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A review and a critical analysis of the methods and results of the Caspian Sea level forecasts, developed for 5 to 10 years and 20 to 100 years time horizons.

1. General methodological problems of the Caspian Sea level forecasting

The Caspian water balance data and the data concerning the change of the river water inflow into the Caspian due to anthropogenic influence enables us to conclude that the level of the Sea is very sensitive to variations of the water balance components, and to water inflow in particular; secondly, that the effect of man's activity in the Caspian Sea watershed is demonstrated by the water level fluctuations and this effect will beseen in the future as well. Moreover, if natural variations of the Sea’s water balance components produce water level fluctuations, the effect of man's activity explains the trend in the water level fall. It means, that a reliable assessment of the future water level position in the Caspian Sea requires both a forecast of the water level fluctuations under the effect of natural climate variations and the assessment of the effect of the man's activity in the region. 

It has to be taken into account that the possible changes of the Sea major water balance components (river inflow, evaporation and precipitation) can be influenced both by the climates natural variability and anthropogenic factors. Majority of climatologists believe that the relatively short-term natural changes of climate embracing durations from several years to several decades are practically unpredictable (Budyko et. al. 1988, Prospects… 1991, Climate Change 1995) and can be determined only by using probabilistic methods. Nevertheless, the attempt of deterministic forecasts of the Sea level with the lead time from several years to several decades have been undertaken repeatedly. 

All methods for a super-long-term forecasting of the water level in the Caspian Sea are based on the following principles: 

· On the establishing different dependence of level parameters upon solar radiation, most often expressed by Wolf numbers - B.A.Apollov (1959), A.N.Afanasiev (1967), I.M.Soskin (1959), M.S.Eigenson (1963), E.G.Arkhipova et al. (1972), I.F.Getman (1997, 2000);

· On the establishing relations between water level fluctuations and various forms of atmospheric circulation, most often expressed as indices as of Vangengeim & Vitels - N.A.Belinsky and G.P.Kalinin (1946), V.S.Antonov (1963), A.A.Girs (1971), K.L.Smirnova (1972), I.S.Kim and S.P.Nikulina (1994), N.S.Sidorenkov and V.I.Shveikina (1996);

· On the discovery of cycles in the series of long-term water level fluctuations and extrapolation of these cycles for the future - B.A.Shliamin (1962), K.M. Magomedov (1994), A.I. Sheko et. al. (1993), Yu.A. Karpychev (1994). 

When analyzing methodological approaches and results of the climate forecasts for the Sea water level, it should be noted that these forecasts have serious problems when averaging climate conditions over vast areas (in this particular case it is the major portion of the European territory of Russia and FSU files with in Caspian Sea basin); this problem is far from being solved and reliability of the predicted water levels for the distant future is low. 

Many scientists note, that correlation dependencies between water levels in the Sea and characteristics of the atmospheric circulation contain systematic errors, they are variable and do not provide effective forecasts for a long time period. The lack of reliable methods for predicting atmospheric circulation changes is another very important disadvantage of this approach These forecasts are made on the basis of an analogy with the past even though, the variations in atmospheric processes observed in the past may be quite different in the future. It should be added, that anthropogenic climate change in recent decades will greatly affect the processes of the atmospheric circulation. 

The use of the so-called Sun-Earth relationships for long-range forecasts are not yet reliable because they are no sufficiently validated by physical processes and experimental studies, which greatly reduces the value of these forecasts; besides, these relations are not very stable. This instability is displayed in the results of correlative dependencies for the Caspian Sea water levels upon indices of solar activity and atmospheric circulation (V.Yu. Georgievsky, 1978). 

Investigations made at the SHI show that the results of super-long-term forecasts should be treated with a great care even if they are based on the relationships with high correlation coefficients. Depending on what particular long-term period is selected for analysis and what factors are analyzed, it is possible to draw contradictory conclusions on the future water level fluctuations in the Sea. 

These conclusions do not mean that the problem of super-long-term forecasting of water levels in endorheic water bodies is hopeless. Relationships between water balance components of the Sea and the factors of space and geophysical origin are probably more complicated; the discovery of these relationships and their physical interpretation are difficult and this problem is not yet solved.

Along with the previous approaches, the hypotheses are suggested that relate the current and possible future changes in Caspian Sea level to the influence of tectonic factors. In the recent years at the State Hydrological Institute it was determined that sea level fluctuations are completely determined by changes of its water balance components and hence, these hypotheses do not have any serious scientific basis. However, based on these hypotheses, the Caspian level change forecasts are still developed  A brief review is presented by D.A. Lilienberg (1996). According to data in this publication, different authors (B.N.Golubov, V.К.Magomedov, B.Arlamandzhan) predict a future Caspian Sea level increase of up to the 22 to 25 m marks due to the influence of geological factors.    

Another approach to assessing Caspian level fluctuations and so far the only scientifically sound approach in our opinion is probabilistic modeling. The seawater balance equations are used to model level fluctuations. In the general case, this equation belongs to a class of stochastic non-linear equations. S.N.Kritsky and M.F.Menkel (Kritsky et.al. 1975) are the founders of this direction. This approach was further developed in (Georgievsky and Ezhov 1990, Ratkovich et.al. 1973, Ratkovich and Bolgov 1994, Frolov et al. 1995, Golubtsov and Li 1995, G.S. Golitsyn et. al. 1998). 

It was convincingly shown in these publications that even at during stable conditions in the main seawater balance components, river water inflow and sea evaporation, the level fluctuations will be quite significant as a result of their random variations about the mean. Suitable methods for calculation of stochastic data generation have been developed. 
2. The results of the Caspian level forecasts over the last 20 Years

Table 1 presents the results of the Caspian Sea Level forecasts for 2000-2050, using different approaches undertaken between 1980 and 2000, i.e. in the period when an intensive rise in the level was taking place.

The data presented show a wide range of results. Depending on the methods used and the assumptions made concerning the future scenarios of climate conditions and economic development, some authors predict rising sea levels in the first half of the century of up to – 18 to 22 m., while others forecast it falling to –28 to 34 m. It is clear that with such a range of predictions it is impossible to plan and carry out measures, for protecting the coast from inundation or falling levels that will be required for the economic development of the coastal regions, and their ecological protection.  

Let us make a short review of the level forecasts, worked out using different methodic approaches. The forecasts, based on the connection of the level with solar activity were developed by I.F. Getman (1997, 2000). According to his calculations (1997) the maximum can occur between 2035 and 2050, and the level will reach the mark – 21,7 m. In his paper (Getman, 2000) Getman used a correlation of the following type:

H = f (W27, W33, W42),          (1)

where,  H - stands for the mean annual sea level, 

            W27 and W42 – for solar activity in the integral form (the sum of divergences from the normal) with a displacement concerning the level H for 27 and 42 years ahead respectively,

            W33  - for the mean annual value of solar activity (Wolf's numbers figures) with a displacement for 33 years ahead. 

According to the calculations based on equation (1) the level of the Caspian Sea by 2023 will reach approximately – 23,0 m., Getman (2000) observes that the correlation (1) can be used only when calculating the secular rise of the sea level corresponding to the ascending branch in the secular cycle of solar activity, he also observes “that the physical mechanism of the solar activity influence on the atmospheric circulation is not clear”.

Thus, the author of the method considered used the usual empirical dependence of the Caspian level on Wolf's numbers (figures). As we have already observed (V.Yu. Georgiyevsky, 1978) such relationships are extremely unstable, periods of good correlation of level and solar activity are followed by periods, when this relationship is missing or even changes its sign for the opposite one. Besides, the structure of this relationship is rather unfortunate as to forecast the Caspian level for a year ahead one must forecast the solar activity 42 years ahead.

The forecasts given in the studies of I.S. Kim and S.P. Nikulina (1994) as well as N.S. Sidorenkov and V.I. Shveikina (1996) should be classed among forecasts based on the dependence of the levels, on the atmospheric circulation. In spite of the fact that both the studies make use of the level dependence on the atmospheric circulation indexes of Wangenheim-Girs, the results of the forecasts for the next decades differ considerably. Thus the study of I.S. Kim and S.P. Nikulina comes to the following conclusion: "the Caspian levels up to 1998-2000 will rise by an average 8-9 cm a year, to be followed by a period of stability when the change in level will be insignificant, an from 2025 the level may rise again". N.S. Sidorenkov and V.I. Shveikina (1996), however, state in their study that the level will keep rising up to 2010 and will reach – 25,7 m. and then will follow a period of falling levels. 

These methods are all based on forecasts of the atmospheric circulation changes and their principal drawback is the lack of reliable ways of forecasting the future changes of the atmospheric circulation.

A number of authors continue searching for "latent periodicities" in the Caspian level data. As a matter of fact, what they mean is to approximate the Caspian level changes for many years by different functions: polynoms, trigonometric functions or combinations. They also make use of the recorded level data as well as the results of level palaeo-reconstructions.

In the study of M.G. Alishaev and M.A. Mamayev (1994) the Caspian level dynamics for many centuries were found to approximate to harmonic periods of 32, 130, 216 and 420 years. On extrapolating this function K.M. Magomedov came to the conclusion, that the sea level will rise till 2030 up to the mark – 24,3 m, after which fall can be expected. In his opinion taking into account the techtonic effect and possible warming in 2020 to 2050 the sea level will stabilize at about – 25,0 m.

A.I. Sheko et al. (1994) found on the basis of the study of major cycles of periods of 100 to 200 years, that the next significant level rise will occur at the end of the 21st century the maximum level reaching a mark of – 25,0 m.

In a study by. Karpychev (1994), level fluctuations were fitted by harmonic functions with period of 2400, 200 and 80 years. By means of extrapolation the author came to the conclusion, that “in the near future the level will become stable and then slightly fall". In his opinion the following rise will not be significant and by the middle of the 21st century may again arise the problem of falling sea levels.

As can be seen from the results of the Caspian level forecasts, they contradict one another to a considerable degree. Besides, attention should be paid to the fact that the authors, analyzing the fluctuations of the sea level, pick out absolutely different periodical components in them.

In our opinion, so far, there are no sufficiently reliable proofs of periodical components available in the fluctuations of the Caspian level or in its water balance elements, therefore the results of the level forecasts, obtained by this method, have no practical value and are theoretical exercises only.

Now let us dwell on the results of the level forecasts, based on using the sea water balance equation. When using this approach we must find out the statistics of the main water balance components for the forecast period, which usually numbers several decades in advance. These components are: the flow, the evaporation, and the precipitation. We should also evaluate the fall in river flow into the sea as a result of economic activity. The water balance elements parameters are evaluated by the data of many years observations, as well as by consulting different historical sources or palaeo-reconstructions.

The value of the decrease in flow into the sea is calculated on the basis of future plans of industrial water use in the river basins.  The forecast usually has a probabilistic form: it gives a mathematic expectation of the level and probable deviations from it. The limits of the confidence interval show the range of the level values within which it will occur. 

It is evident that a reliable level forecast is determined by the degree of reliability with which the major water balance components and the quantities of water use in the basin are estimated. Here we must stress the fact that the forecasts developed on the water balance basis at SHI, SOI, and IWP at the end of the seventies and the beginning of the eighties, according to which a lowering of the level was to be expected by 2000, did not materialise mainly because too much water use in the basin had been forecast. They were calculated according to the long term development plans for those branches of national economy that consume large quantities of water, mostly irrigated agriculture. Thus it was expected that already in 1981-1990 the river water flow into the Caspian would fall on the average by 55 km3 a year under the influence of economic activity factors, and by 67 km3 in 1991-2000. In reality, as it was shown by investigations carried out by the State Hydrological Institute, in recent years this value, having reached 40 km3 a year in the second half of the eighties, then became stable, and at the beginning of the nineties fell and reached a value of 28 km3 a year by 2000 as a result of the collapse of the USSR and the protracted economic crisis that arose in the Caspian countries.

The results of the level forecasts, carried out taking into account 1) stabilization of water use in the Caspian basin and 2) the natural water exchange between the sea and the Kara-Bogar-Gol Bay as well as 3) the acceptance of the hypothesis of climatic conditions stability showed (V.V. Golubtsov and V.I. Zi 1994, D.Ya. Radkovich and M.V. Bolgov 1994, A.V. Frolov et al. 1995, G.S. Galitsin et al. 1998) that in the first half of the 21st century will reach the mark – 28 m to 29 m, whereas the probability of a rise above the mark of – 26 m is not more than 1%.

The analysis of the level forecasts, carried out taking into account the potential anthropogenic climate warming influence on the sea water balance elements, the warming resulting from the increase of greenhouse gases concentration in the atmosphere; showed the absence of any coordination between them. These forecasts are mainly based on using the method of palaeo-analogies, when it is assumed that in the future global warming climatic conditions and the corresponding sea water balance will be analogous to the climatic optimum conditions of Holocene or the Mikulin interglacial period (A.A. Velitchka et al. 1987, M.I. Budyko et al. 1988, V.A. Zubakov 1993). In the opinion of the authors of the study (A.A. Velitchko et al. 1987) when the global warming increases by 10 C the Caspian level will rise to 22 m, in case of further warming it will rise more considerably. M.I. Budyko with his co-authors (Budyko et al. 1988) forecast a level rise up to the mark –22,4 m by 2050, for a global warming increasing 3-4 0C. V.A. Zubakov (1988) is of a different opinion. He considers that if by the middle of the 21st century the global warming increased by 1,5 - 2,5 0C, the Caspian level may fall by
5 to 8 m, reaching the mark –34 m, which threatens to drain the whole of the northern Caspian sea.

Such wide discrepancies in the future level estimations in case of global climatic warming throw doubt on the possibility of applying the paleo-analogy method for prognostic purposes.

In our opinion, it is better to estimate the reaction of the seawater balance elements and their change to global warming. It is more promising to use climatic scenarios obtained from modern general circulation models.

3. Probability forecasts of the Caspian Sea levels

Probability approach to forecasting leaves room for both analytical calculation of the level and numerical calculations. In SHI an approach has been developed based on the use of sequences of annual river flows of the main rivers, surface evaporation and precipitation modeled by means of the Monte-Carlo method. The main results obtained in these investigations are contained in the works by I.A.Shiklimanov and V.Yu.Georgievski (1981), V.Yu.Georgievski (1982), I.A.Shiklimanov (1988), V.Yu.Georgievski and A.V.Yezhov (1990). This approach makes it possible to take into account existing spatial and temporal fluctuations of the main elements of water balance, and also specific features of their formation and economic development. 

Since, as it was already pointed out, improved data were obtained on the components of the sea water balance, including flow losses in the lower flows of rivers, characteristics of the current use of water resources, as well as on water regime of Kara-Bogaz-Gol Bay. Climatic models and long-term fluctuations of the level (V.Yu.Georgievski and A.V.Yezhov, 1990) developed in SHI has improved considerably. For the first time the principal water balance processes in the system “Caspian Sea – Kara-Bogaz-Gol Bay” are jointly modeled with due account for intra-annual modelled distribution of the main elements, non-stationarity, caused by anthropogenic changes of the climate, development of economic activity in the basin, and so on.

The principal difficulty arising when forecasting the Caspian Sea level is caused on the one hand, by the absence of a reliable forecast of climatic conditions for the next few years to several decades, and on the other hand, with the fact that it is impossible to give an unambiguous estimation of future development of social and economic conditions in Caspian countries, which finally determine the amount of consumptive water use in the sea basin.

Since, in the opinion of the majority of specialist, climatologists, natural fluctuations of climate cannot be predicted, and only its anthropogenic changes connected first of all with the increase in greenhouse concentrations in the atmosphere, can be accounted for, a scenario approach was used in the present project.

The following two principal concepts have been considered:

· The hypothesis of stationarity of climatic conditions based on the assumption that climatic changes in the period of instrumental observations and in foreseeable future  (forecasting period, as a rule run into several decades) are caused only by natural factors;

· The hypothesis of nonstationarity of climatic conditions from which it follows that already in the first decades of the 21st century the principal climatic characteristics (precipitation and atmospheric temperature) will change as a result of increasing greenhouse gases concentration in the atmosphere.

Climatic scenarios were eventually used to solve the problem of the estimation of the main components of the sea water balance in the next few decades, which is absolutely necessary for preparation of a probability forecast of the Caspian Sea level. An important principal conclusion was drawn: under all climatic scenarios obtained both from the modern models of general atmospheric circulation, and on the basis of paleoclimatic reconstructions. This was that there would be 5 to 10 % increase of natural (climatic) flow to the Volga river basin should be expected in the first 25 years of the future century as compared to its  long term average.

Since all the results of estimations of possible changes in the Volga river inflow to the sea for all the scenarios under consideration were of a similar magnitude, this made it possible to select the HadCM 2 model  which has had the best spatial resolution to consider in more detail.

The same climatic scenario was used for estimation of evaporation from the sea surface and precipitation on its water area. Calculation of evaporation was carried out using a diffusion formula developed in SOI (1972) by inserting in it average monthly values of meteorological factors corresponding to the assumed scenario of climatic change. In accordance with the calculations one would expect by 2030 approximately a 12% increase in evaporation from the surface of the Caspian Sea. Annual precipitation on the sea surface will increase by 11%.

For analysis of uncertainty connected with the impossibility to assess unambiguously future development of social and economic conditions in Caspian countries, three alternatives of consumptive water use from the basins of the main rivers were considered for each scenario: optimistic, moderate and pessimistic, in accordance with the decrease of inflow caused by economic activity will by 2030 to 48 km3/year, 40 km3/year and 28 km3/year, respectively In the last of these alternatives it was assumed that the value of consumptive water use in the basin of the Caspian Sea will stabilize at the current level. To our mind, the most probable is the moderate alternative under which total decrease in the inflow of the rivers to the sea under the influence of a complex of economic activity factors will increase by the year of 2030 by 12 km3/year as compared to the current 28km3/year.

Lets us now consider the results of the probability forecasts of Caspian Sea levels and analyze them.

Modeling of the sea level was carried out for a period up to the year of 2030 for six variants which differ in the scenarios assumed for future climatic conditions and dynamics of the of economic activity development, sea balance, characterized by a considerable increase in consumptive use.

We shall now consider the results of calculations for the scenarios where the statistical characteristics of the natural river inflow to the sea, evaporation from its surface and precipitation determined from long-term observation data were assumed as initial characteristics. Thus it is suggested that the climatic conditions in the sea basin during the next 30 years would be similar (in the probabilistic sense) to those observed previously. Results of the probability forecast of the Caspian Sea level are shown in Fig.1 for the alternative under which total decrease in river inflow to the sea due to complex of economic activity will amount to 40km3/year by 2030.

The results of calculations indicate that by 2015, we should expect levels to decrease to –27.59 m to -27.91 m and by 2030 to –28.02m to -28.91 m, depending on the adopted alternative of the economic activity in the basin selected: (pessimistic, moderate or optimistic). There probability values in . Figures 1 present the limits of the 68% confidence interval (h((), as well as the conventional level probability curves for 2005, 2015 and 2030. The confidence interval limits restrict a zone within which the level fluctuations can occur with a specific probability (in this case with a 68% probability) while each level value in the probability curve has a corresponding probability of exceedence. An analysis of the future level deviations from its mean has revealed that for the adopted climatic conditions even at water withdrawal in the basin at the present level, the probability of its rise up to a mark of –26.0 m is less than one percent and to a mark of –25.5 m less than 0.1%.

For climatic scenarios obtained from the HadleyCM3 model, lowering of the level is expected as well as for the one discussed above, despite on increase of inflow to the sea caused by climatic factors. This is so because the increase of the inflow to the sea and increase of precipitation over the sea in future will be more than compensated by an increase in evaporation from the water area of the sea. In 2015 the average value will be in the interval of -27.84 m to -28.14 m, and by 2030 it will be in the interval of -28.43 m to -29.24 m, respectively, for minimum and maximum alternatives of water consumption in the basin.

The probability of the levels increasing to between –26.0 -25.5 m is even less than that compared to the scenario corresponding to average long-term climatic conditions.

Analysis of modeling results for possible changes of the Caspian sea levels for the next 30 years has shown that despite existing objective uncertainties connected first of all with the absence of reliable forecasts of the climate, and secondly with impossibility to give unambiguous estimation of the future consumptive water in the basin, one can draw the following conclusions which have considerable practical importance:

· In future the lowering of the sea level is most likely. Taking into consideration the fact that the present (beginning of 2000) level is at the mark -27.0 m, expected level in 2005 will be in the range of -27.2 m to -27.3 m, and by 2015 it will fall to the marks -27.6 to –28.0 m, and by 2030 its most probable position will be within the marks -27.6 m 
and -28.9 m;

· The values presented above characterize the most probable average position of the level;although it is quite natural that in some years or periods levels may deviate significantly 

· Through natured climatic variability for instance, possible deviation of the level from its medium position for a confidence probability of 0.95% levels would vary by (0.75m by 2005, and (1.3m by 2015, and (1.6m by 2030.

· The analysis undertaken shows that in the next 5-10 years the probability levels exceeding the mark -26.0 m is less than 1%, and probability of the marks higher than -25.5 m is less than 0.1% (once in 1000 years); in subsequent years the probability will be even smaller;

· Taking into consideration that in all Caspian countries today, under conditions of high sea levels, the problem of protecting areas of industrial and agricultural projects located in coastal zone from flooding is paramount, the conclusions presented should be taken into consideration when elaborating and implementing measures for protection of the coastal zone of the sea.
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Figure 1
Forecast and its conditional probability functions of the Caspian Sea level under the present climate and “moderate” anthropogenic scenario.
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Table 1
Updated Prognostic Estimates for the Caspian Sea Water Level between for 2000-2050

	Authors
	Applied

approach/method
	Predicted position of the Sea water level, m BS
	Remarks

	
	
	2000
	2005
	2010
	2020
	2050
	

	
	
	
	
	
	
	
	

	Velichko et.al. 1987
	Water-balance calculations under the climate scenarios for the global warming of 

10С
	
	
	
	
	
	Under the global warming of 10С Sea level will rise at the rate of 25 mm/year till the mark –22…-18 m BS



	Budyko et.al. 1988
	Water-balance calculations under the climate scenarios for the global warming of 

10С, 20С, и 3-40С
	-28,1
	
	-27,1
	
	-22,4
	Outflow to the Kara-Bogaz-Gol Bay and anthropogenic changes of rivers’ inflow to the Sea were not taken into account



	Getman 1992
	On the dependencies with characteristics of the solar activity
	
	
	
	
	-21,7(
0,5
	The maximal level can be expected between 2035-2050

	Klige 1993,


	Probabilistic-statistic estimate on the basis of water balance method
	-26.59

-25.71

-27.67
	
	-25.52

-23.99

-27.00
	
	
	50% quintile

5%  quintile

95% quintile 

(water consumption of 40-35 km3/year)


	Sheko et.al. 1993 
	Level extrapolation
	
	
	
	
	-25.0
	Extreme possible rise of sea water level



	Magomedov 1993 
	Level extrapolation 
	
	
	
	
	-25.0
	A level mark at -24.3 m is expected by 2030

	Karpychev Yu.A. 1994
	Level extrapolation
	
	
	
	
	-28.0÷

-29.0
	

	Ratkovich 1993 
	Multipurpose analysis of observation data on water balance components and paleogeographic studies
	
	
	
	
	
	For the conditions of stationary climate and updated water consumption the water level rise up to -26.0 m is expected as extreme possible level

	Zubakov V.A. 1993
	Level paleoreconstruction
	
	
	
	
	-19.0÷

-22.0
	

	Ratkovich and Bolgov 1994 
	Probabilistic statistic analysis of the water balance components and the Sea level fluctuations
	-28.0

-26.6

-29.2
	
	-28.5

-27.1

-29.9
	-28.7

-27.2

-30.05
	
	Mean levels

1% quintile levels

99% quantile levels

(stationarity of water balance components is assumed) 

	Kim and Nikulina

1994 
	Analysis of long-term frequency of atmospheric circulation forms

	-26.39
	
	
	
	
	Derived according to the estimates of the authors on the Sea water level rise before 2000 at the rate of 8-9 cm/year

	Rychagov et.al. 

1994
	Paleogeographic analysis of the new Caspian Sea terraces and deposits structure using tracers for dating of the Sea deposits
	
	
	
	
	
	In the "near future" (the time is not specified) the Sea water         level would not rise above the mark of -25.0 m BS without any         account of water consumption and above -26.0 m BS with account of the water withdrawal

	Golubtsov and Li

1995
	Statistic analysis of recovered 436-year series on the Sea water   levels with the use of water balance equation 
	-26,7


	
	-27,7
	
	
	at the absence of water withdrawal

- 1% quintile level -26.0

- 0.1% quintile level -25.0

- recommended as "extreme one" for the water projects in the coastal zone

- most probable (50% quintile) at the absence of water withdrawal growth 

	Remizova and Myagkov 1995
	Water balance method
	-26.92

-26.0


	-26.53

(2007)
	-26.2

(2014)


	-26.64
	-29.17
	In 2007 (-26.53),

in 2025 (-26.64)

Hypothesis and assessments on the deviation of the global air temperature from the present one on the replacement of the epoch of zonal atmospheric circulation by the meridional one before 2007 was used.

- in case of possible decrease of evaporation from the Sea surface as a  result of higher moisture content  under the effect of higher evaporation from irrigated territories in the Central Asia

- with the account of water losses of 40 km3/year

- if anthropogenic effect on the water balance is excluded

- at the rise of water withdrawal up to 46 km3/year

	Malinin 1995
	Physical statistic model

Semi-empirical theory of atmospheric circulation

 Concept of natural climate periods (NCP)
	-26.5


	
	-25.5
	-25.4÷

-25.0
	
	

	Frolov et.al. 1995 
	Water balance, dynamic- stochastic model of 3 scenarios of hydrometeorological conditions is used
	-26.49

-27.20÷

-25.75

-26.70

-27.50÷

-26.0

-27.40

-28.3÷

-26.7
	-26.25

-27.20÷

-25.30

-26.70

-27.65÷

-25.80

-27.90

-28.8÷

-27.0
	-26.10

-27.15÷

-25.0

-26.70

-27.80÷

-25.70

-28.25

-29.25÷

-27.25
	
	
	- Scenario 1, which follows to the ratio between water balance components for the present water level rise after 1978 (water inflow of 310 km3/year) conventional evaporation of 0.686 m/year, water losses of 40 km3/year)

boundaries of 90% confidence interval for scenario 1

- scenario 2, which follows to the maximum river discharge of 325 km3/year (observed for 10-year period and reduced conventional evaporation of 0.7 m/year. Water losses equal 30 km3/year

- boundaries of 90% confidence

interval for scenario 2

- scenario 3, corresponding to the ratio of water balance components for 1900-1969 (water inflow of 313 km3/year, evaporation of 0.7 m/year  water losses of 40 km3/year)

- boundaries of 90% confidence interval for scenario 3

	Sidorenkov and Shveikina 1996


	By the dependencies with characteristics of atmospheric circulation
	
	
	-25,7
	
	
	After 2010 the Sea level falling is expected



	Golitsyn  et al.1998 
	Water balance, dynamic- stochastic model
	
	
	-26.2

-28.2
	
	
	- Corresponding to the ratio of water balance components for 1978-1995

- scenario: water inflow of 325 km3/year conventional evaporation of 0.7 m/year, water losses of 30 km3/year
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