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1. Introduction

In order to study the level changes of the Caspian Sea and its hydrological regime quite a number of reseach has been already accomplished. Though it should be stated that till now there is no reliable method of their forecasting changes. To a certain extend this might be explained by: on one hand - with unsufficient investigation of the Caspian Sea nature, on the other - with he fact of studying mainly the local particularities of its change, not connected with some global changes on the Earth. At the same time it could be supposed that the Caspian region including the largest inner water body and the water catchment area of the Earth should reach to the climate changes of global scale prior to other regions. In this connection the local changes in the Caspian Sea area, including the water level changes, could be considered as some notice of global scale. Later on we will be back to this approach while here we go into the main results of the Caspian region research within the frames of the considered subject.

2. The main part.

The Caspian Sea-lake is an inner water body for which the following water balance equation is true

dV / dt = UB (t) - EB (t) * F(t),
where V(t) - volume of the water body at the time moment t; UB(t) - water income within the time unit; EB(t) - visible evaporation layer (EB = E — P), lost duing the time unit; F(t) - water body surface area. The water balance equation could be also used in form:

dH / dt = { UB(t) / F(H) } - EB(t)
where H(t) - water level in the water body at the time moment t; F(h) - the area of the water body surface at the determined H.

Let us note that success of the research will depend on the accuracy (methodology) of determination of the water balance components, as well as reveal of reason of their changes. The water income, the water body area, as well as its water level, are being measured instrumentally when only the evaporation magnitude is calculated. Unsufficient study of evaporation brings to largest uncertainty of the water balance equation's use.

In the Caspian Sea water balance precipitations do not exteed   20% of evaporation and are measured instrumentally. Instrumental measurement of evaporation is connected with complexities, therefore as a rule, its value is calculated.

Investigations of evaporation of the Caspian Sea, have been conducted for a rather long time (the results of evaporation measurements taken as long ago as by A.I. Voeikov in 1884 are known) and rather systematically. In this case the total values of evaporation are determined on the basis of mean (month, year) initial data, which inevitably involves errors due to neglect of the correlactions between the characteristics of air and water. The value of the errors increases with increase of the averaging period and depends on the of integration of a water body with the atmosphere. To take these errors into account, the author conducted additional

investigations and calculated evaporation of the sea on the basis of primary (not mean) hydrometeorological information.

Let us examine at first the values of evaporation from the Caspian Sea surface during different years according to the data of different authors (Table).

Table 1 Long-time annual value of evaporation from the Caspian Sea surface according to data of various authors

Year        Author    





               Evaporation, cm

1884
A.I.Voeikov
108,5

1921
N.M.Knipovich
125,0-135,0 (130,0)

1924
S.A.Kovalevskii
112,0

1927
JLF.Rudovits
104,0

1928
A.I.Mikhalevskii
105,0

1933
G.R.Bregman, A.I. Mikhalevskii 109,9

1934
M.D.Dundukov
97,7

1935
B.A.Apollov
111,3

1935
G.R.Bregman, A.I. Mikhalevskii 
99,9

1941
V.K.Davydov
100,0

1946
B.D.Zaikov
98,7

1947
G.P.Ponomarenko
96,2

1955
E.G.Arkhipova
98,4

1962
S.S.Remizova
97,7

1963
V.S.Samoilenko
91,1

1963
M.I.Abokarov
92,7

1965
L.S.Evseeva
91,0

1966
O.I.Sheremetevskaya
101,1

1970
N.P.Goptarev, G.N.Panin 
101,9

1970
EG.Arkhipova et al.
99,6

1972
K.I.Smimova
101,0

1976
I.A.Shiklomanov
97,0

1986
G.N.Panin
96,3

It is seen from Table that the differences between the mean annual values of evaporation determined by different methods for different time periods are small (the standard deviation does not exceed 10% of the mean value, 102 cm/year.) Therefore we can regard a mean annual value of evaporation of about 1 m/year as a certain criterion for comparison. We note that coincidence of mean annual values of evaporation does not mean identity of the annual variation. This, in particular, must be taken into account when predicting heat and mass exchange and managing the water regime of the sea or its indiviual parts.

The results given below were obtained from hydrometeorological data on the entire sea stored on magnetic tapes of the Hydrometeorological Data Center   of   the   All-Union   Scientific-Research   Institute   of Hydrometeorological Information - World Data Center (VNIIGMI-MTsD) starting with 1904 year. The data is sorted according to spherical trapezoids with sides of 5 longitude and latitude. Such a step is large for the Caspian Sea, and therefore the data was re-sorted according to one-degree spherical trapezoids. To reduce errors caused by spatial inhomogeneity of the meteorological fields and irregularity of the ship observation, the average coordinates of the observations were calculated to which the calculated characteristics were referred. To eliminate low-quality information, the exclusion of clearly erroneous data was provided for in the program. In all, about 150 000 data relatively nonuniformly distributed over the water area were used in the calculations (Larin and Panin, 1985, Panin, 1986, 1987). Let us dwell further on method of the evaporation value calculation.

2.1. Description of the evaporation calculating method.

With the help of spectral fluctuations analysis of velocity, temperature and humidity on one hand and surface waving of the deep water basin - on the other it has been earlier (Benilov et al., 1974, Panin, 1985, Panin, 1990, Panin and Krivitskei, 1992) shown, that spectra of the air temperature and humidity, as well as cospectra of heat flux and evaporation, are subjects to the surface waves influence to much less degree than wind velocity spectra and impulse cospectra correspondingly. This means that, describing the heat and moisture exchange between the deep water basin and the atmosphere, the understanding of automodelling could be used wider than by describing the dynamic interaction characteristics, i.e. requirements to consideration of cq /u» parameter, characterizing the surface waves development stages, here become less definite, than for example for account of the near-the-water air layer stratification. For characterizing of the water surface state, its roughness as a first approximation, it could be limited by the roughness parameter zq or roughness of Reynolds number ReS = hS /δV ( z0 /δV  as the length scale where z0 is used (Kitaigorodskii et al., 1973).

With the account of that and also assuming that changes of the heat and himidity exchange in near-the-water atmosphere layer could be described within the frames of dimensionless coefficients CU = w¯/u¯/ / U102 (drag coefficient), CT = w¯/T¯/ / ΔTS,Z-U10 (coefficient of heat exchange) and Ce = w¯/a¯/ / Δa S,Z - U10   (coefficient   of   evaporation)   will   write (Kitaigorodskii et al., 1973): 

CT = FT ( z/hS; z/L; hS/δV; PrT )                           


Equation 1 
Ce = Fe ( z/hS; z/L; hS/δV; Pre )                            


Equation 2
Assuming the Prandtl numbers as constant and equal between themselve (PrT = Pre = Pr = 1.0) and fixing the changes heights (for example, z==10m), we rewrite (1) and (2) in form:

CT,e= FT,e ( z/L; hS/δV )                                               


Equation 3
Assuming in (3) that δV with precision up to numeral multiplier could be represented in form δV ~ v / u* and hS ~ Z0, rewrite (3) in form:

CT,e= FT,e ( z/L; z0u*/v )                                 



Equation 4
In neutral as to stratification conditions the coefficient of heat/moisture exchange CT,eN has form (Panin, 1985):

CT,eN= 10 -3 ( z0u*/v )0,11           at z/L=>0            



Equation 5
Water surface friction in neutral conditions, as it was shown (Panin and Krivitskii, 1992), could be considered within frames of the logarithmic boundary layer. This essentially simplifies calculation of coefficient of the heat/moisture exchange in neutral conditions of stratification CT,eN.

Not choosing the way of the simple mechanical reculculation of magnitudes z0 and CT,eN correspondingly, we will be restricted here by logarithmic approximation for calculation of CT,eN coefficient by (5) and the main attention will be paid to description of the role of the dense stratification with this.

The basis for description of the stratificated liquid flow is the similarity theory of Monin-Obukhov, according to which all the dimensionless boundary layer characteristics should depend on one dimensionless stratification parameter:
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Equation 6
It is important to use the Monin-Obukhov parameter z/LT , as well as

RfT = - g/T * w’ T’/ w’ u’ ∂u/∂z 

RiT=- g/T * ∂T/∂z*(∂U/∂z)2
dynamic 

      and gradient 


of the Richardson numbers in near-the-water-lay er, in a modernized form. The point is, that above water basins the air density fluctuations are evidently influenced by humidity fluctuations, being the result of the intense evaporation.

Stratification of humidity may be accounted by the introduction of the TV - virtual temperature instead of the true temperature of air TZ, which are connected by relationship TV = TZ(l - 06 Iq).

With the account of this the air stratification characteristics could be written in form (Piazena and Panin, 1991):

z/L = z/LT ( 1+b/B0 ) =  - g/T * (zw’ T’/u*3 ( 1+b/B0 ) = z/LT + z/Lq
Equation 7
Rf = RfT (1+b/B0) = - g/T * w’ T’ / w’u’ ∂u / ∂z ( 1+b/B0 )

Equation 8
Ri = RiT (1+b/B0) = - g/T * ∂T / ∂z / (∂U/∂z) ( 1+b/B0 )

Equation 9
Expressions (7 - 9) show that in conditions of the stable dense stratification magnitudes z / L^, Rfr; k^t appear to be overestimated, and unstable -underestimated as compared with its true magnitudes. Now we can consider the possibility to estimate magnitudes of these parameters regarding the standard hydrometeorological information. Expression for the Monin-Obukhov parameter, where values of the impulse and heat fluxes are estimated by bulk-formulas is presented:

z/L ≈ - (gzCT (TS - TZ) / TUZ2CU3/2 * ( 1+b/B0 )  



Equation 10
Assuming as a first approximation the coefficients of the heat exchange and resistance Cy and Cy proportion as to each other rewrite (10) in form  convenient for use:

z/L ≈ - z (TS - TZ) / TUZ2 * (1+ 0.11 * eZ – eS / TS - TZ)


Equation 11
Having systematized numerous current data on fluxes of impulse, heat and moisture in form CT,eS / CT,eN,  where CT,eS - coefficient of heat/moisture exchange in stratificated conditions, we obtain a simple way for account of the stratification dependence on the heat/moisture change:

CT,eS = CT,eN (


≈ 10-3 (z0u* / v) 0.11 (


Equation 12
Heat and humidity exchange between the water body and the atmosphere under strong winds and especially with storms were studied worse than under still and moderate interaction regimes. But here also there already exist the experimental data(Bortkovskii, 1983, Panin, 1985, Katsaros and De Cosmo, 1988) which could be successfully used for obtaining of corresponding estimations (Panin and Krivitskii, 1992):

CT,eES = CT,eS * 10-2 (z0u* / v) 3/4





Equation 13
and comes to:

HTES = (cPCT,eES(TSZUZ = (cPCT,eS * 10-2 (z0u* / v)3/4 (TSZUZ 
Equation 14 

EES = CT,eES(aSZUZ = CT,eS * 10-2 (z0u* / v)3/4 (aSZUZ


Equation 15

Full coefficient of the heat/humidity exchange at strong winds and stems is characterised by the expression

CT,e = CT,eS + CT,eES = CT,eS [ 1+10-2 (z0u* / v)3/4 ] 


Equation 16
which with the account of expression (12) can be rewritten in form:

CT,e = CT,eN (



 



Equation 17
Coefficient of the heat/mass exchange, written in form (16, 17), allows to estimate the influence of near-the-water air stratification on the water drops emission. From expressions (16, 17) it is clear that under other similar conditions the heat/mass exchange due to the water drops emission in the unstable stratificated near-the-water layer is higher than in stably stratified. This result agrees well with data of Bortkovskii (1983) observing the higher amount of bubles on the sea surface in warmer water as compared with colder one.

The input of the water drops emission into the heat-humidity exchange at neutral stratification is proportional to:

CT,e EN = CT,eN 10-2 (z0u* / v) ¾





Equation 18 
and comes to:

HTEN = (cPCT,eEN * 10-2 (z0u* / v)3/4 (TSZUZ



Equation 19
EEN = CT,eEN * 10-2 (z0u* / v)3/4 (aSZUZ




Equation 20
As a whole, the calculating scheme of the heat/humidity exchange in natural conditions though has a complicated structure, consisting of three parts, but allows quite correctly calculate the main interaction characteristics. For practical use the developed calculation scheme could be written in general form:

HT = (cPCT,eN (TSZUZ  (


















Equation 21
E = CT,eN (UZ(qSZUZ (


















Equation 22
Having at disposal a standard hydrometorological  information (ts? tz? Qz? ^z anc^ z)? characteristics of the heat and humidity exchange of deep water bodies and the atmosphere can be directly calculated with the use of formulas (21, 22).

Spatial variability of the evaporation and heat exchange of the Caspian Sea.

Charts of the main mean montly characteristics of air (wind speed, air temperature and dew point) and water temperature were used in analyzing the spatial variability of the evaporation and the heat exchange.

It is known (see 2.1) that one of the main parameters determing the regime of the evaporation and the heat exchange is the near-the-water air layer stratification, and therefore at first we will examine variability of the Monin-Obukhov length scale L. The range of variation of the quantity is more than two orders of magnitude (from less than 10 to greater than 1000 m) and, furthermore, this quantity varies in sign (minus corresponds to unstable and plus to stable density stratification).

The winter months are characterized by a rather uniform distribution of negative values of L with a small increase from the South Caspian northward. The northern part of the sea is covered with ice, and therefore here L remains indefinite.

In the fall months the field of L is more diverse, although the range of variation is small, approximately from -50 to -1000 m. The main characteristic of the field L at this time is the presence of a positive anomaly L in the eastern coastal zone of the Middle Caspian, being displayed especially clearly in September, when L reaches values of +50 m. In November it is not possible to notice an anomalous deviation of L, and in October one can speak only about a weak tendency toward an increase of negative values of L. In September this can lead to a decrease of the coefficient of heat and moisture exchange and, accordingly, of evaporation along the eastern coast of the Middle Caspian, even to the extent of a change of sign of turbulent heat exchange in this zone.

The spring-summer period is characterized by strong inhomogeneity of scale L, varying with transition from spring to summer and from summer to fall both in value and in sign (and differently in different parts of the sea). Transition from unstable stratification of the air above the sea to stable occurs from March through April. In this case the northern shallow part of the Caspian sea is least lagging (in March its main part is characterized by stable stratification due to rapid heating of the water on the shoals). Transition to stable stratification in the South and Middle Caspian occurs with a certain delay as compared to the North Caspian. Conditons of neutral stratification appear already in March in individual regions of the Middle Caspian. The air is stable stratified for the longest time over the Middle Caspian (from Appril through June). The values of L in this period here vary approximately from 20 to 100 m. Transition to stable stratification on the Middle Caspian, as already mentioned, occurs in Appril and on the South Caspian in May. In May and June exchange of the northern and southern parts of the sea with the atmosphere occurs under conditions of weak stability (with the exception of the southernmost part of sea, where instability is rather large, reaches values of 20 m). In August the marine surface layer of the air above the middle part of the sea passes into an unstable stratified regime, but this does not pertain to the eastern coastal zone, where in August conditions of stable stratification are observed. We note also that in July anomalously high stability (L reaches values of about 15 m.) is observed along the eastern coast. This, in particular, means that in the Middle Caspian from July through September a decrease of evaporation and increase of positive turbulent heat flux should be expected.

The anomalous behavior of scale L in July-September along the eastern coast of the Middle Caspian is evidently related to the occurrence here of a negative water-temperature anomaly. This anomaly extends 60-80 km. into the sea. Its formation is related to the effect of offshore wind and it does not occur every summer. An analysis of the variability of L showed that the appearance of cold waters here can occur not only in summer, but also in September. On the whole, an analysis of the variability of L over the area of the sea  indicates the possibility of the occurrence of clearly inhomogeneous fields of evaporation and heat exchange.

An investigation of the coefficient of heat and moisture exchange showed that it also is markedly variable ( CT,e varies by 4-5 times) both in time and in space. As could be expected, the fields   of CT,e correlate well with the fields of L. In particular, a substantial decrease of the values of CT,e in the spring-summer period in the Middle Caspian (CT,e<1.0*10-3) and occurrence of large values of CT,e (about 2*10-3 ) in the fall-winter months in the South and Middle Caspian are clearly traced.

The charts of total (latent and sensible) heat exchange  IE+HT and evaporation E (see Panin, 1986, 1987) indicate considerable spatial and temporal variability of these quantities. Intense heat and moisture exchange is observed in the winter in the Middle and South Caspian (total heat exchange of the order of 100 W / m2 ) with a regular increase of IE+HT and E from the west to east (from 100 W / m , 60 mm/month to 150-170W /m2 , 100 mm/month). In April the region of the most intense evaporation and heat exchange moves to the North Caspian, and a certain increase of IE+HT and E can be noted also in the South Caspian. The most pronounced difference of exchange with the atmosphere of the North Caspian from the Middle and South Caspian appears in May (in the Middle and South Caspian IE+HT =20 - 50W / m2, E = 20 - 40 mm / month,  in the North Caspian IE+HT =100W/m2, E= 120 mm /month ) As a result this should lead to some excess of the water level of the Middle Caspian over the South and North Caspian, which in the spring can generate the occurrence of a constant component (trend) in the field of curents related to spreading of water from the North Caspian partially southward but mainly to the north of the sea.

The noted asynchronism in heat and moisture exchange of different parts of the sea with the atmosphere can evidently be explained by the fact that the shallow North Caspian is rapidly heated (the water temperature here is 4-5 C higher than in the Middle Caspian) and above it is formed an unstably stratified marine surface layer, which together with the somewhat increased wind speeds leads to a noticeable increase of heat and moisture exchange compared with the Middle Caspian. This difference between the Middle and North and also between the Middle and South Caspian lasts all summer, but its contrast gradually decreases. In September the differences in exchange with the marine surface layer of the North and Middle Caspian practically disappear (mainly due to some decrease in the intensity of exchange in the North and simultaneous increase in the Middle Caspian), but between the Middle and South Caspian it considerably increases (in middle part of the South Caspian the intensity of heat and moisture exchange is about 1.5 times greater than in the Middle Caspian). In June along the eastern coast of the Middle Caspian a region of anomalously low evaporation and heat exchange (IE+HT = 40W / m2, E = 30 mm / month) forms, which intensifies in August. The occurrence of this anomaly, as was mentioned above, coincides in time with the emergence of cold water to the surface. In September the anomaly noticeably weakens, but its existence appears both on the charts of E and on the charts of IE+HT. At the same time a region of increased heat and mass exchange is formed in the western and middle parts of the South Caspian, which in October already practically decays, although its effect is traced on charts of the water surface temperature. In October-November the field of IE+HT and E on the whole are characterized by homogeneity. The differences in the intensity of exchange beween the three parts of the sea and the atmosphere at this time are insignificant. In particular, this is noted for the field of water temperature (Panin, 1986, 1987), although one can speak about a certain increase of evaporation and heat exchange on advancing from the north of the sea to the south. In November a tendency toward an increase of evaporation and heat exchange from the west to the east (especially in the South Caspian) can already be noted against the background of general homogeneity of the fields of IE+HT and E. The winter pattern is established in December, the distinctive feature of which is a regular increase of the intensity of heat and mass exchange from the west to the east.

Thus an analysis of the fields of IE+HT and E shows that the interaction of the sea with the atmosphere is distinguished by substantial inhomogeneity, which markedly varies from season to season. The anomalously high exchange of heat and moisture in the winter along the eastern coast of the sea, especially in the middle part, seemingly compensates the anomalously low exchange of heat and moisture in approximately the same region in the summer (although the winter increase is greater than the summer decrease).

In the sprin-summer period the sea is divided according to intensity of exchange into three parts (northern, middle, and southern), which interact with the atmosphere as if independently of one another (at least at this time one can speak about a change in the intensity of exchange latitudinally). Reorganization from the winter (longitudinal) change in the intensity of exchange to the summer (latitudinal) occurs mainly in March. The opposite reorganization to the winter pattern of exchange is observed in November. On the whole, one can speak about three patterns of interacting of the Caspian Sea with the atmosphere: winter (with localization of anomalously high exchange in the eastern part of the Middle Caspian), spring-summer (with localization of intense exchange in the North Caspian in the spring and summer, in the South Caspian in the summer and in early fall, and an anomalous decrease of exchange along the eastern coast of the Middle Caspian), and transitional - fall (with a uniform distribution of IE+HT and E over the area of the entire sea). The fields of IE+HT and E agrees well with one another, which indicates a decisive role of E in thermal interaction of the sea with the atmosphere.

The Bowen ratio Bo, characterizing, as is known, the ratio of the forces of sensible and latent heat fluxes (Bo = IE+HT), also noticeably varies in space. Variation of the value and sign of the Bowen ratio is largely related to the season of the year. It is important to note that from September through April the entire area of the sea is characterized by positive Bo values (the exceptions are the North Caspian in March and the Middle Caspian in April, where Bo changes sign), which increase from about 0.05 in September, reach maximum values of about 0.5 in the winter, and by spring gradually decrease to about 0.1. The occurrence of negative Bo values in the North Caspian in March and in the Middle Caspian in April agrees with the field of L. The Bowen ratio in the North Caspian, just as L, already in April becomes positive, but small (about 0.05) and remains such during the entire summer. Small positive Bo values also dominate in the summer in the South Caspian (although in its middle part small negative Bo values can be noted). The region of negative Bo values regularly exists from April through August in the Middle Caspian. The Bo ratio here reaches large negative values in May (about -0.5) and then gradually decreases to about -0.05 in August.

2.2. Temporal variability of evaporation and   hydrometeorological characteristics of the Caspian Sea.

It is determined ( Budyko, 1972 ) that if annual increments in the Caspian Sea level were independent, the whole amplitude of level fluctuations for the last decade could be explained by the totality of stochastic non-correlated values.   Later ( Golitsyn and Panin, 1989, Rodionov, 1989 ), it was shown, that annual increments in the Caspian Sea level were not independent from  each other. The account of this autocorrelation can bring about the conclusion, that the greater part of the fluctuation's amplitude is caused by changes in hydrometeorological characteristics, determining the values of water balance components ( or, in other words, by climate changes).

Present-day investigations of the modem changes in the Caspian Sea level often attribute to more or less long-term natural climate variations, as well as to increased human impact on the sea. The authors of such studies usually investigate level changes in connection with the main water balance components ( total runoff, evaporation from unit surface area, precipitation per unit area) and with variable sea surface area. Values of runoff, precipitation and evaporation are used for the forecast, and in order to calculate possible evaporation from the sea surface, the difference between evaporation and deficit of air humidity for the saturated air is taken.   The   latter is determined,   knowing water temperature   or approximately, using the known value of air temperature.

It is shown in present paper, that foregoing point of view cannot be considered absolutely correct, since in the case other hydrometeorological characteristics (determining the evaporation from the sea surface) are adopted non-changing with the time, while this fact is not confirmed by the analysis of observation data.

It is stated (Golitsyn and Panin, 1989, Panin et al., 1991 ), that the temporal dynamics of intensity of the evaporation from the Caspian Sea surface manifests directed long-period changes. Naturally, the question arises: "Changes in what hydrometeorological characteristics can bring about such trends?". Basing on the evaporation dependence upon the wind velocity, values of absolute air humidity at the water surface and at height of observation (see part 2.1) respectively, it was shown, that in order to describe long-term ( of an order of several decades ) changes of water surface temperature, air temperature and absolute humidity at the coastal and  island  stations  of the  Caspian   Sea, a first-order autoregression model (with the regression parameter being equal to 0.2 -0.4) can be quite suitable (Panin et al., 1991, Panin et al., 1993).

The following technique was used for a quantitative evaluation of directed long-term changes (trends) in the hydrometeorological characteristics.

First,the linear trend coefficient was calculated for the whole time series and the trend's significance was estimated using the Fisher criterion for 95 % and 99 % levels of significance.

Then, the temporal dynamics was approximated by a piecewise-linear trend. Since the length of realizations did not exceed 27 - 30 years in most cases, the approximation was implemented by two or three pieces with an assigned minimal length of 4 years. Thus, in this case we can speak about the orientation to the variability scale with the period of 7-8 years.

The investigated time series was divided into two-three periods of time by all possible means, in each case the total remaining sum of squares was calculated by means of a simple addition of remaining square's sums for every piece. The remaining sum of squares is the difference between the total variation of the process and the variation, provided by the trend. The criterion of selecting optimum variant of dividing into pieces was the minimum of remaining sum of squares.

In addition to the trend's coefficients, the input of variation, caused by the trend, into the total variation was calculated for every time interval, that had been singled out. This input is expressed numerically as the determination coefficient. Then the significance of the trend was estimated using the Fisher criterion with the two levels of significance, mentioned above.

The technique  of the  temporal dynamics'  approximation by  a piecewise-linear trend, described here, often brings about the results, that can hardly be interpreted. But, undoubtedly, it allows us to reveal the general regularity of the process, and (which is most important ) to determine "point of twist" in this process.

This technique was primarily used to analyze long-term changes in the above hydrometeorological characteristics at 18 coastal and island stations of the Caspian Sea. It turned out, that statistically significant linear trends for 1960 - 1987 ( and at some stations - also for 1920 - 1987 ) have never been revealed -either for water surface temperature or for air temperature and absolute humidity. This fact does not contradict the results, obtained earlier. Thus for the air temperature there is an inconsiderable negative trend at most of the stations, but this trend is statistically irrelevant. For the water surface temperature a statistically significant negative trend was observed only at the Siazan station. For other stations directed changes in the water temperature turned out to be statistically insignificant. The same thing was true for long-term changes in the absolute air humidity at the all Caspian Sea stations, except of the station on the Peshnoy Island, where a negative trend was observed for 1960 - 1987. In the long-term fluctuations of these characteristics, the input of the variation of directed changes in the total variation of process turned out to be too small to speak about actual trends. However, such trends were observed for the characteristics of interaction, in particular, evaporation (Golitsyn and Panin, 1989, Golubev et al, 1989 ). In this connection, special attention was paid to a characteristic, which is often considered stationary in the scale of about several decades. This characteristic is the average wind velocity at the water surface. Its fluctuations were determined quantitatively for 18 stations of the Caspian Sea. The preliminary analysis of the factual materials (the plots ) allowed us to reject some of them. As a result the following data were completely excluded from the further analysis ( they turned out unsuitable ): the data from the Makhachkala station - for the whole observation period, and the data from the Peshnoy Island - for a period up to 1965. The calculations of quantitative estimations of directed long-term changes in the wind velocity showed, that for the most of the stations a negative statistically relevant linear trend was typical for a period of 1960 -1987 the average value of this trend was 0.41 m/s/10 years, and if we neglect the Makhachkala data, the value of this trend will be 0.38 m/s/10 years, with the average coefficient of determination being equal to 0.41. At the stations Izberg, Baku, Neftianye Kamni, Kuuli-Majak the general linear trend for the above time period is positive. But it is statistically irrelevant, both at a 99, and 95 % levels. This stations are located in the central and south-eastern part of the Caspian Sea; they seem to have regional peculiarities in their atmospheric circulation. Not denying the importance of the above estimates, we should say, that the trends' estimates for certain time intervals are very important. The calculations showed, that the second time interval was the longest one, and for this period the input of the trends' variation into total variation of the process was the most important one.

In order to analyze in detail the temporal dynamics of the wind velocity, anomalies of the average annual values of the wind velocity were calculated and their standardization over corresponding mean-square deviation were   implemented.    This procedure is necessitated by the considerable scatter in the wind velocity values and their variations at different stations.

In the presented temporal dynamics of the standardized anomalies in the mean-annual values of wind velocity, averaged over 17 Caspian stations ( except the data from the Makhachkala station ), three periods can be singled out. The first one is the period of positive anomalies ( up to 1971 ). The second one is the transitive period with anomalies close to zero ( 1972 -1978 ), and the third one is the period of negative anomalies, which begins in 1979. This pattern can manifest itself clearer, if we exclude from the averaging the data from the 4 stations, mentioned above, with the general statistically insignificant positive trend, and the data from Izberg station, where the general trend ( though negative ) is not statistically significant either. The existence of long periods with positive and negative anomalies in wind velocity values is in good agreement with the temporal dynamics of the total evaporation, given at ( Golitsyn and Panin, 1989, Golubev et al, 1989).

In order to confirm the hypothesis on the determining role of corected changes in the wind velocity in long-term dynamics of the evaporation from the Caspian surface, the following work was carried out. First, data on the values of evaporation from 16 hydrometeostations in the Caspian basin were analyzed in evaporators for the warm season of the year. The technique, described above, was used for this analysis. Then we managed to collect the information about wind velocity for 1961 - 1985 from 7 stations of foregoing ones. The results of these works show, that practically for all the stations the trend for the whole observation period is negative, and at most of the stations is relevant at a 95 % level for evaporation values, and at a 99 % level - for the wind velocity values. On the average, at the Caspian stations, the evaporation was decreasing at a rate of 86 mm/10 years, and the wind velocity was decreasing at a rate of 0.4 m/s/10 years. It should be noted, that the average trend for the Caspian basin stations for the wind velocity practically coincides with the above average trend for 18 coastal and island stations. In this case, the average determination coefficient makes 0.27 for evaporation and 0.40 for wind velocity, which is in good agreement with general physical ideas on the mechanism of evaporation from water surface. While considering the temporal dynamics of the averaged evaporation values for 7 stations we find, that positive values of evaporation anomalies are typical for the period before the year 1972, whereas negative values of the evaporations are typical for the period after the year 1975. Similar temporal dynamics can be observed for the standardized anomalies of mean-annual wind velocity values, averaged over the data from 7 station. Coordinated (on the first approximation ) behavior of the curves with regards to zero axis with a shift of 2 - 3 years can be observed.

The following regularities can be deduced from the results, described above.

Investigated data on long-term temporal dynamics the evaporation from the Caspian Sea surface, as well as the analysis of the data from the evaporators at the Caspian basin stations testify to the existence of a close cause-effect relation between directed changes in mean-annual values of the wind velocity and the intensity of the evaporation from the water surface for the last several decades.

Present-day variations in the Caspian Sea level can be connected via one of the most important water balance component -evaporation - with changes in thermal conditions at the air-water interface, as well as with long-term directed changes in the wind velocity over the sea surface, resulting from changes in the pattern of atmospheric circulation. This fact is very important and should be taken into account both while investigating the physical mechanism of the Caspian level regime formation for the last several decades, and while trying to estimate the level regime in the near future.

2.3. Temporal-spatial variability of the precipitation in the Caspian Sea basin.

To study the changes in circulation conditions and their influence on long-term fluctuations of precipitation, we used the classification of atmospheric circulation processes proposed by Vangengeim and Girs and based on the development of three forms of the general circulation: western (W), eastern (E), and meridional (C), (Chemova, 1997). To verify this supposition, we processed and analyzed the series of seasonal precipitation (1891-1990) for 26 stations located in the drainage basin and coastal zone of the Caspian Sea.

The specific feature of the spring season is the alternation of processes E and C in different epochs. Since these two circulation forms inversely influence precipitation over most of the area considered, the spatial distribution of the sign of deviation of precipitation amount ( here, relative to precipitation of the pevious epoch) changes similarly from epoch to epoch. During the periods of predominance of the form E (1930-1940, 1952-1963, and 1975-1990), precipitation was more abundant in the western part of the basin, whereas in periods of the prevailing form C (1942-1951 and 1963-1974), in the eastern one. In this case, the conventional boundary dividing the influence areas of the circulation types E and C varied in the longitudinal direction. Strong variability inherent in spring synoptic processes was not favourable for the development of any definite trends in the long-term variations of spring precipitation. It may be noticed that the most favourable spring conditions in the Volga Basin occurred under the combination of processes E and C (1952-1963 and 1975-1990), and in the Ural Basin, under the processes of type C (1941-1951 and 1963-1974). The Caspian coastal zone is remarkable for heterogeneous spatial distribution of precipitation under any circulation forms.

The summer period is remarkable for strong variability of the spatial distribution of precipitation from epoch to epoch despite the predominance of type E circulation through the entire period considered (except 1941-1951). The pattern resemblance of summer precipitation in 1930-1940 and 1963-1974 (type E ), as well as in 1941-1952 and 1975-1990 (types C and E), is noticeable. In the first case, precipitation decreases in the basin of the Volga and increases in the coastal zone of the Caspian Sea, and in the second case, the pattern is inverse. The conditional boundary between the areas with opposite signs of precipitation anomalies lies on the line of the Kursk-Emba River. The first two circulation epochs correspond to the periods of warming in the Artic Regions, and the two other, to the periods of cooling there.

In fall, similar to winter, the processes of type C prevail. However, the response of fall precipitation to this circulation form differs from the response of winter precipitation, since the fall processes, being transitive from summer to winter ones, retain some of the global summer features. Nevertheless, steady positive trends in the long-term variations of precipitation are observed in individual areas of the Volga Basin (due to strengthening of the zonal type processes) and in the southern part of the Caspian coastal zone (due to strengthening of the C processes); negative precipitation anomalies are typical for the Ural Basin (due to strengthening of the continental eastern invasions). In the Lower Volga Basin and on the northern coast of the Caspian Sea, negative anomalies of precipitation prevailed until the mid-1960s, when they changed to positive ones.

Analysis of the spatial distribution of the sign of anomalies of annual precipitation under atmospheric processes of different types allows us to make the folowing conclusions:

In 1960-1990, positive trends in precipitation amount were observed over most of the Caspian Basin; in 1975-1990, they strengthened and became significant. At the same time, in the Volga Basin, precipitation increased in winter and in summer, and over the Caspian coast, in winter and in fall. The occurrence of steady negative trends in variations of precipitation in the Ural Basin and the adjacent area of the Caspian coast is due to the decreasing frequency of type C processes.

3. Proposals for further research.

3.1. Development of method of evaporation determination for shallow waters.

Our investigations have shown that present Caspian Sea level changes only to 90% should be explained by corresponding changes of the water balance components (Golitsyn,Panin, 1989). We see the refinement of the water balance in development of determining methodics of evaporation from the shallow northern part of the Caspian Sea. Our new research allowed us to take into account direct influence of the basin's depth on the energy-mass exchange processes.

New parametrization of the type ESh = E + E(l + kh / H) are suggested, ESh, where E - evaporation of shallow and deep sea, h-waves' height, H-sea depth, k -empirical coefficient.

Based on our new experimental researches and theoretical generalizations a new model of heat-humidity exchange of shallow and coastal waters with the atmosphere will be developed. Using the information on the wind waves recurrence there will be found more realistic values of evaporaion from the northern part of the Caspian Sea.

3.2. Analysis of hydrometeorological parameters' changes and of their causes.

Here it is supposed to develop invetigations of temporal variability of local hydrometeorological characteristics and of their possible connection with global climate changes.

Let us write the system of two equations

dH / dt = RF + PL – EL + GF





Equation 23
dW / dt + AF1 – AF2 ( P – E 





Equation 24
Equation ( 23 ) characterizes the water balance of the closed water body. Equation ( 24) characterizes the region water balance, including water body itself and its basin (E.Rasmuson,1971). In equations: RF- the rive run-off, GF -underground run-off, W- moisture content of atmosphere above basin, AF1, AF2- horizontal moisture fluxes.

Let us assume, as in case of the Caspian Sea, GF ( 0,01 EL , and also that the river run-off is determined mainly by the difference of precipitation and evaporation of the water catch area RF= F(PC - EC). Then we could rewrite the equation (23) in form:

dH / dt ( F(PC - EC)+ PL – EL ( PC - EC + PL – EL


Equation 25
At  P = PC + PL; E = EC + EL  we rewrite equation (25) in form:

dH / dt ( P-E                                         




Equation 26
Comparing equations (24) and (25) we obtain that the water level change may be determined in form:

dH / dt ( dW / dt + AF1 – AF2





Equation 27
From (27), in particular, it follows that the water level change essentially depends on horizontal transfer of the air mass, direction of their transport. Thus, the accomplished analysis in combination with the revealed by us trend of the wind velocity value gives us a basis to assume the possibility of existence of certain trends and the wind direction changes in environments of the Caspian Sea. Clarifying these circumstances is a primary task of new investigations for finding out the causes of the Caspian basin evaporation and precipitation changes and the Caspian Sea level.
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List of Symbols

ROMAN LETTERS

a

absolute humidity of air

B0

Bowen ratio

c0

velocity of waves

CU

drag coefficient

CT

coefficient of heat exchange

CE

coefficient of evaporation

cp

specific heat of air at constant pressure

cv

specific heat of air at constant volume

E

evaporation

e

partial pressure of water vapor

IE

latent vertical heat flux

FU, FT, Fq  
nondimensional universal functions

g

gravity acceleration

H

depth of a water body

hT

vertical sensible heat flux

hS

thickness scale of roughness

hV

thickness scale of viscous sublayer

L

Obukhov scale

z/L

Monin-Obukhov parameter

p

atmospheric pressure

Pr

Prandtl number

q

specific humidity of air

q~

specific humidity scale

qm

maximal specific humidity of air at temperature of underlying surface and     
 

atmosphere pressure

ReS

Reynolds number of surface

Ri

Richardson number

Rf

dynamic number of Richardson

t

time

T

absolute temperature

T*

temperature scale

TZ

temperature of air at the height z

TS

temperature of the water surface

TV

virtual temperature

u

velocity component in x-direction

u*                
velocity scale (friction velocity)

v               
velocity component in y-direction

w               
vertical velocity

x, y,            
horizontal coordinates

Z 
            vertical coordinate

Z0              
roughness parameters of underlying surface relative to wind velocity

ZU, ZT, Zq 
heights of measurements of wind velocity,temperature and humidity  
 

respectively

GREEK LETTERS

β              
buoyancy parameter relative to temperature

δ              
thickness of boundary layer

ρ                
density

(             
Von Karman constant

μ             
kinematic viscosity coefficient

μT           
coefficient of moleqular thermal diffusivity

μq              
coefficient of moleqular diffusion

π

mathematical number (w 3.14)

ν

viscosity coefficient

Χq, ΧT           
molecular diffusivity of water vapour and heat conductivity
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