2016 was calculated. Findings are the first open scientifically justified model estimation of freshwater inflow over the current period. Second, based on data on freshwater inflow and using a model of water balance of the marine part of the basin developed calculations of monthly gain in water volume of Smaller Aral Sea over the modern period between 2006 and 2017 were obtained. Block of assessment of inter-basin water exchange used in the water-balance model allowed to calculate with a monthly resolution, the volume of water discharged from Kokaral dam, the major component of income part of water balance of other residual basins of Aral Sea. Third, based on hybrid hydrological model developed forecast estimations (until 2099) of variability of freshwater inflow to Smaller Aral Sea using three climate scenario (RCP 2.6, RCP 6.0, RCP 8.5) were performed.
Satellite monitoring performed within the project has been an important source of immediate areal information on condition of the ecosystem of Aral Sea and entire adjacent area, dynamics of change in coastline, and influence of anthropogenic and climatic factors. Spatial resolution of data of satellite sounding allowed to control formation of ice cover, to assess flooding or drying of separate sections, identify different natural phenomena and predict potential changes.
Major characteristics of the satellite monitoring of Aral basin are: 
-  efficiency, which is achieved through processing of data on time scale close to that real with specific deadline to present findings of measurements within 2-3 hours after satellite observation;
-  diversification, which is achieved through using of a wide range of sensors, visible-to-near infared radioneters;
-  multi-dimension, which is defined by application of a set of means for earth remote sensing (ERS) with wide-span equipment (survey swath: 2500km, resolution: 250m) and field-specific equipment for close mapping of monitoring sites (survey swath: 10-185km, resolution: between 0.3m/pixel and 15-30m/pixel); 
-  high framing rate, which is achieved using different orbit groups of space modules, which ensure optical framing with frequency up to 4-6 times a day in visible and IR band;
-  economical efficiency, which is achieved by combination of data of satellite monitoring from free resources with commercial license data from different suppliers, as well as with data from global archives and data bases of remote sounding being in free access. 
The core of the above analysis is included in assessment of the capacity of terminal lakes as dot displays of influence of a large scale climate change on large inland basins. Thus, variations in the water level in terminal lakes may provide insight both into regional hydrological regime and changes in global circulation. Regularities identified in the research regions are indicative of the changed trend in the water level in terminal lakes from long-term drop to its growth, which supposes dramatic shifts in atmospheric circulation and regional water balance. Spatial structure of the level of lakes is directly associated with climatic factors, such as precipitation and air temperature. Increased amount of precipitation and air temperature on basins of lakes in Central Asia has been identified since 1997 being an indicator of changed climate from warm and dry to warm and wet.
Current filed studies in all parts of Aral Sea have sporadic nature; most sensitive monitoring hydrometeorolohical stations ceased to exist in the first half of 1990s, therefore this work used data base of indirect observation of the water level, freely distributed by DAHITI project, as well as data base of ERA-Interim climate re-analysis. The main purpose of this work is to study opportunities to simulation dynamics of water volume of the basin subjected to arid conditions using data of indirect measurements from open sources. 
Works performed within the project allowed to develop and successfully test a set of hydrological, physically justified models capable to forecast the volume of inter-basin water exchange in residual basins of Aral Sea. 
Our findings conform to recent conclusions [15,16,27-32], which studied change in the area of area of lakes in CA based on images of Landsat between 1975 and 2007, and discovered that the most part of lake surface has a trend to increase since 1997. Lesser expressed increase in the water level in Sarykamysh lake is apparently associated with its artificial origin and, as a consequence, greater dependence on water drained due to irrigation, than on the change of regional hydrological regime.
The findings of this wide-scale analysis explain important trends in the dynamics of the two largest remaining bodies of water in the Aral Sea: the southern Aral (also called the Great Aral Sea) and the northern Aral (also called the Small Aral Sea). The results obtained in the course of this Project, in many ways, complement and deepen the understanding of the above issues, shifting the focus from a global scale to specific problems of water resources in the Small Aral Sea basin. The resulting scenarios of predicted changes in the inflow of fresh water into the Small Aral Sea in the XXI century, together with the developed water balance model, will be used in further studies of this insufficiently studied, but extremely important region, for example, to assess the impact of climate change on physical and biological characteristics. Of the Small Aral Sea or to develop practical measures to mitigate the environmental and social consequences of projected changes in regional hydrology. 



























BIBLIOGRAPHY

1 Woolway R. I.,  Merchant C.J. Intralake Heterogeneity of Thermal Responses to Climate Change: A Study of Large Northern Hemisphere Lakes // JGR: Atmospheres. - 2018. - №123 (6). - Pages 3087-3098. https://doi.org/10.1002/2017JD027661 
2 Xue L., Yang F., Yang C. et all. Identification of potential impacts of climate change and anthropogenic activities on streamflow alterations in the Tarim River Basin, China // Scientific Reports. - 2017. - №7. https://doi.org/10.1038/s41598-017-09215-z 
3 Zhu B., Xue L., Wei G., Zhang L., Chen X. CMIP5 projected changes in temperature and precipitation in arid and humid basins // Theoretical And Applied Climatology. - 2019. - №136 (3-4). - Pages 1133-1144. https://doi.org/10.1007/s00704-018-2542-1 
4 Zavyalov P.O. The Big Aral Sea at the beginning of the XXI century: physics, biology, chemistry / P.O. Zavyalov, E.G. Arashkevich, I. Bastida, A. I. Ginzburg, S.N. Dikarev, J.S. Zhitina, A.C. Izitsky, D.P. Ishniyazov, A.G. Kostyanoy, V.I. Kravtsova, T.V. Kudyshkin, A.K. Kurbaniyazov, A.A. Nee, A.B. Nikishina, M.A. Petrov, A.F. Sazhin, F.V. Sapozhnikov, D.M. Soloviev, V.M. Han, H.A. Sheremet. M .: Science. - 2012 -- 228 p. (in Russian).
5 Sapozhnikov F.V., Kalinina O.Y., Nikitin M.A. Cyanoprokaryotes of the Big Aral Sea at the stage of ultrahalinization of waters // Issues of modern algology. - 2017 - No. 1 (13). – P.11-45. (in Russian).
6 Sapozhnikov F.V., Kalinina O.Y. The main results of observations of changes in the bottom biota and ichthyofauna of the Big Aral Sea in the period 2002–2017 // Ecology of the hydrosphere - hydrosphere-ecology.ru. - 2018 - No. 1 (2). – P. 56-62. (in Russian).
7 Hofmann G., Werum M., Lange-Bertalot H. Diatomeen im Süßwasser—Benthos von Mitteleuropa. Bestimmungsflora Kieselalgen für die ökologische Praxis. - Königstein: Koeltz Scientific Books.  - 2013. - 908 р.  
8 Izhitskiy A.S., Zavialov P.O., Sapozhnikov P.V., Kirillin G.B., Grossart H.P., Kalinina O.Y., Zalota A.K., Goncharenko I.V., Kurbaniyazov A.K. Present state of the Aral Sea: Diverging physical and biological characteristics of the residual basins // Scientific Reports. - 2016. - 6. - 23906.
9 Komárek J., Anagnostidis K. Cyanoprokaryota. I. Chroococcales. Cyanoprokaryota. Heidelberg & Berlin: Spektrum, Akademischer Verlag, 1999. – 548 p.
10 Komárek J., Anagnostidis K. Süsswasserflora von Mitteleuropa. Cyanoprokaryota. München: Elsevier Spektrum Akademischer Verlag, 2005. – 759 p. 
11 Levkov Z. Amphora sensu lato // Diatoms of Europe: Diatoms of the European Inland Waters and Comparable Habitats. Ruggell: A.R.G. Gantner Verlag K.G. - 2009. - Vol. 5. -  P. 5-916. 
12 Reykhard L., Sapozhnikov P., Izhitskiy A. et al. Halogenesis and biomineralization in the residual basins of the Aral sea // Book of Abstract. 32nd European Crystallographic Meeting (ECM32). - Vienna, Austria, 2019. - P. 186-186.
13 Sapozhnikov F.V., Ivanishcheva P.S., Simakova U.V. Modern assemblage changes of benthic algae as a result of hypersalinization of the Aral Sea // Journal of Marine Systems. - 2009. - V. 76 (3). - P. 343-358.
14 Sapozhnikov F.V., Arashkevich E.G., Ivanishcheva P.S. Biodiversity In The Handbook of Environmental Chemistry: The Aral Sea Environment . – Germany: Springer, 2010. - P. 235-282.
15 Kurbaniyazov A. K. state of ecosystems of drainless lakes of arid climate and possibilities of their economic use on the example of residual reservoirs of the Aral sea // Research report (interim). - 2019. - 40 p. (in Russian).
16 Ayzel G., Izhitskiy A. Climate Change Impact Assessment on Freshwater Inflow into the Small Aral Sea // Water, 2019. - № 11(11). - 2377.
17 Ayzel G., Izhitskiy A. Coupling physically based and data-driven models for assessing freshwater inflow into the Small Aral Sea // Proceedings of the International Association of Hydrological Sciences, 2018. - № 379. - Р.151-158.
18 Lange  S. EartH2Observe, WFDEI and ERA-Interim data Merged and Bias-corrected for ISIMIP (EWEMBI) // GFZ Data Services. - 2019. - №.1.1. http://doi.org/10.5880/pik.2019.004
19 Linacre E. T. A simple formula for estimating evaporation rates in various climates, using temperature data alone // Agricultural meteorology. - 1977. - №18(6). - Р. 409-424.
20 Bortnik V.I., Chistyaeva S.P. Aral Sea. Hydrometeorology and hydrochemistry of the seas of the USSR // L .: Gidrometeoizdat. - 1990. (in Russian).
21 Penman  H.L. Natural evaporation from open water, bare soil and grass // Proc. Roy. Soc. London A, 1948. - №194. - Р. 120-145.
22 http://hydroweb.theia-land.fr/ 
23 https://ipad.fas.usda.gov/cropexplorer/global_reservoir 
24 https://dahiti.dgfi.tum.de/
25 http://climate.geog.udel.edu/
26 Wang H., Xue G., Li Z. Ozone-peroxide TCF bleaching of low-kappa number wheat straw pulp, Chung-kuo Tsao Chih // China Pulp and Paper. - 2003. - №22 (6). - Р. 5-8.
27 Woolway R. I., Merchant C. J. Worldwide alteration of lake mixing regimes in response to climate change // Nature Geoscience. - 2019. - №12(4). - Р. 271.
28 Deng H., Chen Y. Influences of recent climate change and human activities on water storage variations in Central Asia // Journal of Hydrology. - 2017. - №544. - Р. 46-57.
29 Chen Y., Li Z., Fang G., Li W. Large hydrological processes changes in the transboundary rivers of Central Asia // Journal of Geophysical Research: Atmospheres. - 2018. - №123(10). - Р. 5059-5069.
30 Propastin Pavel. Multisensor Monitoring System for Assessment of Locust Hazard Risk in the Lake Balkhash Drainage Basin // Environmental Management. - 2012. - №50 (6). – P. 1234-1246. https://doi.org/10.1007/s00267-012-9950-2 
31 Imentai A., Thevs N., Schmidt S., Nurtazin S., Salmurzauli R. Vegetation, fauna, and biodiversity of the Ile Delta and southern Lake Balkhash - A review // Journal Of Great Lakes Research.  - 2015. - №41 (3). - P. 688-696. https://doi.org/10.1016/j.jglr.2015.04.002   


















APPENDIX А 
 Work schedule for 2018-2020
[image: ]
[image: ]
[image: ]
[image: ]

Appendix 1.6 
to Agreement No. __ dated ____/____/2018 
for grant financing

TECHNICAL SPECIFICATION AND
WORK SCHEDULE

under Agreement No. _____ dated _____ / _____/2018 

1. “KHOJA AKHMED YASSAWI INTERNATIONAL KAZAKH-TURKISH UNIVERSITY” INSTITUTION

1.1 Priority: Sustainable use of natural resources, including water resources, geology, processing, advance materials and technologies, safe items and structures.
1.2 Sub-priority: Management of water, soil and biological resources.
1.3 Project topic: No. AP05134202 “Condition of ecosystems of basin lakes of arid climate and opportunities for their economic use using the example of residual basins of Aral Sea”.
1.4 Total project amount: 18,120,000 (eighteen million one hundred and twenty thousand) KZT, including with a breakdown by years, for performance of works according to Paragraph 3:
- 2018 – totaling to: 6,000,000 (six million) KZT;
- 2019 – totaling to: 6,054,000 (six million fifty-four thousand) KZT;
- 2020 – totaling to: 6,066,000 (six million sixty-six thousand) KZT.

2. Characteristics of scientific research product according to qualification features and economic indicators
2.1 Area of work: issues of ecology and sustainable use of natural resources.
2.2 Scope of application: geography, biology and ecology.
2.3 Final outcome: 
- in 2018: Assessment of variability of a three-dimension structure of hydrophysical and hydrochemical fields in the basins of Aral, hydrodynamic circulation, as well as their variability at synoptic scale; Study of the processes of interaction  of waters of Smaller and Greater Aral, as well as the western and eastern basins of Greater Aral and related inter-basin flow of mass, heat and salt, and influence thereof on formation of thermohaline structure of the basin and evaporation rates, as well dynamical mechanisms causing the exchange via a gat connecting basins; Development and testing of models; Collection and processing of accompanying data of monthly satellite observations across Aral See of visible and infrared band radiometers (AVHRR, NOAA and MODIS (Aqua/Terra) from the station for reception of satellite information of Marine Hydrophysical Institute or RAS. Publication of 2 articles in national peer-review scientific editions with non-zero impact factor;
- in 2019: Assessment of influence of inter-basin exchange on formation of thermohaline structure of the basin and evaporation rates, as well as dynamic mechanisms causing this exchange via a gat connecting basins; Comparative assessment of stability of newly established ecosystems and dependence thereof on morphometric, hydrologic and climatic features of the basin in order to identify general regularities for other lakes in the arid zone of Kazakhstan; Preliminary model experiments. Assessment of sensibility of findings to variations of input parameters; Assessment of seasonal variation in filling of Aral basins. Tracking of ice regime, efficiency of phytoplankton based on surface fluorescence; publication of 1 monography in a Kazakhstani edition, publication of 2 articles in international peer-review scientific editions with nonzero impact factor;
- in 2020: Identification of mechanisms for adaptation of biological organisms to extreme living environments in different residual basins (Greater Aral, Smaller Aral, Tushebas, eastern ephemeral Aral); Study of dynamics of bio-diversity under conditions of rapidly changing physical-chemical and hydrological conditions; Assessment of artificial control of water exchange in Smaller Aral on vertical mixing, biogenic regime, trophic conditions of the basin with assessment of potential effects on seasonal behavior of Smaller sea and its efficiency at inter-annual scale; Obtainment of diagnostic and forecast evaluations of changes in the level and condition of the sea for next 20-30 years depending on the water content of rivers; Assessment of inter-annual variability of the basin area; publication of 2 articles in national peer-review editions, 2  articles in conference information packages and 2 articles in international peer-review scientific editions indexed in Web of Science or Scopus data bases with non-zero impact factor (Journal of Marine Systems, Aquatic Geochemistry Geophysical Research Letters).
2.4 Patentability: Non-patentable.
2.5 Scientific and technical level (novelty): Identification of regularities and mechanisms of the response of the system of residual lakes of Aral Sea which have been affected by the strongest anthropogenic stress: to anthropogenic and climatic effects. Results achieved shall serve as a basis for fundamental understanding of the dynamics of terminal lakes in the changing climate, as well as assessment of their capacity in relation to different types of economic use. 
2.6 Scientific and technical product will be used by: Contractor. 
2.7 Use of the result of scientific and (or) scientific and technical activity: 1) Description of the current state, and seasonal and inter-annual variability of hydrophysical and hydrochemical fields of separate residual basins of Aral Sea; 2) Comparative analysis of hydrological conditions and ecosystems of separate residual basins of Aral Sea – western basin of Greater Aral, eastern basin of Greater Aral, Chernyshov bay before and after its potential separation, Tshchebas lake, Smaller Sea; 3) Development of reasoned forecast for evolution of the condition of each of residual basins for the next 20-30 years.

3. Name of works, terms for implementation and results

	The cipher of the task stage
	Name of work under the Contract and the main stages of its implementation
	Terms
	Expected result

	
	
	Beginning
	Completion
	

	1.1
	Unit “Field researches”
	July 2018 

	August 2018 

	Assessment of the variability of the three-dimensional structure of hydrophysical and hydrochemical fields in the Aral waters, hydrodynamic circulation, and their variability on synoptic scales (Task 1).

	2.1
	Unit  “Data analysis”
	September 2018 

	Before November 1, 2018 
	Investigation of the processes of interaction between the waters of the Small and Great Aral, as well as of the western and eastern basins of the Great Aral and the associated inter-basin flows of mass, heat and salt, their influence on the formation of the thermohaline structure of the reservoir and the evaporation rate, and the dynamic mechanisms that force this exchange through the connecting Strait pools (Task 2).

	3.1
	Unit “Numerical simulation”
	January 2018 



	Before November1, 2018 
	Development and testing of models (Tasks 1, 2, 3).
1 publication in a national peer-review scientific editions with non-zero impact factor

	4.1
	Unit “Satellite monitoring”
	January 2018 

	Before November 1, 2018 
	Works on collection and processing of satellite data of monthly satellite observations on the Aral Sea of the visible and infrared ranges (radiometers AVHRRNOAA and MODISAqua / Terra) from the satellite receiving station of the Marine Hydrophysical Institute of the Russian Academy of Sciences (Tasks 1-9) will be started.

	1.2
	Unit “Field researches”
	July 2019 

	August 2019 

	Assessment of the influence of inter-basin exchange on the formation of the thermohaline structure of the reservoir and the rate of evaporation, as well as the dynamic mechanisms that cause this exchange through the connecting straits (Tasks 3-4)

	2.2
	Unit  “Data analysis”
	January 2019

	Before November 1, 2019 
	Comparative assessment of the stability of newly formed ecosystems and their dependence on the morphometric, hydrological, climatic properties of the reservoir in order to identify common patterns for other lakes in the arid zone of Kazakhstan (Task 7).
2 publications in international peer-review scientific editions with non-zero factor.
1 monography in a Kazakhstan edition.


	3.2
	Unit “Numerical simulation”
	January 2019 

	June 2019 
	Preliminary model experiments. Estimation of the sensitivity of the results to variations in the input parameters (Tasks 2, 3)

Obtaining model diagnostic and prognostic assessments of possible sea level and sea level changes for the next 20-30 years, depending on river water content (Tasks 6, 9).

	4.2
	Unit “Satellite monitoring”
	January 2019 

	Before November 1, 2019 
	Estimation of seasonal variability in the filling of the Aral basins. Tracking the ice regime, the productivity of phytoplankton based on surface fluorescence (Tasks 2, 3, 5, 6, 9).

	1.3
	Unit “Field researches”
	May 2020 
	June 2020 
	Identification of the mechanisms of adaptation of biological to extreme habitats in various residual water bodies (Bolshoy, Small Aral, Tushchebas, eastern drying Aral); Study of the dynamics of biodiversity in the rapidly changing physical, chemical and hydrological conditions. (Tasks 5, 7)

	2.3
	Unit “Numerical simulation”
	January 2020 

	July 2020 

	Evaluation of the influence of artificial regulation of water exchange in the Small Aral on vertical mixing, biogenic regime, trophic state of the reservoir with an assessment of potential effects on the seasonal regime of the Small Sea and its productivity on interannual scales (Tasks 2, 7, 8).

	4.3
	Unit “Satellite monitoring”
	January 2020

	Before November 1, 2020 
	Assessment of interannual variability of basin area (Tasks 1, 7, 9).
2 articles in international peer-review scientific editions indexed at Web of Science or Scopus data bases with non-zero impact factor (Journal of Marine Systems, Aquatic Geochemistry Geophysical Research Letters). 2 articles in national peer-review journals, 2 articles in national and international conference information packages.
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APPENDIX B 
List of published works on the topic for 2018-2020

List of published works for 2018
Publications in domestic journals recommended by CCSES MES RK
1 Kurbaniyazov A.K., Sambayev N.S., Atabayev Zh.F., Sagyndykova E.U. The current hydroecological state of the lower reaches of the Syrdarya river and the use of its runoff resources // Bulletin of Yasavi University.  – 2018. - No. 1 (107). - pp. 160-170. (In Russian).
2  Kurbaniyazov A.K., Zavyalov P.O., Sambayev N.S., Atabayev Zh.F., Nurgalieva G.Zh., Abdrassilov A.A. Ways to increase the productivity of ichthiofauna in the lakes of the Aral-Syr  Darya basin system // Bulletin of the National Academy of Sciences of the Republic of Kazakhstan. - 2018. - №2. - P.256-262.
3 Kurbaniyazov A.K., Makkaveev P.N., Zavialov P.O., Yusupov B. Investigation of chemical composition of the Aral sea water in autumn seasons of 2012 and 2013 // Bulletin of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and Engineering Sciences. - 2018. - №3(429). - P.75-83.
Papers published at International conferences
1 Kurbaniyazov A.K., Zavyalov P.O., Zloto A.K., Izhitskiy A.S., Kirilin G., Sapozhnikov F.V., Kalinina O.Yu., // Current state of the residual reservoirs of the Aral Sea // Materials of International scientific and practical conference "Problems and prospects of complex geographic research in the Aral region and adjacent territories". - Nukus: Nukus state pedagogical Institute named after Ajiniyaz, 2018. - Pp. 13-17. (In Russian).
2 Kirillin G., Alymkulov S., Kurbaniyazov A., Zavialov P. Seasonal mixing regime of Eurasian lakes: how resistant is it to the climate variability // International Conference  «Freshwater  Ecosystems - Key Problems».  - Irkutsk: LLC «Megaprint», 2018.  - P. 56-57.

List of published works within the project for 2019
Scientific articles in journals included in the Web of Science and Scopus databases
1 Izhitskaya E.S., Izhitskiy A.S., Zavialov P.O.et all. Dissolved methane in the residual basins of the Aral Sea // Environmental Researcn Letters. - 2019. - №14. (065005). https://doi.org/10.1088/1748-9326/ab0391, Web of Science, IF за 2018 г. – 6.096. (In Russian). 
2 Andpulionis N.Yu.., Zavialov P.O.. Laboratory Studies of Main Component Composition of  Hyperhaline Lakes // Experimental And Expeditionary Studies. Physical Oceanography, 2019, 26(1), pp. 13-31. https://doi.org/10.22449/1573-160X-2019-1-13-31 
Collective monograph published in the international Springer database
1  Remote Sensing of the Asian Seas / Cretaux J.F., Kоstianoy A., Berge-Nguyen M, Kouraev A. Под ред. Barale V., Gade M. - 1 изд. - Hamburg: Springer, 2019.  - 523-539 p. https://doi.org/10.1007/978-3-319-94067-0
Publications in domestic journals recommended by CCSES MES RK
1 Mambetulayeva S.M., Kuchkarova S.A., Kurbaniyazov A.K. Features of successional processes and restorative potential of phytocenoses on the dried bottom of the Aral Sea // Problems of Geography and Geoecology. . - 2019. - № 2. - P.81-87. (In Russian).
2 Mambetullaeva S.M., Kurbaniyazov A.K., Nurgaliyeva G.Zh. Research of transforvdtion of biogenoustltments in water ecosystems of the southern Aral sia area // News Of The National Academy Of Sciences Of The Republic Of  Kazakhstan. Series of agricultural sciences. - 2019. - №3 (51). - P. 33-36. 
Monograph in Kazakhstan publishing house
1. Kurbaniyazov A. K. Natural complexes of the Aral sea: monograph. - Shymkent: «Alem» printing House, 2019. - 115 p. (In Russian).

List of published works within the project for 2020
Publications in domestic journals recommended by CCSES MES RK
1 Izhitsky A. S., Zavyalov P. O., Kurbaniyazov A. K., Sapozhnikov F. V., Yakushev E. V. Comprehensive study of the hydroecological state of residual reservoirs of the Aral sea // Questions of geography and Geoecology. - 2020. - No. 2. - Pp. 30-39. (In Russian).
2  Ayzel G.V., Izhitskiy A.C., Kurbaniyazov A.K. Forecasting of tһe state of tһe small Aral sea based on open data sources  // Reports of the National Academy of sciences of the Republic оf Kazakhstan. - 2020. - №4 (332). - P. 57-64. https://doi.org/10.32014/2020.2518-1483.89 
Scientific articles in journals included in the Web of Science and Scopus databases
1  Zavialov P.O., Izhitskiy A.S., Kirillin G.B., Rezvov V.Yu., Alymkulov S.A., Zhumaliev K.M., Kurbaniyazov A.K. Features of Thermohaline Structure and Circulation in Lake Issyk-Kul  // Oceanology. - 2020. - №60 (3). - P. 297-307. https://doi.org/10.1134/S0001437020020137 
2  Ayzel G., Izhitskiy A. Climate change impact assessment on freshwater inflow into the small Аral sea // Water. - 2019. - №11 (11). - P. 2377. http://dx.doi.org/10.3390/w11112377 Web of Science, IF  2019 . – 2,544. 
3.A.K.Kurbaniyazov, S.K.Berdibayeva, K.Mamutov, P.R.Reimov, K.A.Kosnazarov, E.U.Sagindykova, Some questions study of deflation processes and sand transport in the drained bottom of the Aral sea // News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology sciences. – 2020. - № 6 (444). – С. 40-50.
Reports published at International conferences 
1 Kurbaniyazov A. K., Nabiollin D. E. Conducted Research of the Northern part of the Aral sea // Collection of materials of the Republican scientific and theoretical conference "Topical issues of geography and teaching". - - Nukus: Nukus state pedagogical Institute named after Ajiniyaz, 2020. - Pp. 172-174.  (In Russian).
2 Sapozhnikov F. V., Kalinina O. Yu., Kurbaniyazov A. K., Abdrasilov A. Studies of microphytobenthos in reservoirs of the small Aral sea system // Collection of materials of the international scientific and theoretical conference "Topical issues of Natural Sciences". - Nukus: Nukus state pedagogical Institute named after Ajiniyaz, 2020. - Pp. 229-231. (In Russian).
3 Shatwell T., Kirillin G. Effect of climate warming on the mixed layer depth in lakes // In EGU General Assembly Conference Abstracts. – 2020. - Р. 22261.
4  Kochkarova S. A., Sapozhnikov F. V., Zavyalov P. O. Current state of vegetation cover on the dried-up bottom of the Western Aral sea.//Materials of the International scientific and practical conference "Protection and rational use of natural resources of the southern Aral sea region" - Nukus: Karakalpak state University named after Berdakh, 2020. – P. 46-54. (In Russian).
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APPENDIX D
Satellite images of the Aral sea for 2020
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Figure 1-Overview maps of the Aral sea region from February to may 2020
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Figure 2-Overview maps of the Aral sea region from June to September 2020
[image: ARAL0120]
Figure 3-Overview map of the Aral sea region for January 2020[image: 200312NA]
Figure 4-Distribution of ice cover in the Small Aral sea in March 2020
[image: 200306n8]
Figure 5-Distribution of ice cover in the Greater and Lesser Aral sea in March 2020[image: 200312ct]
Figure 6.-10-meter resolution Image from the Sentinel-2A satellite for 12.03.2020.
[image: 200322ct]
Figure 7-10-meter resolution Image from the Sentinel-2A satellite for 22.03.2020.[image: 200330]
Figure 8-Maximum water filling of the East-West Strait 30.03.2020
[image: 200416]
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Figure 9-Drying up of the East-West Strait during April 2020
[image: Chernyshov_Gulf_JUN1920]
Figure 10-water Filling of Chernyshov Bay by the beginning of summer 2019 and 2020
[image: 15061307]

Figure 11-Primary division of Chernyshov Bay into two basins in July 2020[image: MODIS_22Jul2020][image: MSI_18-25Jul2020]
Figure 12-Temporary restoration of water exchange between parts of Chernyshov Bay after the passage of the rain front in July 2020
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Figure 13-Western separated part of Chernyshov Bay in August 2020
[image: 200801af]
Figure 14-Overview image of the Aral sea region from the Terra satellite for August 2020
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Figure 15  - Sea current and bright hyperhaline blooming of the Western basin of the Aral sea, captured by the European Sentinel satellite



APPENDIX  E
Results of chemical analysis of water in the coastal zone of the Aral sea
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Tpuaowerme 1.6
W Jorosopy No_ot 2018 .
‘a rpaiToBoe GuRACHpOBEHE

TEXHHYECKAS CHEIH®OHKALAS 1
KAJEHJAPHBIA ILIAH PABOT

Tlo orosopy Ne 242 o {5 sgpue 2018 rom

1. YIPEXTERHE MERAYHAPOTHBIA KASAXCKO-TYPEIKHH YHHBEPCHTET
HMEHH XOIKH AXMETA ACABH»

1.1 Tlo mpOpiTeTy: PLORATSHOE HCNOTS30BAHHE MPHPOTHAIX PECYPCoB, B ToM SHCAC
BOMIX. pecypeos, reonoris, NepepaoTKs, HOBSC NMATCPHATH H TEXHOIOMAN, Gelomaciie
WATETHA H KORCTPYRILH

12 Tlo noanpwopurery: Vipapiciie BOTHMY, MOTBENTSME H OHOTOTSECKING
pecypean.

1.3 Tlo Teme npoecra: Ne APOS134202 «CoCTORHMNE KOCHETEN GecCTONIIA 03P SpHAHOTD
KTHMTY M BOIMOAHOCTH 10X XOIAHCTACHIOTO HCIOTL3OBIAE Ha TIDUMEPE OCTATOSIEX BOLOCNOB
Aparcoro Mop.

1.4 O6mas cywaa mpockTa 18 120 000 (BOCCMHAATS MIIHOHOB CTO ABAIATS THCA)
TelTe, B TOM HHCTE © PIIGHBKOH O TOTEM, 1A BHTIOTHEITS PAGOT COTTACHO MYWKTY 3:

-2 2018 ron - 3 cysewe 6 000 000 (1ecTs MiAHOHO) Terre;

- Ha 2019 101 - B cysewe 6 054 000 (LICCTS MILIHOHOB IATHACCAT HETHpE THCHYH) TEHTE;

- Ha 2020 101 - B cyaewe 6 066 000 (LIECTS MILITHOHOB WECTSAECAT WECTS THEA) Teire,

2. Xapaxmepiucmiuxa Hay\o-mexHuNECK Dl TPOYNHI 10 KSGTUGUKGHUONHIN
MpUIHAKaN U INONONUNECKILE nOKESQmETU

2.1 Hampanncitne paGoTs: 1pOSIcNb SKOTONHI H PALUOHLTHHONO TPHpOROTIOTSSORAHH.

2.2 O6nacrs e TeOTpadHS, GHOTOTHE H HKOTOTHS

2.3 Konemmat pesymsrar:

- 5 2018 rox; OUCHKI WIMCHHBOCTH TPEXMCPHONi CTPYKTYPH TIPOQUSHICCKIX 1
FIpOXIMICCKIX TONEH B BOXOGNAX Apana, THAPOITAMIECKo WAPKYIAII, & TAKKE X
JoNemBOCTY 1 cHoMTeCKX MacurTabax; HCCnCoBINE MPONCCCOR BRMNOACHCTIAS B0A
Maroro  Borsmoro Apara, a Taxke samamioro  socTomoro Gacceinon Bomsmoro Apara
COMAMNX ¢ JTHM MCKGACCAHOBMX TIOTOKOB NACCH, TCA M COTH, KX BUANHHY Ha
OpMHpOBGHHE TCPMOXATHHHO CTPYKTYDHI BOIoCMa W HODMSI CTApEHS, @ Take
IHHQMHSECKIX MEXGIIMOD, BSTHYKIWIOTINX STOT OGNEH H€pes coeTMHAIOH Gacceili Tpoms;
Paspaborka m TecTuponamie moxenci; C6op i 0GpaGOTKA CTYTCTBYIONDIX JAMBIX CREMCCATILX.
CmyTmKORGY NAGTOXCHM M0 APATCKOMY MOPIo BHIH MOFOH HOPAXPA CHOFO ZHANEIONOD
(pamioneTpi AVHRR, NOAA 1 MODIS (Aqua/Terrs) o CTamuiin mpHewa cnyruxosoi
nopuaun Mopexoro ruxpoguacckoro mucruryra PAH. Tlyommawns 2 crarcit o
PCUCHIHPYCMBIX OTCCCTBCHHSIX HaY HBIX H3IAHHAX G HEHYICOHM HMTGKT-GakTOpON;

-5 2019 ron OucHKR AuHsHE MEAGACCENOBOTO oOMEND Wa (OpMMApORIHE
TEpMOXATHRHIO CTPYKTYPH! BOTOEMA 1 HOpMS HCTPEITL, 3 TAIKE AUAMITIESKH MCXAITMOD,
BemyKI@IOmUX STOT oBNen wcpes coemmmOUIH Gacceiiny mponny; CpammTENSIE OUCHKE
CTABATLROCTH HOBOOGPAI0BAOBIIIEIX KOCHCTGM X SBHCHNOCTH OT MOPPOMCTPHIGCKK,
UIDOTOTICCKHX,  KTHMATHSCCKHX  CBOWCTD BOIOGNA © NETHO BHABICHWX  OGUUX
SAKOHONEPHOCTEH 1A ZpYTHX 03€p APHIHOH 30t Kasaxcrana; TIpEBapHTEIBITIE MOTETHHSE
KCTIEPUMENTH, OUEHKS SYBCTBHTETSHOCTH PESYILTATOD K BAPHALINAM SXONGX MPAMCTPO;
Ouenka cesomtioil HOMEHSHBOCTH B HamOMIET ApATSCRIX Gacceiiion. OTCICKHBIE CI0B0T
pexING, MPOIYKTHBHOCTH (HTONIANKIONG Ha OCHODC TIOBEPXHOCTHON (YOpECCHIUL;
nyGmikaa | MOHOTPADIH B KAXCTANCKON WIWTETECTRE, MyORAKAWS 2 crarch

g & s
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PUCHIHPYEMLX SapYGEANAX WYL HIAHHAX G HCHY7CBHM HMTAKT-GAKTOpON;

-3 2020 ror BMMEHWC  MCXAWMNOD NPHCHOcOGICHMX GmoTOTCCKIX K
CTPMATIHINM YCAONAM OOWTAHR B PETTTHIX OCTaTOWMX Bozocwax (Bomsuofl, Mamit
Apa, TymeSac, socrownial ncpecaxaionni Apa); Hecieaoparie 2mnayinwn Gopamoobpais
B YCIONAX GHCTPO MENAIOIUIKCH (PIOMIKO-XUMRICCKIR M TUAPOIONWICEXINX YEtouil; OUCHKS
BIANIA HCKYCCTICHHOO PeryIWpoBamx mozooGwcna B Muiow Apate Wa. Bepikarsoc
Hcpencunmate, GHOTCHNMI  PEXHM, TPOGHYCCKOS | COCTONNNE BOJOGME ¢ _oicrmo
noTemuATINX SYeKTOD WA ceromsil e MAIORo MOPS H €10 MPOAYKTHBHOCTL N3
MEATOT0X MacuITauX; TI0AYACHHE MOACTHSIX AHATHOCTHECKINX H MPOTHOCTHNCCKIO OUEHOK
BOMOXHLIX HIMIICHH YPOBHA H COCTOSHIX MOPS Ha CREAYIOIAC 20-30 ET B SABMCHMOCTH OT
BOIOCTH peK; OILEHKA MEATOOROH HIMERSHBOCTH IO Gaccenow; myGnnKaes 2 crareii »
PCUCHIPYEMIIX. OTEHECTCHIBX. HAYWHMX WITWHHRX, 2  CraTcil b COOPHWKAX MTCpHANOR
KOMGepeNIL i 2 CTaTel B PeUENHPYENSN upYGCKILIY HAYHX HYIAHIA, HIIEKCHPYMLX b
Gasax gmwwirx Web of Science wit Scopus ¢ HeHyIeBbi MMIAKT-bakropom. (Journal of Marine
Systems, Aquatic Geochemistry Geophysical Research Lefters).

2.4 TlarewrocriocoGocrs: nemaTesocmocoben.

25 Haymo-roxmccini yposems  (nownwa):  BuAMIcHME  3aKOROMEPHOCTEH 1t
MEXGHISNOB OTKINKG, CHCTEN OCTATOTHBX 03P APATLCKOTO NOPA, TIORACPIHyBICHCS naGonee
CHILHOMY AHTPOTIOTEHHOMY CTPECCY. WA ITPONOTCHNE W _KTHATINCCKAE sotcicTans.
JlocTuriyTIe PESYTSTATH JOMAHM NOCIYAGTS OCHOROH U8 GYWIMCHTATNOFO TORMMEINA
NN GSCCTONNAX 036P, B HIMERBOUIENCA KIHNATE, & TUOKE OUEHKI JX NOTCHINATA 0
THOUCHIN Kk PAMTHYHAM BILIAM XO3TFCTBCHHOTO HEIOTLIORIH.

2.6 Hcmos3owanie Haysmo-Texsscoxof MpoAYKIHN ocywecTascTes: Hemomurresen.

2.7 Btz HCHIOML3083A PESYISTATa Hayofl M (W) NaYONO-TEXNRNCCKO ACATEALHOCTH:
1) Omicamie cOMpEMGHHOTO cocTommix  CeloWNON M MCATOMOBOl MMcH©SHBOGTH
‘UIPOBISITCCKIOX 1 TIPOXHMISECKHX TOTEH OTACTX OCTATONHMX Gaccefinon Apamckoro
NOp®; 2) CpAmNTETLMIil GHATHS TWIDOTOTWICCKNX YCIOBMH N SKOCHCTEM OTICTSHX
QCTATONIHAX HO0CMOB APAILGKOTO MOPE  JATZHOTO GAceefna EOTbiioro Apara, Bocrowtiord
Gaccciina BOTbOro Apu1a, 3B HepHIIIEDa A0 1 MI0GAE €10 BOMOKHOTO OTACTCHAS, 036pa
TueGac, Maroro Mops; 3)  PaspaGoTa  0GOCHOBSHHIX (POTHIO30B  JBOTIOLHH  COCTORHA
KEAIOTO W5 OCTATONHMX BOA0ENOB 1a crezyioutne 20-30 A€r.

3. Haunenosanue patom, cpou ux peanuauuu u perynomams:

gy | Fawononsine | _Cpos mumommems [
basasns,  pator mo | mavao. | oxowsame
orana | Jorosopy n
ochomae
T Baox Tom | Aeryer | By navar merypiie mecacasasine
iy | 20187 | 20i8r. |Byer mposeaens  oueira _sowewmocrn
necaczonany TpexwepIoH _crpyFTYpH  nupogusecon: X
PuapoacoKHX nOIEA 8 sozocux Apat,
FUpODMNINCCRDH WKy, 3 Tk WX
[ A —
Gua 1)
T Giox ey | Camatps | Mo | byayr navart s .
e 20185, | Luostps | Byayr necretonanst mpoucceu mamozcicrons
2087, |wox Matoro n Bomioro Apama, 3 Tucac
sanaMOrD 0 mosromoro Gaceon omtioro
Apura W comummux ¢ omise weaGaccelionix
Gopuporme  Tepuoxaamol  crpyypu
Botocwa W wopus  Henapers, 4 Taos
Do exsmiOs, sy TOT
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Pesyuprarst

XHMIYECKOro AHAIH3A BOALI NPHOPE/KHOI 30HbI APRIBCKOTO MO

AO «Hucruryy reorpadgun n Boanol 6¢305aCH0CTHY
JlaGoparopus FRAPOXHMHE 11 YKONOIIYECKOTl TOKCHKOIOIHH
Cpngerensetso NeO /18 o1 15.01.18
00 OLEHKE COCTOSHAN HiIMEPeHUH B saDOPaTOpHY OCYLLECTBISIOWEH HPOBeACHHE

XHMHAKOTOKCHKOMOTHYECKHX HCCHLMoBaHnH

JaAGHMENH: «Mernynapoanit Kasaxcko-Typeukuait Y nupepenter
M, XA, Sleasuy

OmeemcmeeHHbLil HCROAHUMENb! Maunbexos A.C.

Hama nocmynnenus npod na 07.10.2020

AHAAUR:

- T T

Hama gpioauu pesyiasmamos: X7.10.2020

Jocrasnenusic npoGei BoAbl ObUIM  aHAIM3KMpOBaHbl B JabopaTopui | 'MAPOXHMUH H
IKoN0THUECKON Tokcrnkonoruy Mucruryra reorpaduy, Hpy anaznnse npod pojbl HE HOHHO-COACBOH
cocras ObLiM [PAMEHEHD! CHCAYIOUHE METOABL apreirromMeTpuyueckoe onpegeneune no Mopy
(RJIOPHABL), THTPHMETPHYCCKOC {(CynshaT-HOHBl 1 ruapokapOOHATBL) H KOMIIEKCOHOMETPHYLCKOR
ONpeseneHie (MOHB KAAbLWS, MArHUA, HATPHS W Kanus) B [OPHCYTCTBHH  OUPEAENCHHBIX
uHuKaropos | 1,2].

ITo pesynpraraM XHMHYECKOro aHauM3a obIas MECTKOCTh 0TOOpaHHBEIX 00pa3sios BOALI B
npegenax or 98,0 no 1480 Mr-OKB/ M, KOTOpBie OTHOCSTCH 1o Knaccupukauun O.A. Alexuna
(>9.0 m-xr—&waf;.m}) K oueHb wkeeTKuM (rabinua). B cyMMapHOM COACPIKAHAN COJIEH KalbLUHS 1
Marausg (oduas KeCTKOCTh BOABL) Npeolaaiaiid CONM Mardus.

HpoGer Boasl, orobpanupie Ha toukax Ne 5 (Manoe Apampckoe mope) w15 (bonbuwoe
ApaltbCcKOE MOpe 3aIaJHAs 4acTh, TOYKA b), OTHOCAICH K KATeropuH COJOHOBATHIX BOJ ¢
muHepamusapeit 15,6 w 13,3 %o coorpercrenno. [lo HOHHO-CONCBOMY COCTaBY OTHOCATCH K
ememwanupiv: Ne 5 - cyandarao-xaopuaHbit grace u No 15 ~ cynabdarHeil Kiace HaTpHeRol
rpynnet Hetunia, B Mopekax BOaX COOTHOWEHHE HONOB ObIBAIOT MIMEHYHBLL, OAHON M3 TIPHIHH
MOLYT ObITh MOCHENOBATEIBLHOE JOCTHIKEHHE NPEAeIa PaCcTBOPHMOCTH CiabopacTBOPUMBIN Coici
1O MEPE NOBLILICHHSA MEHCPAIH3ALUN BOAbL.

[Tpober Boxs, orobpanmbie Ha Toukax Ne 2 (3anus Yepueiuos, Touka B), Ne 12 (BAM 12,
sanus Yepusiwos, rouka ). Ne 13 (BAM-130, No 15 (Apanbckoe Manoe mope), Ne 26 (boabuwoe

Apanberoe Mope, Touka [1) u Ne 31 (sanus Tympibac, Touka E) xapakrepu30oBanHch Kak paccoisl,
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CONEHOCTB BOABL BapbupoBaia or 62,4 1o 225 %o ¥ OTHOCKHICH K XJOPHAHO-HATPUEBOH 1pyrne li-
Ting. TIpH BU3YAIBHOM OCMOTPE HA JHE 1OCYABl 00PA30BBIBAINCE KPHCTALBL conn (1poder No 2
saans TyweiBac 1 Ne 12 3wius HepHblILOB), 4TO CBHACTEILCTBYE! O BLICOKOH COMCHOCTH ITHX
1pob Boiet 10 220 1 225 %e.

Kax ormeuaer aprop pabotsi [3], B BeceHHe-IeTHHE NEPHOAB! YUNTRIBAS HanOonpni cOpoc
BOibl B BONBLIOH Apal MOXKHO HPEANOIOKHTS O HEKOTOPOM OIPECHEHHM BOIL 3a1MBOB | yuubidac u
Hepubunosa, Bo BTOPOM LOMYrO[MM, KOMZd COPOC BOALI COKPULLASTCS, B CBA3M ¢ HHBKHM
APHTOKOM BOJBL pekn Chipuaps ¢ NOCHEAYIOLHMM 3aKpbITHEM Wani0pos KoKapaibCROMH (10T
H 0 ROHUD rogy, 00bLEM BOALL B BWIHBAX HAXOTCH B MEPTBOM PRAHME HACTHUHO HPeBLILEA
COJICHOCTD BOBI,

Takoe WimeHeHne B HONHO-COJCBOM cocTaBe B HpolaX BOAbL OTOOPAHHEBIX HA ADAIBCKOM
Mope 00bACHAET UX Ce30HHLIN XapaKiep, Tak Kak npodsl Otk 0TOOpaHsl B KOHLE CenTsOpst, 1.e. B
ocennuit nepuon. LlpoBet Bomwl, oTobpatnbie B ocenuil mepros 2019 ., TAKKE UMEIN CE30HHLIA

XApaKTep ¢ BLICOKHM COUCPIKAHEM HOLOB HAaTPHA W Ka/ a1 H XJI0pHd HOHOB,

Tab.imua — MOHHO-CONeROH COCTaB BOABL

Kaace

Cymma | - coCTaBa
ConenocTe, £

HOHOB, o BOAR 10

HCOY M7 M * = O.A.

Mr/am’

Mecro
orbopa Ca¥ | Mg | Na+K' cr S0.%

Ne 2 Banus
Hepbiwios 3210 171942 1 601
{Touka B)

2
o

: 13730 | 2254385 2254 'Yy

I
|
J; AseKitny
1053162 | 409216 |

Ne 5
Apaaseroe $81.8 1021,4 3062.5 41134 62439 | 2746 15597.6 15,6 SCI™y
Muioe mope

Ne 12 BAM
- 7204 | 175590 | 57850,0 | 1081530 | 345816 | 14645 | 2203296 & 2203 e,
HepHbon s e L H SRR et S 220329, 220,3 Bl

Touka [

o SAM- AR
J]“Tg FhT. 8818 136922 451625 840402 281456 1250,9 | 173173,1 17133 el

No 15
bonwioe

- Apanbekoe
Mope
3AragHas
HacTh Touka b
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cuctenie Boaswioro 11 Masoro Apati BLITIOTHCHHBIN B PNIKIN AIPOCKTA APOS 134202, TIpHBCICHBE PEIY ABTATE
MIQHITOPAHE IFVICHCRIT COCTOMMIISE (ITIRICCRIIN, NINHICCKIN 11 GHOIOLIMCCKIN CHETCM OCTITOMHBIN BOAHBIN WACE
Apd.‘hCl\OFO NOps B liC‘)l!O,l COIS])C\I\;HH(WO HKOJOTHUCCROTO |<|)¢lilICI\ 0 TORAS NCCIC HOBIHI AMCNIHITMOB 1N
AT K ) CHOBHMA HCAO OMHOCTIE HPCCHOBOAHOTO CTOR TP PCrtona TLHOTO KRNI Ha ocuHose
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BOIOCMOB ADLILCROT MO M bl Gaceeiiin boasnora viops. Maio¢ vope. aiepo 1y w0, Tlokano. wro
QHIL NAPAKTCPI T COBCPUICHHO il st (EO-NINIECCRIT 0COOCHROCTANIE CERL 1 Guore. Py
ANICICHHOTO \IOICATPOBAHIE ICNOHCTPHPY 0T INCHEHIC SHAKD NOBEPNHOCTHON LWIPKS I Y NPOTIBONO.IOAHbI
HPI HHBEPTHPARIHII PCabedil U OTHOCHTEIBHO 1PO10.IBHOI 0CH dacceiini. Y CTIHOR ICHO TOKIKC, HTO KPA FOBOPOT
B HPILIOHHON CI0C BE.HHOMACT B CCOM MCHBUIIC LK IQHIFICCRIS KDY FOBOPOTHI €} SOICCCIiHOBOTD MACHITHION.

K HOMERBIC €103 APRIBCKOS MOPS, FTOKIIH, MIHCPATIFIMLLL. AIKPO J000CHTOC. MITHOR I,

AbTATH

Beeaetiie. Coroisn ApatsCkoe MOPE PaiAC.1eHo Ha HECKOABKO uacTeii 11 05pA0BAT0 CUCTEMY
OTACTbHBIN BOAOCMOB ¢ OOWLN NPONCNOAICHIM. HO B SHAUITCABHON CTUMCHIT PASTIUHBINI VTN
PAIBITIA. B NOIC KOTOPBIN B KAKAOM I3 BOAOLNOB COPAIPOBAICH 1HANBILIYAIbHbITT (resimeeriii.
unuecknli 1 GHOTORHCCKIE Py, [0BOPH O COBPCMEHHOM COCTORHII 1t 1133 YCHHOCTH BONPOCA.
VT OTMCTHTE, 470 Aankas HHP BxoT B nporpaniy MHOTOACTHERO MOHIITOPHHEA COCTORHI APatb-
CKOTO MOpS.  HAMATYIO  FIHCTHTYTOM  OKCOHOIOMIN PAH 1 MeKI HAPOIHBIN  KIANCKO-TYPUUKI
vHIBepCHTETOM 1 Sleari el B 2002 1. BoALIHCTRO BBINOTHCHIIN ¢ 20002 r. KRS TN KACATICH B
OCHOBHOM anaaHoro daccciina boawworo Apaia 1t HC ONBATHIBATH Maioe Apaaberoe MOpe i O3epo
TywmGac, QIHAKO B CBASH € POIOTATIOULINICA T SMCHCHIBI I APAIBCKOIL IKOCHCTON bl 1T N TIPOUIBUITINCA
OTACICHIIC BOAOCA OB APNT OT APYFA reorpadiust HawiN liceacaoBanI Gpiia pacwinpena (¢ 20151
BRUOUNAD B CeO TPIE OCHOBHBIN BOJOCIA. HANOLMMINGE B FPAHILAN OBIBUICTO APAILCKOTO NOPA
COOTRETCTBY IOWAs OPFIHITEILI HASI0ACHITT B PASTIHBIN GACTAN APLILEKOTE \OPA B PINKIN O2HOTO
CEI0HA NOIBOMCT HANGOALC TOUHO NPOBUCTIT KAUCCTBERHOC [ EOMIICCTBEHNOU CPABHEHIC MUY HINT

Moctanosia npodaembl, HEOGNOINOCTs npoeeIeHive HIP casana ¢ Tes, 410 uisitecsuil, s
weCki 1t BHOIOFHMCCKIT PUrkinbl APAIBCKATO MO, HTOrO BCC CHIC KP) (OO BHA TPCHHCTO BOIOCMA
MOPEKORO TINA. FOTCPHBLICTO B HOCICANIE NOBCKA 0010 90% 0BBEMA B PUiy IbTATS COBOKY NHOTQ
ACTICTBIY AHTPONOTCHHOI HAFPYJKIL 11 FIOCAIBHBIN KIMATIMCCKIIN IEMCHCHTT, HAXOAATCH B NPOLIECCe
HCBILIAHHO BICTPOTT (MO OOBIMHBIN FCOTOTHHCCKI MEPKAM) 1 PALNKANBHOIT MEPLCTPOIiKIL MPOICNO.L-
Ll H HALIS FAQ3AN. DT IPOLILCCHI 113 HCHBI QTHOTIITC1HO c1aBo. Hay npeacrasmieres. 4To Gblio Ot
HETPOCTHTCILHBIA OCTABITE HTIH IIBMCHCHI 60 JOTKHORO HANHHOTO ¢CONPOBURACHIS . AORY MCHTIRO-
BAHIISL 11 1ICCACIOBAHI.

[1pOCKT HAMPABICH HA KOMMICKCHRIC 116CICAOBAHIN CORPENCHHOTO COCTOAHIIA (USHACERIN, NI
HOCKIIX 11 BHOAOMIMECKIX CHETCM COBPEMCHHOTO APaIbCKOTO \IOpPH. Mpeanaraeaibic HECT 0BT Gy AT
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FORECASTING OF THE STATE OF THE SMALL ARAL SEA
BASED ON OPEN DATA SOURCES

Abstract. The study of the dynamics of the level and volume of water in the Aral Sea is an urgent scientific task
due to the need to understand the mechanisms of natural and anthropogenic processes that have induced a radical
change in its water and salt balance over the past 60 years. In particular, the study of the dynamics of water balance
components in the basin of the Small Aral Sea is the most important task when planning scenarios for water use in
the region. In the proposed work, based on the methods of machine learning (for the implementation of
computational functions in the program), two statistical models were developed: a forecast model for the monthly
values of river flow in the Syrdarya river and the forecast of variability of the water volume of the Small Aral Sea.
Based on the simulation results, forecasts were made for the values of the Syrdarya drainage and the water volume of
the Small Aral Sea. In conditions of low availability of field observations data, the operational estimates of the water
balance component are the most important source of information on the changes occurring in the basin under
investigation. The proposed technique can also be used to obtain initial conditions in experiments on hydrodynamic
modeling, as well as to calculate climatic scenarios for the development of the hydrological system of the Aral Sea.

Keywords: Small Aral Sea, sea level, machine learning, river discharge, basins, Syrdarya, hydrodynamic
modeling.

Introduction. The research of the dynamics of the level and volume of the Aral Sea is an urgent
scientific task due to the need to understand the mechanisms of natural and anthropogenic processes that
have induced a radical change in its water and salt balance over the past 50 years.

Since the late 60's. the volume of the sea decreased by 90%, the salinity of its water increased by an
order of magnitude [1]. The research of the processes of the hydrological cycle of the Aral Sea is
hampered by the almost complete absence of data from modern measurements of the water balance
composing it. Since the 60s the Aral Sea is undergoing irreversible changes in the water and salt regimes,
cardinal changes have affected not only the ecosystem of the sea itself, but also affected its entire basin.
Over the past 15 years, the tendency of the Aral Sea to separate water bodies has deepened: the deep-water
western and shallow eastern basins of the Greater Aral, the Small Aral Sea, and the Tushi Baza (figure 1).
Thus, the eastern basin of the Greater Aral Sea in recent years has virtually ceased to be a permanent
reservoir, becoming an ephemeral lake, whose existence is determined by the magnitude of the seasonal
full-water flow of the Amu Darya river.. The northern basin of the Aral Sea (or the Small Aral Sea) has in
recent years almost lost contact with other basins - both due to natural causes of drying up of the western
and eastern basins, and due to the construction of a dam designed to minimize water exchange between the
basins [2].
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BH"OHHCHHHE B TeUYeHUe 4-X JieT HaTYpPHbBIC U3MEPEHUSA TTO3BOTUIIN YCTaHOBUTB PaHee HE U3BECTHBIE OCO-
GEeHHOCTH TEPMOXaTMHHBIX MOJIeH 1 LMPKysiLK 03epa Mcebk-Kyib. TToctpoeHnbl Hanbomee 10/1poGHbIC
3a BCIO MCTOPHIO HAOMIOEHMIT KapThl pacripeaecHnii coneHoctn. OGHapykeHa 061acTh c1aboNOBbILICH-
HO# COJICHOCTH B LICHTPAJIbHOI YacTH o3epa, cneurduyeckas “anunonbHas” (opma KoTopoii ykasbiBaeT
Ha CYLECTBOBAHHC B CTPYKTYPE LMPKYJIALMN HE TOJILKO OGLLET0 LMKIOHUUYECKOTO KPYTOBOPOTA, HO W IBYX
OTAEJBHBIX KPYrOBOPOTOB MEHbILET0, cybbacceiiHoBoro maciurada. Boobiie roBops, nojisi coneHocT! B
MCCHK-K)’HE OTJINYAIOTCS HEOOBLIKHOBEHHOM KOHCEPBATUBHOCTBIO — €C MEXKIO/IOBbIE U CE30HHbBIC U3ME-
HEHWS U3MEPSIOTCS JINILL COTBIMU QOJISIMU npoMuuIIe. BaxHbim PE3YJNILTATOM MPEACTABISCTCH oﬁHapy»(c—
HHE COXPAHIOIIErocs OT rofa K rofly MoAnoBEPXHOCTHOTO MAKCUMYMa CONCHOCTH Ha IyGuHax ot 70 10
130 M. Kax 6bU10 MokasaHo B Haweil pa6ote [27] Ha OCHOBE KOCBEHHBIX OLEHOK, A Ternepb MOATBEPXACHO
1 aHAIN30M MPAMBIX U3MEPEHNI CKOPOCTH TEYEHMH, OCEHHe-3MMHee A depeHIMATEHOE OXTAKICHNE
TIPUBOZMT K TOMY, 4TO 10 APEBHMM DEYHBIM PYCJIaM B BOCTOMHOM JINTOPAILHOM paiioHe B MPHIOHHLIC
CJIOM LEHTPAIBHOM YaCTH MOPSI TOCTYNAET 3HATHTETbHEIN 0GBEM XOJIOXHBIX TPHOPEXHEIX BOI, ONPECHEH-
HBIX MAaTEPUKOBBIM CTOKOM. Otn BOJIbI 3aTE€M JOJIKHBI NTEPEMELINBATLCA C JIeXalUMMHU BhILIe GoJiee cone-
HBIMH BOAAMH, 4TO, MO Halueit TUTIOTE3€, B CUTYallMU, Koraa BCpXHMﬁ cJioit 03Cpa TakXe ONPECHEeH pey-
HBIM CTOKOM, ¥ TIPUBOJMT K TOSIBJICHUIO MaAKCUMYMa COJIEHOCTH Ha TIPOMEXYTOUHBIX rny6vmax. Beinon-
HEHHBIC U3MEPEHUSI He TOATBEPXOAOT ﬂpOﬂB!lCHWﬁ TI06aIBHOTO TIOTCTUICHUSA B BMJIC MEXICKaAHOro
POCTa TeMmneparypbl B rTy6oKux cnosx osepa Mcerik-Kyitb, 0 KoTopom coobmanocs paHee: COBPEMEHHOE
3HaueHue TeMIepatypel Ha NyGute 500 M B TO4HOCTH COBMAACT ¢ OTMEUEHHBIM B M3MepeHnsix 2003 T., a
nMeHHO 4.44°C. OfIHaKO MOXHO yKa3aTb Ha oueHb ciaboe (okono 0.03 r kr~') yBenuuenue conenocty
TIPHIOHHOTO CJIOA 3a nocentue 40 Jet.

Kumouepbre cniopa: 03epo Mcebik-Kyiib, TepMOXaTuHHAS CTPYKTYPA, LIMPKYJISLHAS, OCEHHE-3UMHEE BBIXO-
JlaXHUBaHUe

DOI: 10.31857/S0030157420020136

1. BBEJEHUE OKPYXAIOLUNX TEPPUTOPUI: 3UMHUE TeMmIepaTypbl
3aech Ha 3—5°C BhlllE, YEM HA OCTAJIBLHOI TEPPUTO-

IMo cBoum pasmepam u 1yGuHe, CTeNeHH BaUsi- pun Pecny6mkn Keiproizcran, a ieTHue — npumep-

HUs Ha PErMOHANIBHBIN KJIMMAT, 3KOHOMHYECKOMY
3HaueHnio 03epo Mcerik-Kyip Brionse Moxer cpas-
HUTECSI ¢ MOpeM. O3epo MpPOTSIHYJIOCH C 3amana Ha
BOCTOK 1104TH Ha 200 KM, a 06bEM €ro BOJI COCTABIIS -
et 6onee 1700 kM, uTo B 6 pa3 Gonbiue 0GbeMa BOL
A30BCKOTO MODS1 UJIK HEMHOTUM MEHEE ITOJIOBUHbI
obbema Besoro Mopsi. O3epo OKa3bIBAET CYIIECTBEH-
HOE BO3ACHCTBUE Ha KITMMaTU4IeCKMe XapaKTepUCTUKH

341

HO Ha CTOJIBKO Xe Huxe, CMAryaloee Kiumar Biv-
SAIHUE BOJAOEMa TPOSIBSAETCS M Ha MEXIOAOBBIX U
MEXIEKafHbIX MaciTabax — Tak, yBeMUEHNE CPEl-
HEW TeMnepaTypbl BO3/yxa B XO/€ I0GaIbHOrO M0-
TerieHus B Mcenik-Kynbekoit o6nactu mourn sasoe
MeHbLue, Yem 1o Keipruiscrany B uesom [ 13].
Uccbik-Kyib MrpaeT BaxHYIO posth B 9KOHOMUKE
KprFbl3CTaHa. HECMOTDH Ha OTHOCHUTEJIbHO HU3-
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Field measurements carried out over 4 years made it possible to establish previously unknown features of ther-
mohaline fields and circulation of Lake Issyk-Kul. The most detailed salinity distribution maps for the entire
history of observations were constructed. An area of slightly increased salinity was found in the central part
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Abstract: During the last few decades, the rapid separation of the Small Aral Sea from the isolated
basin has changed its hydrological and ecological conditions tremendously. In the present study, we
developed and validated the hybrid model for the Syr Darya River basin based on a combination of
state-of-the-art hydrological and machine learning models. Climate change impact on freshwater
inflow into the Small Aral Sea for the projection period 2007-2099 has been quantified based on the
developed hybrid model and bias corrected and downscaled meteorological projections simulated
by four General Circulation Models (GCM) for each of three Representative Concentration Pathway
scenarios (RCP). The developed hybrid model reliably simulates freshwater inflow for the historical
period with a Nash-Sutcliffe efficiency of 0.72 and a Kling-Gupta efficiency of 0.77. Results of
the climate change impact assessment showed that the freshwater inflow projections produced by
different GCMs are misleading by providing contradictory results for the projection period. However,
we identified that the relative runoff changes are expected to be more pronounced in the case of more
aggressive RCP scenarios. The simulated projections of freshwater inflow provide a basis for further
assessment of climate change impacts on hydrological and ecological conditions of the Small Aral
Sea in the 21st Century.

Keywords: Small Aral Sea; hydrology; climate change; modeling; machine learning

1. Introduction

During the last few decades, the Aral Sea basin has attracted the particular attention of the
scientific community as a clear example of human induced ecological disasters [1,2]. Not only the rapid
drying of the Aral Sea, but also considerable changes of the physical and biological characteristics of
its residual basins [3,4] have converted the Aral Sea basin into a natural laboratory where irreversible
ecosystem and water balance shifts have been detected [5,6]. Therefore, keeping the hand of the
scientific community on the pulse of current and projected changes in the Aral Sea basin remains
crucial to mitigating possible environmental risks in this region [7].

The separation of the northern part of the former Aral Sea from the isolated basin, the Small Aral
Sea, was triggered by drying processes in the late 1980s and has been intensified by Kokaral Dike’s
construction in 2005. Kokaral Dike aims to limit water exchange between the Small Aral Sea and other
tesidual basins. Therefore, its main purpose is to accumulate runoff from the Syr Darya River, which
is the primary source of the freshwater inflow into the sea. As a result, during the period from 2005
to 2017, the volume of the Small Aral Sea has raised to 27.5 km?, and the salinity has decreased to
8-11 g/kg on average [8]. This confirms the partial success of the Small Aral Sea restoration project;
but also deteriorates the situation of other residual basins, which lost the natural connection with the
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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

Kasakcmak Pecny6nukacs! ¥nmmeiK fbinbim akademusicel "KP ¥FA Xabapnapbl. [eonozus xeHe
MeXHUKanbIK fblbiIMOap cepusichl” fbibiMU XKypHanbiHelH Web of Science-miH xaHanawfaH Hyckacbl
Emerging Sources Citation Index-me uHdekcmenyze kabblndaHraHbiH xabapnaliosl. byn uHdekcmeny
6apeicbiHda Clarivate Analytics komnaHusickl xypHanobl odaH api the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday maceneciH
Kapacmbipyda. Webof Science 3epmmeywinep, asmopnap, 6acnawsinap MeH MekeMenepze KOHmMeHm
mepeHdiei MeH canackiH yceiHadbl. KP ¥FA Xabapnapbl. [eonozusi xeHe MexXHUKarnblK fbinbiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmsiK ywiH eH e3ekmi xoHe 6edendi
201102Us XoHe mexHuUKarbIK fbibiMOap 6olbiHwa KOHMeHmKe adanobifbiMbi3dbl 6indipedi.

HAH PK coobwaem, ymo HayyqHbill xypHan «/3eecmus HAH PK. Cepus 2eonoeauu u mexHu4eckux
HayKk» 6bln npuHsim 0ns uHOekcuposaHus 8 Emerging Sources Citation Index, o6HoeneHHol sepcuu Web
of Science. CodepxaHue 8 3moM UHOEKCUPOsaHUU HaxoOumcs e cmaduu pacCMOMPEeHUs Komnaxueli
Clarivate Analytics 0ns danbHeliwezo npuHsmusi XypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kauecmso U 2nybuHy KoHmeHma Ons uccredosamesiell, asmopos, usdamenel u y4ypexoeHul.
BknoyeHue Useecmus HAH PK. Cepusi eeonozuu u mexHuyeckux Hayk 8 Emerging Sources Citation
Index demoHCMpUpPyem Hallly MpueepXeHHOCMb K Haubosnee akmyanbHOMy U 8UsMensHOMY KOHmeHmy
110 280/102UU U MEXHUYECKUM Haykam Oris Haweao coobujecmea.
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SOME QUESTIONS STUDY OF DEFLATION PROCESSES
AND SAND TRANSPORT IN THE DRAINED BOTTOM
OF THE ARAL SEA

Abstract. The article discusses the results of the study of sandy deserts, which allowed us to obtain and reveal a
number of important laws and mechanisms of formation, formation, movement and development of Aeolian
landforms. The establishment of these patterns helps to solve a number of practical tasks to combat sand drifts in the
sandy desert of various objects. In connection with the prospects for the development of this territory, it is very
important to know. the direction and intensity of the development of these processes. The obtained data on the
mechanism and structure of the entire air-soil flow, starting from the moment of its formation, i.e. in the blowing
zone, and ending with the transfer and deposition of soil particles by wind in the accumulation zone, make it possible
to increase the level of scientific validity of the rational use of soil resources, as well as to take timely measures to
protect the environment.

Key words: wind erosion, sand transport, Aeolian relief, deflation, mapping, relief, sand accumulation, sand
desert, anthropogenic desertification.

Introduction. Relevance of the problem. The study of the influence of wind activity in the sandy
desert is one of the most pressing problems of our time. Currently, this process is increasing due to climate
changes and increased economic activity, which leads to rapidly changing environmental conditions in the
ecosystems of sandy deserts.

The main terrain-forming factor in the sandy desert is wind activity, which leads to blowing,
transferring and depositing sand. In practice, the transfer and deposition of sand leads to the formation of
sand drifts, and blowing — to the exposure of the bases of various engineering structures and vegetation.
Therefore, it is very important to know the direction and intensity of the development of these processes in
the sandy desert. As a result of Aeolian processes that took place in sandy deserts for a long time, the
original loose-sand layer was intertwined and dissected, and the modern Aeolian relief was formed, which
acquired a certain wind-erosion stability over a large area and is in dynamic equilibrium. This is
accompanied by a number of natural factors that cause overgrowth and compaction of the surface of
Aeolian forms. A fairly persistent desert system can be disrupted. The reason for the violation of the
natural balance may be a change in any natural factor or human economic activity. Released from the
protective soil and vegetation cover, the loose sand mass under the influence of wind begins to move, and
the process of active deflation begins. If this process occurs near economic objects, it is not difficult to
imagine the consequences that it can lead to.
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OCBl  JKYMBICTBI  OpbiHAAY Oapbichinia 0i3 TapuXW, WHXKEHEp/iK-TeONOTHANBIK, IKONOTHSAIBLIK KOHE
reorpadMANBIK  YKCACTBIKTAP OMiCTEPiH, re0GOTAHWKANBIK WHIWKAUMANAY OMICTEPiH, TOMBIPAK [MiliHAEPiH
3EPTTEYMiH CANBICTHIPMANEI-MOPONOrHAIBLIK J/iCiH %aHe T.6. maiinanaHabik. TONbIPaKTHIH MOPHONOrUACHIH,
TPaHYTOMETPHAITBIK KYPaMbIH, (U3HKA-XUMUSITBIK KOHE XMMMAIBIK KACHETTEPiH aHbIKTay TOTBIPAK FhUTbIMBIHIA
KabbliaHFan aftictepre cafikec kKypriinui. Op Typai ManimeTTep Gasackl TypiHze apTypai GarwiTrap OoiibiHia
KMHAKTAFaH aKMapaTThl Tanay YUliH CTATHCTHKATBIK OHIEY dICTePi KOMAAHBITbI.

JlebMAUMATBIK NPOLIECTEPAIH KAPKBIHABUILIFG], OHBIH CAHIBIK CHIATTaMackl el PEXUMIHIH JepeKTepiH
KaMepaIbIK OHIey, AehIAHMATEIK MpolecTep penbeTi mpodumbaepne, kenemi 1-2 ra anarapaa acnanteik oexity
JKOJMBIMEH AMKBIHIANATLIH CTALMOHAPIbIK yyackenepie Gafikaynapabl YHBIMAACTBIY, coHpaii-ak xken Kymer
aFbIHbIHAA TACHIMAIIAHATHIH KyMAbl CaHIbIK ecenke amy OofibiHla Galikaynapabl YHbIMAACTEIDY JKOJILIMEH
aNKbIHOANAIbL.
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APAJI TEHI3IHIH COJTYCTIK BOJITTH/E XKYPII3LITEH SKCHEIAUIUAIBIK
3EPTTEYJIEP

IKypbaunszos A.K., “Habnoxmun JL.E.

Koxa Axmer Slcayn aTbIHAAaFbI XanbpIKapaablK Ka3ak-TYpik
‘Yuusepcenreri, Typkeran K. Kasakeran
2 [11. Ecenos aTeinaarsl Kacnuii MeMJIeKeTTiK TEXHOJOrHANAP HKIHE
WHKHHUPHHT YHHBEPCUTETI

Kipicne. Apan TeHisi - ©36ekcTan MeH Kasakcran mekapackl Opra ASWAHBIH 6aThic
Geniringe OpHATacKaH aFbIHCHI3 TY3/BI KeI. XX FachIpABIH OpTachIHa Apai TEHi3i aylaHsl
GoMbIHIIA JKep IApbIHAAFE ipi Kenaep apachiiaa TepTiHwWi opbiHAa O0NFaH, OHBIH aynanbi66000
km2ien actam, xanmel cy kenemi 1070 KMPKoHE MaKCHManIbl TEpeHAiri 66 MeTpAi Kypaasl
[Bopmuux u Hucmsesa, 1990]. bipak 1960 xpinaan Gactan Apan TeHi3iH KOpeKTeHZipeTiH
Omymapus MeH ChIpiapus ©3eHIEpiH CyNatabipy Ka)keTTiNiKTepre KapKbIHABI MaiaananybHa
GailaHbICTh! TEHi3Aeri Cy AeHreiii anaTThl TYPAE TOMEH/EH Gacraapl. TeHi3AiH «WapTThI-TabUFI»
JKaFIaibIMEH CaTBICTBIPFaH/a, Kasipri yaKpITTa OHBIH JieHreiti 27 METP/IEH aca TOMEH, JKOHE OHBIH
canjapbiHaH TeHi3 CysIHBIH 90% CapKblIIb! [3asvsnos u op., 2012]. Jlan ockr catTe Apan TeHi3iH
JKapaTbUTBICHl OPTaK, GipaK AaMy XOJbl opKeJIKi, HOTIKECIH/IE O3iHE TOH (hU3MKANBIK, XUMHUSITBIK
SkoHe OWOJOTMSUTBIK  PEXUMIEpi KaJbIMTacKaH JKeKenercH cyaliieiHmap OKyieci perinie
KapacTeipcak Gonajibl. ATanMBbIlI SKCICANLHA 2002 Kbibl GacTanFan Apan TeHisi KyfiHiH
KOTDKBUIIBIK MOHHTOPHHTEI GaFIapiaMachiHBIH KypaMbIHa kipeai. 2002 xpuinaH Gepri xkacanfan
SKCTEANUMANAp Heri3iHeH YIKeH Apainabli Garbic Gacceitnine, Kimi Apan men Tympibac keniHe
sacanpl. Bipak Apan KoKy#HeciHiH e3repyiHe XoHe CyaiIbIHAapBIHBIH 6ip Gipinen GemiHin
TypaKTaHybIHa GaifnaHeICThI Gi3fiH 3epTTeyNepiMisiIin reorpaduach keneiiin, 2014 xbiian Gepi
GypbIHFEL Apain TEeHi3iHIH 1meKapachl wmerinae opHanackas 3 Heri3ri cyallibIHbIH KaMThbIJIbL. Apan
Tenjsinin op Typni Gemikrepinne Gip MAyCBIMABIK Tricti GakpuIayABl YHBIMIACTBIPYABIH
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APAJIbCKOI'O MOP
D.B. Canomnnxonl, 0.10. Kaﬂnmmal, A.K.KypﬁaHHSBOBZ’S, A.Aﬁnpacnnosz,
1I/IHch'y'r Oxeanostorun um. ILILInpmosa PAH, r.Mocksa, Poccus
zME)KI[yHapO}]Hblﬁ Ka3aXCcKo-Typeukuii ynusepcurer um. X.A. Sccayn, r.Typkucran,
Kaszaxcran

*Kacnmiicknii roCyapCTBEHHBI YHHBEPCHTET TEXHOIOTHI H HHKMHUPHHTA UM,

III.EcenoBa, Kazaxcran

B nepron paGoTl kKoMMIIEKCHOM HayuHOM dKemeanuun «Apasbekoe Mope — 2016 Gbi
OTOOpaH MaTepuan Ui W3yweHHs MHKpoduTOGeHTOoca (coobuiects MHKpOBOJIOpoceil 1
(uTONpOTHCTOB) B Mpeenax TPEX BOAOEMOB, OCTABIIMXCA OT BONBIIOrO Apanbekoro Mops MpH
ero ¢parmentauun. TTpo6el GBUTH B3ATE M3 MOBEPXHOCTHOTO €IS JOHHOTO TpyHTa B 3a1MBe
UepHbimosa (3amanubiii Gacceiin Bosbmoro Apamsekoro Mops), Ha conéHoM o3epe Tebac
(mpexie — 3anme TmeGac u B nprycTheBoM paifore Manoro Apanbekoro Mopst.

B Manom Apasbckom Mope matepran Gbil 0ToGpaH Ha ywacTke NpHOPEKHOH 30HBI BOMHIM
yerba pexu Coipaapbu. 3eck npobkl GbUH B3ATHI B TPEX GHOTOMAX: 1) BOXONA3HBIM METOXOM Ha
riyOuHe 2 M (C IOBEPXHOCTH IUIOTHOTO MECYAHOTO JIHA), 2) CO JHa, TIOKPBITOTO PaCTHTENBHEIMU
OCTaTKaMH B TPOCTHHKOBBIX 3apociix y Gepera — Ha riy6unax 5, 10, 15 u 20 cm, 3) ¢ Berseii
POTOIMCTHUKOB M PAECTOB, MOKPBIBAIOIMX JIHO CTUTOMIHEIMY 3apOC/IAMH Ha rTy6uHax ot 15-20 cm
(ot rpanuubl TpocTHIKOB) 1 10 0,5-0,7 M. Ha BeeX BereTaTMBHBIX OpraHax pacTeHHil GbUT oTMeueH
TyCTOH MUKPOGUTHBIN 06poCT.

Bee npoGe1 pukenposani 96%-m pacTBOPOM STHIOBOTO CMUPTa Cpasy MOCIE H3BlEYEHHS
13 BOAHBIX M OKOJIOBOJHBIX GHOTOTIOB.

B xone kamepanbHoii o6paGotkn npo6 B naGoparopun MOPAH ocHoBHOe BHHMaHWe Ha
TepBOM STare yaeNsIu TaKkcoleHaM auatoMel. ONBIT MpemecTByrOWKX HecleI0BaHUH oKa3a,
YTO B JIOHHBIX COOGIIECTBAX ApanbcKoro MOpsi HanGolee 3HaUMMBIM KOMIOHEHTOM SBIAKOTCA
AMATOMEH — KaK TIO YHCITy BHAOB, Tak W no obwnmio. Jlms oGnierdenus WACHTHGUKAUMH 3THX
MUKPOOPraHU3MOB, 4acTh KaX/0# Mpolbl (MPeBapUTENbHO FOMOTEHU3UPOBAHHOM TILATENbHBIM
TIepeMeIIMBAHNEM) MOMemany B 3%-Hblii PacTBOP MEPOKCHAA BOAOPOAA IS  «BEDKMTAHHS»
OPraHHYECKOH KOMMOHEHTEI KIETOK AWATOMEH M OMHCTKH WX ONANOBBIX MAHUMPEH, IO OpHAMEHTY
KOTOPBIX W TPOU3BOJUTCA UX TaKCOHOMHH4eCKas uaeHTudukaums [F.Sapozhnikov, E.Arashkevich,
P.Ivanishcheva: 235-282, ®.Canoxnukos: 130-182].

TpoGEI SKCTIOHMPOBATH B NEPOKCHAE Ha MPOTSKEHHU JBYX CYTOK, 3aTeM pa3baBisiin
AMCTHIUIATOM M OTMBIBANK LEHTPU(YrHPOBaHUEM B 4-5-kpaTHO# moBTOpHOCTH. Jlisi 3TOrO
FOMOTCHH3MPOBAHHbIN MaTepuaj pasiMBaid MO UEHTPUDYKHBIM NPOGHPKAM W TIOABEprani
OCKNCHAIO TpH  CKOpOCTH BpamieHus 1700 06OpOTOB/MUH., Ha TPOTHKEHUH 26 MUH.
[®.Canoxuukos: 130-182]. Hanocamounyio Bomy 3arem YHOansaM, Tocjie Yero ocajok CHOBa
PasBONMIA AMCTHILIATOM [0 TONHOTO 06BEMa UEHTPHDYKHOH MPOGHPKH 1 MPOLEAYPY MOBTOPAITH
CHOBA — B O0LIIEH CIOKHOCTH LeHTpH(yrupoBany 4-5 pas.

Ocaztok oT Mpo6EbI, OTMBITON OT PACTBOPEHHBIX OPraHMYECKHX BEWIECTB B JOCTATOUHOM st
MpOCMOTPA  CTENEHHU, 3aTeM CHOBA PasBOAMIM AMCTHILIATOM, TIATENBHO MepEMELIHBAIN 1
HAHOCHITM B3BECH MHUIETKOM Ha MOBEPXHOCTH NMOKPOBHEIX CTEKON, HArpEeBAEMBIX HA TUIHTKE MpH
temneparype 100-150°C u Bemapwsanm KuIKyo ¢pakumio. TToydeHHsIi Takum 06pazom cyxoif
OCa/IoK,  3a(UKCHPOBAHHBI  Ha  [OBEPXHOCTH  TOKPOBHBIX  CTEKON,  3aKNIOYaid B
CBETOMPENOMIISIONIYIO  cpelly «EJoBBIH Ganb3aM», W3rOTOBNEHHYIO Ha OCHOBe cMONbI Enm
eBporeiickoil (Picea dbies). B otamume or cpeapl «KaHauckuit Ganb3am», HCMONB3yeMOi
TPaaMUMONHO, cpena «EnoBbiii  Ganbzam» 1agT  GONBUIYIO KOHTPACTHOCTh CBETO-TEHH B
TIPOXOAAIIEM CBETE, YTO TMO3BOJISET MPOCMATPUBATE MAHUMPH C Jydiiiei akleHTyanmel ux 06bEma.

Onpezenenyie BUIOB M MOACHET OTHOCHTENBHOrO OGWIMA WX NaHuupeil B npenapatax
TIPOBOAMIM C TOMOWBIO MuKpockona LeicaDMLS, mnpu  ysennuenusx 400X u  1000X.
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Effect of climate warming on the mixed layer depth in lakes

Tom Shatwell' and Georgiy Kirillin®
"Helmholtz Centre for Environmental Research (UFZ), Magdeburg, Germany
2Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB), Berlin, Germany

The surface mixed layer in lakes is where phytoplankton grow and where most of the primary
production occurs. Knowledge of the thickness of the mixed layer is essential to estimate for
instance primary productivity and to interpret remote sensing measurements, because it
determines the mean light supply and indicates how homogeneous the water column is.
Modelling studies, primarily in the ocean, have concluded that the mixed layer will shoal as a result
of climate warming, but the empirical evidence does not support this. Here we seek to determine
how climate change affects the mixed layer thickness and mean underwater irradiance in lakes.
We use an ensemble modelling approach to simulate mixed layer depth in 3 warming scenarios
(RCP2.6, 6.0, 8.5) in about 50 lakes across the globe using the hydrodynamic model Flake forced by
four downscaled global climate models. Results indicate that warming has little direct effect on the
mixed layer depth. Mean underwater light in the mixed layer was nevertheless projected to
increase as a result of the global radiation increases in the global climate models.
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COBPEMEHHOE COCTOAHHE PACTHTEJIBHOIO MOKPOBA HA
OBCOXHIEM JHE 3AIMMATHOIO APAJTLCKOI'O MOPS
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Beenenne. Kaxk H3BCCTHO. BBICBIXAHHE APQTbCKOTO MOPS NOPOKIACT MPOLECT
OTYCTHIHHBAHHS, KOTOPbIl AKTHBHO Ppa3BHBAcTCS B VCMOBHAX 3CONCHHS [MOYB H
HCJAOCTATOMHOIO  YBIGAKHCHHSA  TCPPHTOPHIL,  MOABCPralONMXCH  HHTCHCHBHOMY
AHTPOTIOTCHHOMY BO3CHCTBHIO [5]. B CBOK ouepeas, ITO MPHBEIO K CTPEMHTEIBHOI
TIepecTpoiike IKoCHCTeM Tobepekitii 1 06COXIETo IHa MOpS.

B mocnejnne ACCATHICTHA, KaK BOAHAA Macca Apama, Tak H €ro oBCOXuKe [HO,
TIPUBJICKAIOT GO/IBIIOC BHHMAHHC OTCYCCTBEHHBIX H 3apyOeiHBIX Hecaenosatencii [3].
OcoBbiif HHTEpec TPEACTABNSCT OAHH W3 [IABHBIX KOMIOHGHTOB OJKOCHCTGMBI -
PacTHTE/IbHBLI NTOKPOB i €0 AHHAMHKA.

DYHAAMCHTAILHBIC [PHHUKIBL  JAMHAMHKH  PACTHTEIBHOCTH  pa3spaGaTbiBainch
OCHOBOTIONOKHIKAMI TeoBoTannycckol Haykn IH. Beiconkmm [4]. B.H. Cykaucssim [13],
JLT. Pavenckiym [12], B.A. Berkosbiv [2], EM. JTaspenko [6], A.T1. IllennkossiM [14], T.A.
PagotHosbM [11] n ap. Tlog AWHAMHKON DAacTHTENLHOCTH NOHHMANOT HOCTENCHHBIC
HaNpaB/icHHbIC H3MCHCHNSN, KOTOPBIC MOTYT ObiTh BbI3BAHbI KAK BHYTPCHHHMH. TaK H
BHCIHNHMHA AaKTOPaMH H HMETh OGPAaTHMBIIT I ReoGpaTiMbii xapaktep [11; 7].

Heaslo paGoTbl sBIAETCH H3YYEHHE XAPAKTCPHCTHK DaCTHTCIBHOTO MOKPOBA I
BBISB/ICHHC €TI0 BHAOBOID COCTABA HA OOCOXIIEM JHE APATBLCKOTO MOPS B PailoHe 3anajgHoro
YHHKQ, & TAKGKC ONIPEICICHIC ITOUAIH, 3AHATON PACTHTEIBHOCTBI).,

Marepnaast u vetoast. OCHOBY (AKTHYCCKOTO MaTepHalza COCTABASIOT JaHHbIE
TIONICBDIX - HCC/CAOBAHMIL. KOTOpbIC ObUIM MpoBeacHbl B Mac 2019 r. Ha TeppuTOpHH
oficoxIero Ha Apana B pailoHe 3aIaaHoro YHHKa [1].

DKCTICMNLHA  Obla  OCYWECTBACHA MO JABYM MApUPYTaM. XapakTepH3VIOUmccs
BHICOKHM PasHOOGpa3neM pacTHTEIbHOCTH. OCOGEHHOCTH MECTHOCTH H JI0CTATOMHO KPYTOil
HAKIOH pefibedia B CTOPOHY MOPS AAI0T BOIMOYKHOCTh HA MPOTHKCHHHA BCEro 2-3 KHIOMETPOB
Mapupyra TpOCHCANTD 38 KAPTHHOH CMEHBI PACTHTENBHOCTH MPH MEPEXOIE OT ypesa BO/b!
Kopexnoro Gepera 1960-19601 IT. K COBPEMEHHBIM TEPpacaM OCYIIKH.

Ha mapmpyrax GbimH BLITOTHEHB! ONHCAHWS PACTHTCIBHOCTH Ha 31 KOHTPOMBHOM
ydacTke pasmepom 10x10 M. KekAblii. DTH YUaCTKH OCYUMIHCh B Pa3Hble FObl H.
COOTBETCTBEHHO, XaPAKTCPH3OBAMNCH MCPHOAAMH BPEMCHH Da3sBHTHS PACTHTEIBHOCTH
pasHoii AMHTENbROCTH (Tabmiwa 1).

Omyicaie pacTHTENbHOCTH Obllla MPOBEACHA N0 KAKIOMY SIPYCY B OTAETBHOCTH, TaK
KaK Yy KaA0T0 13 HIX CBOfi nepnoa wusnH (Tabn. 2,3.4).

TeoboTanNYCCKIE OMHCANNS C/IETIAHBI BO BOEX COOBUICTBAX, [11e H3YHATH NONYIAUHONHYIO
CTPYKTYPY BHI0B, 110 0B1ienpiHaToii MeTouke «[lontesas reoGotannka» [10].

Tabmuna |
Tepito;1s1 BPEMCHH PA3BHTHS PACTHTEILHOCTI
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