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Evaporation from the Caspian Sea surface and its long-term variability

The free-water-surface evaporation is a main discharge component of the sea water balance. Multiannual series of evaporation values are need to reveal a reasons of the Sea water level variations as well as to develop methods for this variations predicting.

Since at present reliable techniques for evaporation measurements are not available, two general calculating methods for the multiannual evaporation amount series esti​mating are used.

· Evaporation estimating as a sea water balance residual component

· Evaporation estimating with various semi-empirical relationships. Both have some advantages and shortages.

The former is proved if all main water balance components determinations are reli​able and independent. This requirement is meeted in the case of the Caspian Sea, where long-term instrumental observing is being completed including water level, water discharge of all main inflowing streams. Also there is extensive meteorological network on the Sea cost and islands with observation of rainfall and water discharge from Sea to Kara-Bogas-Gol bay. In our opinion, available among publications hy​pothesis about either significant ground-water inflow to the Sea, or molecular water entering as a result of contract stress in some thickness and folded structures, are be​neath criticism.

With special studying is established [42,25,37,26] that every year to the Sea enters groundwater as much as 3-5 cub.km or 1.0-1.7% from total rifer inflow to the Sea. Therefore, groundwater component is negligible in comparison with other water bal​ance components and cannot significantly impact on the evaporation value estimated with water balance equation.

Annual data of evaporation depth from the Caspian Sea we calculated as water bal​ance residual component for period from 1880 to 1995 [5,52]. This data was further applicated in multiannual dynamics studying for statistical characteristics determing and reasons of the Sea level variation revealing.

At the same time, note should be taken of evaporation values estimated with water balance equation contain errors of all water balance components determination.

To examine this evaporation values and to analyze its dependence from natural hy-drometeorologic factors, as well as to analyze a discrepency of the Caspian Sea water balance as a result ofindependencial water balance elements determination, we cal​culated an evaporation amounts with series of empirical equations relating to diffu​sion methods of evaporation determination. Review of evaporation computing routing outlines used in the case of the Caspian Sea are given in ref. [16,40,33].

Notably, it is required detail information on space-time distribution over Sea aqua-tory ofhydrometeorological factors controlling the free-water-surface evaporation in order to realise this approach. Such information is not available fairly. Also it will be considered that applied semi-empirical relationships not quiye adequately describe real process of water exchange between sea surface and atmosphere.

Considering the aforesaid, in the SHI are used simultaneously long-term series of evaporation data obtained from water balance equation and calculated with semi-empirical relationships in order to study the Caspian Sea water level variations rea​sons as well as to develop methods of its prediction. We used evaporation data series ofSOl [15,47] for period 1900-1996 calculated with equation.

E = 325.7 (e0-eZ)UZ / (In*z – In*z0) 
 


(1), where

E - monthly evaporation value (mm); e0 - maximal water vapour pressure under water surface temperature (mb), eZ - water vapour pressure at the altitude z; u - wind veloc​ity (m/sec) at the altitude z; z0 - roughness parameter (sm).

In*z = Inz + (z +  ((*z)n / 2*2! + …+ ((*z)n / n*n!

(2) 

The coefficient describes the influence of atmosphere temperature stratification on evaporation rate and depends on relationship

n = tвод. – tвозд. / U2Z  

 



(3), where

tвод and tвозд - water and air temperature,respectively.

The altitude z is considered equal to 10 m. Ice cover availability is considered for maximal ware vapour pressure calculation. Roughness parameter z is considered equal to 0.06 sm.

Detail evaporation series calculation chart is presented in ref.[47].

Long-term average evaporation depth from the Caspian Sea surface was evaluated as 975 mm on the basis of equation (1). Thus, evaporation estimations calculated with independence approaches are coincide actually. Panin [40] in the Water Problems In​stitute estimated the evaporation rate as 963 mm.

However, the studying of the Sea level variation reasons and distinguishing of natu​ral and man-made components in those requires not only long-term average value, but also long-term evaporation dynamics analysis, tspecially analysis of global climate warming impact on long-term evaporation variability during last decades.

Fig. 1 presents evaporation from Sea surface data characterizing long-term dynamics of annual amounts obtained with two independence methods. The following main features of long-term evaporation fluctuation claim attention: from beginning of cen​tury to 40s we see sustainable tendency of evaporation rising and then trend became negative. Once more we especially underline the conclusion is made on the basis of evaporation data series obtained with water balance equation as well as with method of calculation using hydrometeorological data (water and air temperature, air mois​ture, wind velocity). The same tendence of evaporation decreasing during last 30-40 years has been found also in studying with improved method of the sea surface and atmosphere moisture exchange evaluation [11,18,39].

In our opinion, this testify the reality of revealed trends of the Caspian Sea evapora​tion depth long-term fluctuation.

In the SHI last decades was performed research on dynamics of free-water-surface evaporation in various regions of the Russia by Golubev V.S and co-workers [12-14]. Its results demonstrated the same. In the work [12] was used observed evaporation data of the Hydrometeorological service USSR special water evaporation network from 1952. Network observing is carried out with universal methodic by evaporators GGI-3000. Measured evaporation values are sufficient exact as a complex integral index characterizing resulting warm-misture exchange between standard water surface and atmosphere. In author's opinion [12] this index may be more sensitive to climate change than the potential evaporation evaluated for hypothetic surface with limited set ofmeteoelements which» naturally, cannot reflect adequately all complexity of evapo​rating surface and atmosphere interaction. Interannual, annual and seasonal (warming period) of free-water-surface total evaporation normal anomalies was examined. Fig. 2 shows normal anomalies dynamics during warming period for the northern and south​ern parts of the former USSR European territory [12]. It will be seen a significant de​creasing of evaporation during period under studying. Thus, revealed for Caspean Sea surface tendence of evaporation depth reducing is characteristic of more extensive region.

Studying of the Caspian basin particular parts are the additional confirming of ob​served evaporation lowing tendence. In the case of Kura basin 26 points water evapo​rator data was analysed [14] and a negative trend of free-water-surface evaporation was revealed. Average figure for period 1970-85 was found as 12% lower than for period 1959-69.

Analysis of long-term free-water-surface evaporation series in the boundary of Volga-Akhtuba flood plain and delta revealed the same conclusions. Evaporation depth in the Volga delta for 1981-90 period was lower by 116 mm or 11% than for 1952.60 period.

All above mentioned proves the truth of revealed trends in the free-water-surface fluctuations. Problem is a reasons of this fenomen. Examining of current publications on climate factor dynamics in the regions under studying permits to conclude that evaporation lowing is in relation with wind activity characteristics and with total sun radiation decreasing.

Possible reasons of directed evaporation change are the followings. 

1. Wind velocity. 

Statistically significant negative trend about 40 m/sec for the 10-years period was revealed on the basis ofhydrometeorological data series from 18 cost and island stations from 1960 to 1987. At the same time it was not founded a statistical significant trends in the water and air temperature change as well as in the air mois​ture. Wind velocity decreasing during 60s-80s years was observed not only in the Caspean Sea region but in the north of Russia European part [18]. Authors concluded that wind velocity decreasing is the main reason of the evaporation rate lowing from the Caspean Sea surface.

2. Radiation factors.

Along the lowing wind component it is named the radiation fac​tors as a possible reason that evaporation was decreased [12]. It is noted the total ra​diation as well as direct radiation was decreasing at the cloud-free time [41]. In the case of Kura basin studying [14] this fact was confirmed: the negative line trend of total radiation income was observed at the stations with long-term observing from middle 50s to middle 80s.

At the same time it is necessary to consider that data on observed total radiation in​come is absolutely insufficient for finish conclusions.

Data on total and lower cloudness dynamics may be used as indirect indicator of the radiation income. In the former USSR european territory at 1967-90 took place a ten​dence of total cloudness increasing, particularly it was notable at warm periods [22,23]. Thus, it may consider about an agreement of various authors conclusions on total radiation income lowing tendence and total cloudness increasing tendence at last decades.
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For the more detail studying we attracted mean monthly water and air temperature values, mean monthly air absolute and relative moisture and moisture deficit, wind velocity as well as total and lower cloudness at the cost and islands meteostations with more long-term observation. It was used 10 stations data.

Above listed elements dynamics was examined for annual and seasonal periods separately. Fig. 3 shows an example of this parameters multiannual variation during warm periods. Results of analysis confirmed former obtained conclusions [11,39] on wind velocity long-term lowing tendence for Caspean region.

As follows from given data (fig. 3) wind velocity lowing tendence has been evidence from early 50s, was saving up to middle 90s. It is attributed to warm as well as to cold periods.

Directed tendences of other factors changing are less expressed. But the direction of these tendences allow to say that wind activity lowing, probably, is not only evapora​tion decreasing reason.

Analysis of long-term meteofactors changing allows to construct general picture of its fluctuations during last decades.

For warming period when total free-water-surface evaporation volume is more than 80% from annual it may consider that hydrometeoparameters under studying variated accordingly. This agreement, on our opinion, is expressed by the followings.

· Total and lower cloudness increasing last decades from end 70s caused total ra​diation income decreasing and as a result water and air temperature lowing at the warming period. This, in one's turn, caused the air moisture increasing and moisture deficite increasing, respectively. Therefore, we can see that not only wind activity but the other factors consented changing features impacted on the evaporation rate. Although, as we noted, other factors changing trends are statis​tically insignificant, its increasing or decreasing is absolutely real.

· This is confirmed by the data presented in tabl. 1 and giving a comparative char​acteristics of basic hydrometeorological parameters in the Caspean aquatory for warming periods in the course of level increasing 1978-95 and before. Notably, very significant (21%) lower cloudness amount increasing from 1978 to 1995 in comparison with 1940-77. Accordingly rainfall rised, water and air temperature lowed by 0.3 C. Results of before carried out works [21,22,23] indicated the negative correlation between rainfall and air temperature anomalies for warming period. Above noted features have close agreement with air moisture changing: air moisture increased and its deficit decreased by 13.6%. 

Thus, it may draw conclusions that controlling evaporation rate factors changing tendencies promoted its lowing. One must underline this conclusions is qualitative and to consider as previous. It is required objective quantitative estimating of controlling heat and moisture sea-air interaction hydrometeorological factors role in long-term directed evaporation changing and its prediction approaches developing.
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Fig.3 Long-time meteoelements cycle over the Caspian Sea during the warm
period





Table 1 Changes of the hydro meteorological characteristics for the warm period of the year acceding to the data of costal and islands stations at the Caspian sea

Characteristic

1940-1977

since 1978

D

%


Total cloudiness (intensity)


4.4


4.6


0.2


4.5%



Low cloudiness (intensity)


1.9


2.3


0.4


21.1%



Total precipitation (for the year), mm


132


160


28


21.2%



Air temperature, °C


20.2


19.9


-0.3


-1.5%



Water temperature, °C


19.5


19.2


-0.3


-1.5%



Absolute air humidity, Hpa


16.1


16.5


0.4


2.5%



Air humidity deficit, Hpa


8.1


7.0


-1.1


-13.6%



Relative air humidity, %


62


65


2.4


3.9%



Wind velocity, m/sec


4.9


4.1


-0.8


-16.3%



Long-term rainfall changing in the Volga basin

On the most researchers opinion, inflowing rivers runoff volume is a main factor determing the Caspian Sea water level variations. The Volga runoff forms 82% of total inflow to the Sea. Then it is necessary first at all to study climatic factors long-term variations in the Volga basin in order to reveal the Caspian Sea water level fluctuation reasons.

Kaminsky A.A. [27] was the first who carried out the study on the basis of sufficient facts. He concluded that winter rainfall in the Volga and Ural rivers basin is the main factor con​trolling Sea water level fluctuation. The following fundamental works on this problem were carried out by Zaikov B.D. [24] and Kuzin P.S. [31,32] in the SHI in relation with revealing of the Caspian Sea level catastrophic lowing at 30s years.

Detail analysis ofhydrometeorological conditions in the Caspian basin was carried out in the frame of this studying. Authors persuasively showed that Sea level lowing at 1930-38 has been caused by Volga runoff decreasing due to, first of all, rainfall significant decreasing in basin, particularly winter rainfall as well as evaporation rate increasing as a result of air tem​perature rising.

At the end 70s one discussed the Caspian Sea level lowing to mark 29.00 m abs. - the low​est for all instrumental observation period. Intensive consumptive irrigation wateruse has been considered by many authors to be the main reason of the Volga runoff decreasing. With the object The Volga runoff replenishment and, respectively, the Caspian Sea supporting were carried out projects on northern rivers runoff transfer to Volga basin. But research works in SHI [6] showed low flow period 1971-77 covering really watershed in total was caused in the first place by climatic factors: in this period one observed winter rainfall significant lowing (by 9-10% from annual normal) and air temperature rising, particularly in winter season (tabl.2).

Therefore, the Volga runoff lowing main reason was at 70s years as well as at 30s winter rainfall decreasing. Man-made influence promoted intensification of flow minimum.

Further the Volga basin humidity regime was investigated relative to present rising of the Caspian Sea level. In work carried out by GGO [36] was concluded the reason of the Volga watercontent increasing as well as consequence the Sea level rising to be warming period rainfall increasing. Analysis of rainfall dynamics in the Volga basin was performed in the SHI.

For this purpose GGO rainfall data for period 1891-1973 averaged for individual parts of the Volga basin and prolonged up to 1990 was used, 46 points in total. As a result was estab​lished the Volga river watercontents fluctuation has been caused first of all by rainfall annual amount fluctuation (tabl.3).

It is interesting to compare rainfall amounts for the Volga low flow period 1978-90 with normal rainfall. In course of 30s years was marked annual total rainfall decreasing by 20-70 mm in the Volga flow generating zone (the Upper Volga, Kama, Oka basins). On the con​trary, from the second half of 70s annual total rainfall increased by 40-60 mm in the Volga basin. So large rainfall changing caused the Volga river runoff anomaly and as a result the Sea level sharp changing. In perspective also natural climatic factors will impact decidingly on water balance elements as well as on the drainless Caspian Sea water level. This is a main problem of long-term prediction those.

Last decades rainfall amount positive trend was revealed in the Russia european territory [23], especially large increasing occured in warm season. We obtained the same results for the East-European Plain on the basis of water balance observation network [7,8]. by all sta​tions starting second half of 70s are marked annual total rainfall significant increasing (by 5-15%), especially during summer-autumn. In this work also were revealed some particularities

Table 3 Total Annual Precipitation in the the Zone ofRunoff- Formation of the Volga River

Region


1891-1990


1933 -1940


1978 -1990



Kaiininskaya


595


572


637



Permskaya


547


478


585



Bashkirskaya


473


386


524



Kaluzhskaya


616


632


667



Tulskaya


548


532


608



Kostromskaya


580


534


623



of river runoff generation at present. So it was found that river watercontent increasing during two last decades was caused by minimum runoff increasing due to streamflows groundwater feeding forcing. In one's turn, it is explained by particularities of air humidity and tempera​ture behaviour [7,8].

The Volga basin humidification studies convincingly prove that all its runoff significant anomalies and accordingly the Sea level anomalies was due to rainfall amount income change over the watershed. Of course, man-made influence took place last decades, but climatic factors is determining. This proves results of annual river runoff anthro​pogenic and climatic components evaluation [49-52].

Thus, analysis of rainfall interannual variation in the Volga basin demonstrates availability of long-term periods with either positive or negative anomalies. Accordingly, river watercon​tent increasing or decreasing and as a result the Sea level either rising or lowingoccur. Cli-motologists consider the Volga basin humidity variation was due to macrosynoptic processes named as general circulation of atmosphere [30]. In the Russia the atmosphere circulation forms typification was carried out by Wangengeim G.Ya., Kats A.A.,Dzerdeevsky B.L. [4,9,10,29]. "Circulation epoches" availability was revealed by Girs A.A. [9,10] and by Dzer-deevskyB.L. [28].

In our opinion the most suitable to the analysis of the Volga basinmacrosynoptic conditions is atmosphere circulation forms classification developed by Wagengeim G.Ya. in the SHI for the Russia european territory. General conditions of atmospheric rainfall behaviour typical for three circulation forms -east (E), west (W), meridional 0 and for its nine basic varieties was given in works [9,10,28]. The most important feature is "Atlantic cyclons" transfer over the Volga basinforcing if the west circulation was predominant. At this time rainfall is over nor​mal. If the east forms of atmospheric circulation was predominant the high ridge settled over the Volga basin and rainfall deficit occured. By meridional form the high hollow extended over the Volga basin, air masses transfer from north-west to south-east was predominant and rainfall negative anomalies was observed frequently. However, there are numerious varieties of atmosphere circulation forms when the Volga basin humidity behaviour is not simple.

Therefore may consider the Volga watercontent variation and the Sea level sharp changing to be due to atmosphere circulation form. The main conclusions are: the Volga runoff and the Caspian level positive anomalies are observed if cyclonic circulation regime was predominant (1978-95) and negative - at the time ofanticyclonic circulation (30s, 1971-77).

Atmosphere circulation form change reasons are the main problem for developing of the Sea level long-term prediction methods. Prediction of this forms developing in future may allow to predict rainfall and runoff in the Volga basin. But in our opinion, such theory at present not available. In this connection atmosphere circulation prognosis are carried out on the basis of so named "method of analogies". Girs A.A. [10] considered method of analogies "...is not good because atmospheric processes in the past not always save the analogy at future.'9 Drozdov O.A. concluded thesame: "It is difficult to use past regimes studying for present as well as future humidity conditions prediction because particular conditions of every process realization is impossible to consider. Experience shows significant discrepency between ex​pected and real humidity conditions." [20].

At the same time at present some hypothesis is suggested for circulation epoches changing reasons explaining. In the work [18] is showed that directed changing periods of atmosphere circulation meridional forms © frequency had a good correlation with the Earth rotation ve​locity changing. The same results were presented in works [44-46].

In Babkin V.I. opinion wet years in the Volga basin is observed more often when longtitu-dinal and latitudinal shifting of Island depression and Azor maximum took place. It occurs at time of sun activity rising and the Moon tidal force potential longing; and dry years - quite the reverse.

Availability of depending on 11-years sun activity cycle components in the atmospheric circulation as well as in the Volga runoffwas indiced in the works [43,48].Drozdov O.A. [19] indicated that the Caspian Sea level variation for several decades was related with the Arctica temperature and ice regime. When ice conditions in the Arctic was not so severe, in the Cas​pian basin rainfall decreased and summer temperature rised.

By Malinin V.N. [34,35] is considered the Volga runoff long-term variability to be due to the North Atlantic evaporation and rainfall difference. When difference was over normal moisture transfer from ocean to continent is forcing and rainfall over the Volga basin promote river flow increasing. The reverse picture is observed when apparent evaporation in the North Atlantic decreased.

As we see, thereare various opinions on this problem.In our sight, at present level of knowl​edge this opinions may consider as a possible hypothesis.

The most perspective may be using of combined atmosphere and ocean circulation models. Very interesting and giving hopes results are presented in work [I], in which the availability of significant correlation of Sea level variatons, the Volga runoffand rainfall over those wa​tersheds with South Oscillation El-Nino are revealed. This relationship was suported by model experiments.

In near future may be expected climate theory evolution and climate simulation methods developing allow to reach advancing undestanding of water exchange variability natural and anthropogenic reasons in the Caspian basin and more reliable predictions of main water bal​ance components as well as the Sea level.
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