[image: image3.wmf]

Caspian Environment Programme

Facilitating Thematic Advisory Groups in Azerbaijan, Kazakhstan, Russia, & Turkmenistan

Proposal for Improving the Water Balance of the Caspian Sea 

December 1998

Table of Contents

2WATER BALANCE OF THE CASPIAN SEA

1.
River runoff.
6
2.
Atmosphere precipitation.
14
3.
Underground runoff.
19
4.
Evaporation.
20
5.
Runoff to Kara-Boraz-Gol gulf.
23
6.
Average many-years values of water balance.
26
The literature
28
Proposals on researches implementation within the framework of the Caspian Ecological Program
31
Calculation of background (balance) Caspian Sea level change for the nearest and further perspective taking into account water consumption and climate changes in its basin
33
Expected results:
35
1.
Short-term objectives
35
2.
Long-term objectives
35
Creation of the bibliographic Reference book and literature survey on Caspian Sea research problems.
36
Personnel
36
Appendix A
37
APPENDIX B
38
1.
Basic personnel
38



WATER BALANCE OF THE CASPIAN SEA

(level of problem study)
In a history of study of Caspian water balance it is possible to distinguish several stages. The first stage - the end of the past – beginning of current century, - was characterized by the works based on rather limited nature material. To a number of such works it is possible to put proceedings of A.I. Voeykov /6/, who first had considered the reasons of a sea level decrease from the point of view of correlation between separate components of water balance. The second stage is 20-30-å years, during which attempts of definition of various elements of water balance were also undertaken. It differed a little from previous stage, since the technique of these definitions had not essentially changed. Received again characteristics of water balance varied a little and had the character of consecutive figures specification on the base gradually gathered data. Qualitatively new stage represents the works executed in 40s and 50s, and also current researches. B.D. Zaykov /11,13/ has carried out detailed researches of water balance and many-years variability of its basic components, for the first time during the period of tool observations has proved climatic conditionality of sea level decrease, confirming A.I. Voeykov views.

During last decades the various calculation methods for definition of the basic component of sea water balance for annual and monthly periods were developed and specified. Before they were defined rather approximately in most cases. The water balance calculations in 70-80s years were made by S.S. Remizova (from 1847 to 1965), K.I. Smirnova (from 1925 to 1969), S.N. Kritsky, D.V. Korenistovy and D.Ya. Ratkovich (from 1890 to 1969), E.G. Arkhipova (from 1940 to 1970), A.I. Shiklomanov (from 1880 to 1972), V.Yu. Georgievsky (from 1880 to 1977) and others.

These researches of water balance were based on more precise data on the sea morphometry. The values of sea water’s surface inflow and runoff to the Kara-Bogaz-Gol gulf, designed with the help of modern methods, changes of level thickness and underground inflow values were specified.

S.S. Remizova /28/, having analyzed the reasons of the Caspian Sea level fluctuations for some years and for periods of various duration, has confirmed opinion of O.A. Drozdov, T.V. Pokrovskaya and A.V. Shinitnikov about direct connection between sea level fluctuations and fluctuations of climate and general humidity of its basin area. The water balance calculations have explained the reasons of sea level decrease in 30s. S.S. Remizova has entered the values of aeolian and river silting of the sea bottom bed, changes in level thickness, irrevocable sea water takings for economic needs, into the water balance equation.

The components of water balance were defined by E.G. Arkhipova /35, 36/ on the base of specified techniques developed in GOIN, through the independent from each other ways, that has allowed to receive qualitatively new values of evaporation and precipitation. The water balance calculations executed for various parts of the sea have shown, that the fresh waters balance for Middle and Southern Caspian is negative and is compensated by waters inflow from Middle and Northern Caspian correspondingly and only Northern Caspian has the waters surplus.

The interest is represented by K.I. Smirnova calculations, who also has specified the water balance equation by the value of surface inflow, designed with taking into account the transformation of inflow, under the technique of G.P. Kalinin and P.I. Milukov. And in evaporation calculations she also took into account stratification of overwater atmosphere layer /35, 36/. Calculations of annual water balance values included the average many-years values of sea level thickness changes made on the base of the nature data.

In work of S.N. Kritsky, D.V. Korenistov and D.Ya. Ratkovich /19/ the analysis of the Caspian Sea water balance on typical periods and calendar decades wass carried out. High sea levels in 1830-1932 and sudden decrease in 1944-1940, as it was marked in work, can be completely explained by fluctuations of the natural hydrometeorological factors, rivers runoff, precipitation regime, evaporation from water area of the sea.

I.A. Shiklomanov and V.Yu. Georgievsky /7, 38/ water balance calculations have determined more reliably main income component of water balance - surface inflow, in comparison with calculations of other authors. I.A. Shiklomanov marked, that the problem of level regime and water balance of the Caspian Sea actually is caused by antropogenic activity, influencing on the reduction of total annual inflow of waters to the sea and its annual distribution. In this connection the character of Caspian level fluctuations during one year also varies.

In spite of the fact that the listed researches of water balance were based on the specified values of morphometry, surface inflow and sea waters runoff to gulf and many other characteristics, during last years there were evident changes in the sea regime. In 1980 the sea waters runoff to Kara-Bogaz-Gol gulf was stopped, since 1985 through provisional water admission structure approximately 1,6 km3 of water flew to gulf annually. R.V. Nikolaeva carried out the specification of morphometrical characteristics of the sea /16/, that can affect considerably the precision of definition of water balance components. A number of works /7, 19, 38/ had not studied the interannual variability of the main charge component of water balance - evaporation, which was considered as the residual member of water balance. Therefore this value included all inaccuracies and mistakes of calculations of other water balance component.

Specificity of actual period is significant regulation of the river runoff flowing to the sea. In this connection the study of water balance is directly connected with assessment of antropogenic factor role in variability of separate elements of water balance. The increase of the Caspian Sea level, which has begun in 1978, has confirmed once again the prevailing climatic conditionality of variability of water balance components and sea level. At the same time the attempts to explain present sea level rise by the tectonic reasons, without any quantitative confirmations, have again resumed. Some researchers try to explain present level rise by underground waters entering to the Caspian Sea in significant scope. Therefore we faced the task to study the many-years variability of sea water balance components in connection with the variability of hydrometeorological regime in the sea basin; to mark out the regularity and to assess the contribution of each water balance component to sea level fluctuations; to study the role of the climate and antropogenic factors in many-years variability of the sea level and its water balance components.

To calculate the Caspian Sea water balance the following equation was used:
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(13)

Where Vc -is total volume of a river runoff, flowing to the sea, with losses for evaporation in rivers’ deltas of the, km3;

Vп -is underground runoff to the sea, km3;

X -is atmosphere precipitation, falling on sea surface, sm;

E -is evaporation or condensation, sm

       Vкбг -is volume of sea water runoff to Kara-Bogaz-Gol gulf km3;

     (Hбал -is a sea level increment, caused by water balance components change, sm

            ( -is sea area, km2.

The average sea level was determined on 4 hydrometeorological stations: Baku, Makhachkala, Fort Shevchenko and Krasnovodsk (table 12, fig. 1). To determine the area and volume of sea waters with different level marks the morphometrical sea characteristic received by R.V. Nikolaeva were used /16/.

The information on the area and volume of the sea /16/ is given in table 11

Table 1 The area and volume of the Caspian Sea

Sea level,

m abs
Area,

kм2
Volume,

kм3
Sea level,

m аbs
Area,

kм2
Volume,

kм3

-24
433 900
79 883
-32
315 672
76 627

-25
419 500
79 457
-33
305 158
76 296

-26
405 100
79 045
-34
295 747
75 980

-27
392 600
78 648
-35
288 298
75 674

-28
376 345
78 081
-36
281 552
75 373

-29
356 178
77 697
-37
276 801
75 077

-30
344 080
77 328
-38
272 370
74 784

-31
330 411
76 971
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The water balance of the Caspian Sea was calculated on the base of hydrometeorological observation made by coastal and island hydrometeorological stations, hydrometric data received on gauging sections of Volga, Ural, Terek, Samura, Sulaka and Kura rivers, morphometric sea characteristics using a number of methods and formulas for calculation of the water balance components.

1. River runoff. 

On the great territory of the Caspian Sea basin occupying the area of about 3,5 mln. km2, the landscape nature, climate conditions and rivers types are rather various. Despite the basin extensiveness, only about 62,6 % of its area are runoff areas, about 26,1 % - are inland areas, and the area of the Caspian Sea itself amounts 11,3 %.

About 85 % of the whole runoff to the Caspian Sea comes from northern region of its basin, where the largest rivers Volga and Ural are. About 160 rivers flow to the sea, but the main runoff volume Volga brings (up to 80 %), Ural (about 5 %), Terek, Sulak, Samur (up to 5 % together), Kura (about 6 %). The runoff of the rivers of Iranian coast, small rivers of Caucasus and other totals 4-5 %.

In the debit part of water balance the surface inflow amounts in average 74-85 %, including Volga runoff share is the average 65 %, therefore sea level fluctuations are widely caused by its variability.

Table 2 Average long-term annual meanings of component  water balance of the Caspian Sea (km3/ cm of a layer)

Period
Average sea level,

M
Rivers’ runoff
Under

Ground runoff
Precipitation
Evaporation
Runoff to Kara-Bogaz-Gol
(Qбал

--------------

(Hбал

1900-1929
-26,18
332,4
4,0
69,8
389,4
21,8
-5,0



82,4
1,0
17,3
96,7
5,4
-1,4

1930-1941
-26,80
268,6
4,0
72,9
394,8
12,4
-61,7



68,3
1,0
18,5
100,4
3,2
-15,8

1942-1969
-28,18
285,4
4,0
74,1
356,3
10,6
-3,4



77,3
1,0
20,0
96,4
2,9
-0,9

1970-1977
-28,64
240,5
4,0
87,6
374,9
7,1
-49,9



66,7
1,0
24,3
103,9
2,0
-13,8

1978-1991
-28,03
310,4
4,0
84,2
347,9
1,7
49,0



82,9
1,0
22,5
92,8
0,4
13,3

1942-1991
-28,21
285,0
4,0
79,9
357,8
7,6
3,5



76,7
1,0
21,6
96,4
2,1
0,9

1900-1991
-27,36
299,6
4,0
76,9
376,8
12,9
-9,2



77,2
1,0
19,8
97,0
3,3
-2,3

Notes:

1. Water balance components:

rivers’ runoff, precipitation, evaporation, runoff to Kara-Bogaz-Gol gulf for a period from 1900 to 1941 were calculated on the data of B.D. Zaykov;

Since 1942 - on the data of GOIN.

2. From 1980 to 1984 the runoff to Kara-Bogaz-Gol gulf was stopped, 

And from 1985 to 1991 about 1,6 km3 of sea water flew to gulf annually 
The total river runoff to the sea was determined on the hydrometric data on gauging sections of the rivers with taking into account the losses and inflow on rivers’ parts from gauging section up to the mouth.

The Volga river charges are measured in Verkhne-Lebyazhye village, where main hydroposts are settled, by which the calculations of runoff to the sea are made: Volga R. - Verkhne-Lebyazhye village, Akhtuba arm - Verkhne-Lebyazhye village, Volga-Akhtubinskaya пойма - Verkhne-Lebyazhye village, situated at the distance of 4 km from top of mouth area, and at the distance of 150-160 km from the delta sea side. The losses of Volga runoff in delta amount on on average about 9 km3 per year for the period from 1940-1991, that corresponds approximately 3 % of average many-years runoff value in the delta top.

Till 1972 gauging section on Ural river was located at the distance of 200 km from, in Topoly village, in entrance to mouth area. Then it was transferred to Makhambet village, situated at 145 km from sea side of delta. The водосбор area of Ural river near Makhambet village is equal to 235 thousand km2. Average many-years value of losses of runoff to delta for period of tool observation (1936 - 1991) amounted 0,4 km3 annually.

Terek river runoff, characterized by large natural fluctuations, has essentially changed during last years. Till 1973 Terek river runoff flew to Kizlyarsky gulf of Northern Caspian through narrow Chakanny channel, since 1973 - directly to Middle Caspian through artificial slit of Agrakhansky peninsula.

At present, Terek river, which charges are measured on the data of hydrological observation by створ in Kargalinskaya village since 1930, flows to the sea through a general arm at open coast. The greatest annual average charge in mouth (гидроствор Alikazgan) occurred in 1933 (370 m3/s, or 11,7 km3), and during last years (1978 - 1991) the runoff has reduced up to 5,8 km3 annually. The runoff losses between Kargalinskaya village and the mouth are equal to about 1 km3 annually.

Sulak river (gauging section is located at the distance of 123 km from a mouth in Miatly settlement) flows to the sea, forming one-arm channel. In 1957 lower than Main Sulak settlement, the river was turned through artificial slit to southeast. River seaside is at depth, in the river mouth there is a sand-bar, behind which the zone of large depths begins. The river is considered among North-Caucasian type of the rivers with a high water in a warm year season (spring-summer) and a low water level in a cold year season – autumn-winter. As the gauging section in Miatly village is located near a mouth it is not necessary to take into account the runoff losses between gauging section and sea.

Measurement of the Samur river charges is made by discharge  side in Usukh village, as the data of hydrological observation reflect its runoff to the sea most completely. Runoff losses between Usukh village and the river mouth are insignificant, therefore they can be not taken into account in calculations.

Kura river flows to the sea through two arms - southeast, through which main part of river runoff (about 95 %) flows to the sea and northeast. The charges are measured by discharge side in Salyany settlement, which is located at distance of 78 km from the mouth area top and at 85 km from sea side of delta.

According to data for 1900-1991, average many-years volume of a total river runoff flowing to the Sea, amounted about 300 km3 annually (table 12). The surface inflow is subject to essential interyears variability.

Ural river is characterized by the greatest interyears runoff variability (CV = 0,59, average many-years runoff for 1936-1991 is 8,2 km3 annually) and runoff of Iranian coast rivers (CV = 0,28, average many-years runoff according to State Hydrological Institute data is about 10 km3 annually). The value of Volga river runoff changed in significant limits: in current century its value changed from 350 km3 (1926) up to 150 km3 in 1973 and 1975. An average many-years runoff for 1900-1991 is 239 km3 per year, (CV = 0,18).

The difference between the maximal and minimal annual surface inflow of river waters to the sea amounts about 260 km3 in current century, that corresponds to sea level change of more than 1 m in conversion to sea water surface.

Annual distribution of surface inflow to the sea almost completely corresponds annual distribution of Volga River runoff, despite the difference in physic-geographical conditions of river basins and numerous specificities of annual runoff course of the individual rivers. In seasonal course of Volga runoff the maximum falls on May - June. During this time 17-26 % of annual inflow volume flow to the sea monthly. The minimum falls on winter months: December - February (table 13).

From the beginning of current century the tendency of reduction of river runoff, flowing to the sea, was marked. A fullwater period observed in the beginning of century (1900-1929), changed to a period of catastrophic low water of Volga and Ural rivers in 1930s. In many-years course of runoff of these rivers the significant synchronism is observed.

Table 3 Annual distribution of Volga river surface inflow (V.Lebyazhye Lake) to the Caspian Sea



I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
Annual

1900-1929
km3
7,8
6,8
7,6
14,9
49,8
65,8
32,0
15,8
13,1
13,2
14,4
10,4
250,6


%
3,1
2,7
3,0
5,9
19,8
26,2
12,8
6,3
5,2
5,3
5,3
4,1
100

1930-1941
km3
6,5
6,3
6,7
12,8
44,9
50,3
23,3
12,0
8,7
9,4
11,2
8,4
200,5


%
3,2
3,2
3,4
6,4
22,5
25,2
11,6
6,0
4,4
4,7
5,6
4,2
100

1942-1969
km3
10,3
11,4
13,6
18,4
51,5
50,1
22,4
14,7
12,7
13,4
13,5
9,3
241,2


%
3,2
4,7
5,6
7,6
21,4
20,8
9,3
6,1
5,3
5,6
5,6
3,8
100

1970-1977
km3
13,6
13,2
15,9
16,0
42,5
28,1
15,0
13,2
11,7
12,0
12,2
14,2
207,6


%
6,6
6,4
7,6
7,7
20,5
13,5
7,2
6,4
5,6
5,8
5,9
6,8
100

1942-1977
km3
11,0
11,8
14,1
17,9
49,5
45,2
20,8
14,4
12,5
13,1
13,2
10,4
233,9


%
4,7
5,0
6,0
7,7
21,2
19,3
8,9
6,2
5,4
5,6
5,6
4,4
100

1978-1991
km3
17,7
17,3
21,2
21,0
49,0
35,0
19,0
16,6
15,3
16,6
18,0
20,0
266,7


%
6,6
6,5
7,9
7,9
18,4
13,0
7,1
6,2
5,7
6,2
6,7
7,5
100

1942-1991
km3
12,9
13,4
16,1
18,8
49,4
42,4
20,3
15,0
13,3
14,1
14,5
13,1
243,3


%
5,3
5,5
6,6
7,7
20,3
17,4
8,3
6,2
5,5
5,8
6,0
5,4
100

1900-1991
km3
10,4
10,3
12,1
16,8
49,0
51,1
24,5
14,9
12,6
13,5
13,7
11,6
240,5


%
4,3
4,3
5,0
7,0
20,4
21,3
10,2
6,2
5,2
5,6
5,7
4,8
100

1881-1991
km3
9,9
9,8
11,4
16,5
48,9
53,7
26,5
15,3
12,8
13,5
13,8
11,9
244,0


%
4,1
4,0
4,7
6,8
20,0
22,0
10,9
6,3
5,2
5,5
5,6
4,9
100

Volga runoff in 1930-1941 has reduced by 50 km3, or 20 % in comparison with a previous period (table 13).

In 1930s the most catastrophic character of low water was marked in the east part of Volga basin - in Kama river basin, which runoff reaches about 50 % of the whole Volga runoff. In basins of Upper Volga and Oka rivers, in western part of Volga basin, low water, caused by sudden reduction of atmosphere precipitation, mainly in autumn and winter, which form the main part of annual river runoff volume, had an effect in a smaller degree. Climate warming, which covered the whole northern hemisphere and reached its maximum in 1930s, is basic reason of surface inflow reduction and the Caspian sea level decrease (table 12).

The basic role in formation of annual runoff variability of the Caspian basin rivers belongs to large-scale atmospheric processes determining climatic variability. In 1940-1950 in the sea basin there was a change of climatic conditions. Processes of atmospheric circulation of meridian type (C), promoting the moisture increase and, therefore, rivers runoff, developed abnormally. It appeared best of all in drainage area parts of Volga basin: Upper Volga, Oka and Kama (table 14). In 1941-1946 Volga runoff was characterized by a rather increased runoff, that has essentially reduced rates of sea level decrease.

In first half of 1970s in Caspian basin hydrologically unfavorable conditions have developed, which were similar to a period of 1930s. Under droughty conditions of 1970s there had been a sudden sea surface level decrease, caused by extreme low water of the rivers, mainly of Volga (tables 13,14). About 240 km3 of river waters annually flew to the sea in 1970-1977, that is far less, than in 1930s. Volga runoff has reduced up to 207 km3 annually, that practically corresponded to its runoff of 1930-1941 and it was 8,5 % less than average many-years norm.

The change of synoptic conditions in the sea basin at the end of 1970s promoted the rivers водность increase, caused by significant growth in atmosphere precipitation in водосборный parts of Volga basin (table 14). That has resulted in significant sea level rise, which has begun in 1978 and lasts till now.

Table 4 Average many-years values of hydrometeorological characteristics of the Caspian basin from 1900 to 1986.

Period
Basins of the rivers


Upper Volga
Oka
Kama


TOC
Q
X
TOC
Q
X
TOC
Q
X

1900-1929
2,8
1190
572
4,0
996
586
2,0
1692
621

1930-1941
3,1
921
546
4,3
820
548
2,1
1379
552

1942-1969
2,8
997
581
4,1
844
515
1,5
1557
595

1970-1977
3,5
742
593
4,9
942
577
2,0
1585
551

1978-1986
3,0
1026
599
4,6
1083
575
1,8
1850
629

1942-1986
3,0
958
586
4,3
905
561
1,7
1675
594

1900-1986
3,0
1033
576
4,2
915
568
1,9
1640
598

The note: TOC - air temperature; Q - water charges, m3/s;

X - atmosphere precipitation fell in basin, mm.

Up to middle of 1950s the regime of the rivers runoff in Caspian basin can be considered as natural, since the reservoirs, constructed in 1930s, didn’t have essential influence. The appreciable antropogenic impact the sea has experienced during last decades. A role of the some factors of antropogenic activity in change of rivers’ hydrological regime in 1940-1980 is not equal. In prewar years the river runoff reduction occurred because of agrotechnical measures in basin, in 1950s and 1960s the major factor of economic activity promoting the greatest decrease of inflow to the sea was building and operation of reservoirs, in 1970-1980 the leading role played irrigated agriculture. The runoff of almost all rivers in the Caspian basin up was considerably regulated by beginning of 1970s.

At the expense of economic activity impact the waters inflow to the Caspian Sea has decreased by 8 % in relation to norm of inflow under natural conditions, including that from 1956 to 1991 this reduction amounted about 12 %. In 1930s the sea “hasn’t received” about 50 km3 of river water, during reservoirs filling – 350 km3, the total sum of irrevocable river runoff taking amount more than 1000 km3 from 1936 till the present time. That is commensurable with three-year rivers’ runoff under water-full conditions. In the beginning of 90s irrevocable water consumption in basin of the Caspian Sea has reached 41 km3 annually. Then because of industry and agriculture degradation it has decreased a little and at present totals 30-35 km3 annually.

In basins of Terek, Sulak, Kura rivers the decrease of their runoff has occurred, mainly, because of the development of irrigated agriculture areas. The annual runoff of these rivers has decreased by 17-25 % in comparison with runoff under natural conditions by the middle of 1970s /38/.

The maximal values of average annual total surface inflow to the sea were observed in 1979 and 1985 - about 350 km3 annually, in 1990 – 369 km3, 1991 – 356 km3. In natural, conditions, not broken by antropogenic activity, the value of inflow to the sea would total even more: 380-390 km3 annually, that corresponds to runoff of 3-4 % of frequency with average many-years norm of natural inflow for 1900-1991 equal to 300 km3 annually. Main volume of the increased inflow to the sea falls on share of Volga runoff: in 1978-1991 Volga brought more than 300 km3 of water (310 km3 in the most water-full 1979) to the sea in some years. Volume of its natural runoff could reach 330 km3 per year (norm of natural Volga runoff for 1881-1991 is about 250 km3 annually). Observed recently volume of river runoff to the sea (about 310 km3 annually), together with irrevocable takings, is far more than average volume for last 40-50 years and by its value can be compared to water-full period from 1900 to 1929, when the sea received about 330 km3 of river water annually (table 12).

River runoff regulation in the sea basin has resulted in change of its seasonal course and some smoothing of seasonal level fluctuations. Under present conditions the Volga high water begins 1-1,5 month earlier and passes faster, than before the middle of 1950s. According to State Hydrology institute assessments, change in drain of Volga spring high water in 1960-1980 on the average amounted about 50 km3 annually. The greatest decrease of spring high water was observed in 1964 - about 70 km3, the least one – in 1973, which was about 30 km3.

It is necessary to note, that the high water intensity and coming of its maximum are defined by the rivers runoff. In water-full years the earlier passage of high water peak and its larger intensity are observed.

The research of interannual variability of total river runoff for typical periods, showed, that the greatest variability (CV = 0,15) was observed in water-full period 1900-1929, the least one - in present water-full period 1978-1991 (CV = 0,13). The seasonal river runoff variability increases in water-full years.

2. Atmosphere precipitation. 

The meteorological stations, which are carrying out observations of atmosphere precipitation at Caspian, are located, basically, at coast, where the region orography influences their values. At several island stations local physics-geographical features influence the indications of precipitation value. In the sea-way the precipitation observations are not made.

During a number of years many authors /1,2,3,22,25,32 etc. / defined the amount of atmosphere precipitation, which are falling on the sea surface, in different ways and therefore received various values. The amount of precipitation falling on water area of the sea, calculated by two ways: as average arithmetic value or weighed on number of stations – the first way, and on isohyets – the second way. The results received from the first way, essentially depend on the stations, chosen for calculation. As the stations are located at sea coast irregularly, the data on precipitation in most cases reflect the orographical feature of region. The maps of isohyets, made by different authors, also differ both in amount of the used stations, and in precipitation values, received on their base.

The precipitation measured at stations, have the systematic mistakes, caused by loss of collected precipitation for wetting the walls of water-collecting bucket; loss of precipitation for evaporation from bucket during precipitation falling and measurement; distortion of wind field near the reception aperture of rain gauge and related change in fields of falling trajectories of some precipitation. Thus, the accuracy of precipitation definition at stations depends on taking into account of these faults. During definition of the average precipitation sums it is also necessary to take into account the correction connected with the reduction of observation data for the whole period to one of devices – rain gauge or old rain gauge, if the precipitation measurements were made by different devices.

The first attempt to define the precipitation amount was made by A.I. Voeykov /6/ at calculating the sea water balance. Their value amounted about 200 mm annually. N.M. Knipovich /17/ has directly determined values of atmosphere precipitation on the data of meteorological stations and has received their too high value (263 mm annually), because of insufficient amount of observation, and inexact isohyet map.

B.A. Apollov /1/, using a method of peripheral balance, has estimated average precipitation amount of 204 mm annually for the whole sea for 1881-1932 and made a conclusion, that while distance from a coast increases - the precipitation value decrease. The precipitation value at coast is 25 % more than the same at island stations.

Most precise atmosphere falling on the sea, was made by N.G. Nikolaev /25/ by isohyet method. The precipitation calculation was made on the data of 81 stations for 1878-1938. The average many-years precipitation amount was equal to 177 mm. In works /5,13/ made by a similar method on 26 coastal stations, the average many-years precipitation amount was about 200 mm annually.

Average many-years precipitation value for 1878-1945 according to calculations of B.D. Zaykov /12,13/, who continued calculations of N.G. Nikolaev, was 177 mm.

V.A. Lednev and G.N. Zaytsev /21/ made the precipitation calculation for 1946-1952, by creating the isohyet maps on the data of 45 coastal and island stations and made conclusion that the precipitation amount for many-years periods varies near the average value of 183 mm annually.

S.S. Remizova /30/ defined precipitation on Caspian surface for 1946-1965, also using isohyet method and connections between precipitation, calculated by N.G. Nikolaev and B.D. Zaykov, and average precipitation on stations. For best accuracy she connected precipitation on isohyets with average precipitation on the data of 11 stations, instead of 4, which regularly located at sea coast. The average many-years precipitation value was 174 mm. The precipitation values were reduced to the decreased sea area and thus amounted 171 mm. S.S. Remizova first entered corrections for missing the precipitation by rain gauge, calculated as B.S. Golubev. As the result the precipitation value on the Caspian Sea surface has increased by 15-20 mm (186 mm).

The first attempt to estimate the atmosphere precipitation, falling on sea water area, with attraction of data on precipitation repeatability in the open sea (on available ship observation) together with observation data of coastal and island stations, was undertaken by V.S. Samoylenko /32/. According to his calculations the average precipitation value for the sea was 171 mm (on the data of 58 stations).

N.A. Belinsky /34/ has offered the formula for the approximate calculations of the month precipitation sums in Caspian sea conditions, on the base of average values of temperature and air humidity (ta and F) and water surface temperature (tW):

X=[0,40(tW-ta)+3,2]Et-8D-0,25D2,
(14)

Where X – amount of precipitation, mm;

Et - maximal water steam resiliency, mm, calculated on air temperature;

D – Deficit of air humidity, mm.

However, the absence of information from opened parts of the sea for particular years and months not always allows to use this formula in practice.

To calculate the precipitation K.I. Smirnova /33/ used the other dependence:

XM = 0,98XCT + 1,7(tW-ta)-1,
(15)

Where XM - month precipitation sum, falling on the sea surface;

XCT - average month precipitation sum, falling at stations (isl. Tyuleny, isl. Kulaly, isl. Svinoy, isl. Ogurchinsky, Fort Shevchemko, Oil Stones, Izberbash, Makhachkala, Baku, Krasnovodsk);

            tW-ta - average difference of air and water temperatures at stations.

The annual of the amendment accepted in precipitation calculation, totals 14 %, average many-years value of precipitation for the period from 1925 to 1969 is 209 mm.

E.G. Arkhipova /2/ has calculated the many-years precipitation value (for 1940-1966 it is 250 mm annually), falling on the sea water area. It was done on the base of ГГО data, taking into account the faults, connected to losses for wetting of water-collecting bucket, which depend on climatic features of area; repeatability of precipitation falling and their sums; losses of precipitation for evaporation from water-collecting bucket, which depend on deficit of air humidity and wind velocity (these losses reach 0,8 mm daily in the Caspian sea area); precipitation measurement inaccuracy, because of their blowing-out, determined by reducing factor, which depend on wind velocity at the height of water-collecting devices, on parameter, characterizing the precipitation structure, and on average air temperature.

The values of the amendments to precipitation norms reach 50 % of their measured annual sum in regions with strong winds and plenty of solid precipitation (at northeast coast). On water area the amendments values are distributed irregularly: in southern parts of the sea they decrease up to 2-5 %.

It is very difficult to take into account all the faults, therefore G.E. Arkhipova in order to get the reliable result entered the amendments into month and annual norms of precipitation for the particular sea water areas. Then by the method of planimetry she found the total and corrected norms, for the whole sea.

In work /35/ the precipitation norm for the open sea was specified (199 mm annually) and the analysis of spatial-temporary precipitation variability was carried out. The basic stations, where the curve of falling precipitation distributions, their average month values and average many-years annual course corresponded to the average data for the whole sea, were determined. The following stations were chosen as basic: for Northern Caspian – islands Zhestky and Kulaly, for Middle and Southern Caspy – Oil Stones, Kuuly-Mayak cape, Ogurchinsky island. It was supposed, that these stations are representative in each particular month and year.

To calculate precipitation, falling on sea water area, the technique, expounded in work /35/, was used.

For each chosen basic station (instead of closed hyrdrometeorological station Zhestky island – Tyuleny island) the average many0years month and annual sums of precipitation (XCP) were calculated. Then on the base of observed month sums (Xi) the parameters of interannual precipitation variability (Ki = Xi/XCP) were defined for each month and year in each item relatively their average values. Then the average interannual variability value of 5 items (KiCP) was calculated. The month and annual sums of precipitation for particular year were determined by multiplication of KiCP to norm of precipitation for the whole sea or its parts.

Volume of atmosphere precipitation in comparison with volume of river runoff is insignificant, therefore their impact on sea level fluctuations is far less, than river runoff impact.

From the beginning of current century, especially last years, in the many-years course of atmosphere precipitation, falling on the sea surface, the tendency of growth is observed. The relative contribution of precipitation to income part of water balance changes from 15 % in the beginning of century (1914-1917) up to 26 % in 1970s (1970-1977) according to hydrometeorological conditions of period. The greatest amount of atmosphere precipitation – 326 mm (about 120 km3), has fell out in 1969, the least one – 122 mm (about 50 km3) in 1944. The swing of interannual fluctuations of atmospheric precipitation was about 70 km3, that corresponds to sea level change by 204 mm, and on particular stations by 230-260 mm (station of Northern Caspian and Oil Stones station). The falling out precipitation lead to annual level increase by 20 sm annually on average (15 ( 28 sm).

The distinction in physical and geographical conditions determines the extremely irregular distribution of precipitation, falling on sea water area. At Caspian coast it’s falling considerably more precipitation, than in central areas of the sea. Besides that the amount of precipitation, falling out, on various parts of coast and areas of the sea is different.

The curves of the annual sums of precipitation distributions have shown that for the majority areas of northern and western coast of open sea the distribution of precipitation subjects to the general law when the number of supervision is significant.

In arid deserted areas of east coast and on some islands located on the way of cyclones, the distribution of precipitation has binomial nature.

The interannual variability of atmosphere precipitation (CV), falling on the sea surface, in current century amounted 0,20, in some periods its values changed from 0,09 up to 0,20. The greatest interannual variability of precipitation amount is observed at stations of east coast in desert areas, and the least annual variability - at stations of western coast of Middle and Southern Caspian, where precipitation amount is significant all the year round.

In a seasonal course of falling precipitation two maximums are observed: September-January and March-April, when 69-73 % of annual amount - for the whole sea and 41-48 % - for Northern Caspian fall on sea water area. Besides two minimums are observed: May-August and February. On Northern Caspian annual distribution of precipitation is more regular in comparison with the whole sea: in some periods on the sea surface during one month it’s falling from 5 (May-August) up to 16 % (December) of the annual sum /16/.

In Northern Caspian the annual amount of precipitation changes within the limits of 150-200 mm and is distributed rather irregularly on sea water area, because of orographical features of coast. By annual precipitation amount Northern Caspian is the poorest area of East Europe and the most droughty. The low relief and the deserted areas of Northern Caspian coast provide free entrance for continental air masses, causing the continental climate with cold winter, hot summer and insignificant atmosphere precipitation.

The greatest amount of precipitation on Northern Caspian falls out under impact of warm moisture air masses from Atlantic ocean, which extend along the branches of Azorsky anticyclone. It is proved by the great amount of precipitation (up to 50 %) in a warm season (April-September), when the anticyclone impact increases, the carrying out of air masses also increases. Besides it can be proved by the prevalence of precipitation under the appropriate wind directions (basically western: under north-western, western and south-western winds it’s falling about 40-50 % of a total sum of annual precipitation amount).

The analysis which has been carried out for the period of instrumental observations on Northern Caspian, has shown, that in various parts the precipitation fell irregularly.

The greatest interannual variability of precipitation was observed on the east part of Northern Caspian (CV = 0,37).

At the Caspian sea, because of mainly western carrying of air masses from Atlantic, the greatest amount of atmosphere precipitation falls on western coast: from 160 mm on Northern Caspian up to 1600 mm on some areas of Southern Caspian, i.e. they are distributed irregularly.

At western and southern coasts the precipitation have local nature, fall out basically in coastal zone and are not distributed far in the sea. The zone increased amount of precipitation extends along narrow coast belt, of several tens kilometers wide. At east coast the precipitation are distributed more regularly, than on western. The presence of maximum and minimum in seasonal course is explained just by these differences in distribution of precipitation. Rain precipitation prevail everywhere.

Intensive development of cyclone activity in 1978-1991 promoted the precipitation increase almost at the whole coast and sea. In certain months the amount of the fallen precipitation is 2-3 and more times more than average many-years norm. It amounted about 22,5 sm (CV = 0,16) for the whole period on the surface of Northern Caspy and its certain parts: it has fallen 18 sm (( = 3,2 sm; CV = 0,18), 16 sm ((=( 3,4 sm; CV = 0,21) and 18,9 sm (( = 5,3 sm; CV = 0,27) on western and east accordingly. Usually the generous precipitation, which considerably exceed norm, fall out in periods or years of frequent coming of cyclones from the Mediterranean and southern latitudes of Atlantic temperate zone to European territory, as was observed last years. The analysis of many-years variability of the atmosphere circulation seasonal indexes has shown, that in 1978-1990 there was significant increase of intensity of cyclone circulation almost in all year seasons, that corroborates the strengthening of air exchange and humidity increase.

Underground runoff. 

The underground runoff to the sea is the most difficult to determine and therefore is not enough studied element of water balance. The underground waters flow to Caspian by three ways: at the Earth mantle degassing – these are juvenile water, with river runoff, as the underground component of the rivers charge, and as underground runoff formed on land and flowing directly to the sea, not entering to the rivers. It’s almost impossible at present to make a quantitative assessment of juvenile waters. The underground runoff, drained by the rivers, is included into total river runoff amount in calculations of water balance. The entrance of infiltration waters directly from the sea coast is the third way of underground waters entrance to the sea, was studied by many authors /1, 5, 15, 18, 20, 23, 27 etc./.

The analysis of researches on underground runoff to the sea shows, that authors aim at scientific-sound estimation of underground inflow amount, beginning from the relative value, cited by S.A. Kovalevsky /18/ and equal to 23,9 km3 annually, and calculated by A.I. Mikhalevsky and R.G. Brigman /5/ as the difference between basic elements of water balance and equal to 49,3 km3 annually.

In process of collecting and accumulating the factual material of hydro-geological conditions of the Caspian Sea coast the opportunity to calculate the amount of underground inflow to the sea more precisely has appeared /14, 15, 29, 30/.

In a number of works made in 1960-1980 /14, 15, 27, 30/ authors, using Darsi formula, calculated the amount of underground inflow to the sea on the base of available hydrogeological data of Caspian coast. The whole sea coast was broken into sites (from 15 up to 19), taking into account orographical, climatic, hydrogeological and geological conditions. On these sites the calculation of underground runoff was carried out. Thus, each site was allocated taking into account the features of the natural factors influencing the underground waters formation.

The study of works on definition the amount of underground inflow to Caspian (entrance of infiltration waters directly from the coast to the sea) prove that the data of various authors differ strongly from each other. The basic reason it - is absence of reliable hydrogeological information, and the unreliability of used methods for calculations. However, the most researchers think, that about 3-5 km3 of underground waters flow annually to the sea /12, 13, 14, 15, 27 etc./.

At calculations of the Caspian sea water balance we considered the value of underground runoff amount as a constant, equal to 4 km3 annually /23/. Therefore in comparison with other components of water balance its role is rather insignificant and cannot determine the essential fluctuations of level surface.

Use of constant average many-years value of underground inflow in calculations of water balance reduces the accuracy of these calculations and does not reflect the real role of underground runoff in formation of water and salt balances of the Caspian sea.

However, the solving of problem of interannual and seasonal variability of underground inflow to the sea amount in the near future is not possible, as it is necessary not only to specify the hydrodynamical methods of calculations, but also to conduct the extensive researches.

The further specification of this value will allow to estimate the contribution of underground inflow to many-years and seasonal variability of the sea level more impartially.

3. Evaporation. 

Evaporation from the sea surface – is the basic “debit” component of the Caspian Sea balance. The reliable enough methods for measurement of this value does not exist till now.

The researches of evaporation from the Caspian Sea surface are carried out from the end of the last century. A.I. Voeykov /6/ first has determined the annual amount of evaporation of 1085 mm, using the water balance method, i.e. assuming, that the evaporation is equal to the sum of precipitation, falling on the sea surface, and rivers runoff, flowing to the sea. Further a number of works /1, 4, 5, 12, 13, 17, 31, 33/ was executed, where the assessment of evaporation amount was carried out.

To define the evaporation the various methods were used, among which two basic directions can be marked out: the first include use of the equations of water and thermal sea balance, the second one - use of empirical and half-empirical ratio. Most widespread are water balance methods representing, the value of integrated evaporation and heat exchange of the whole reservoir. The opportunities of balance methods in definition of local evaporation and heat exchange are limited by the assumption of spatial uniformity of these characteristics, which does not work in most cases. The lack of balance methods of evaporation calculation is that the evaporation is determined indirectly - as the residual member of the water balance equation. Therefore evaporation value includes mistakes of definition of all the water balance components.

The methods of the second direction allow to get an idea about spatial change of evaporation amount, to study their regional features. At the same time, these methods are used, because the difficult nature of interaction between reservoir and atmosphere is described by empirical and half-empirical ratio, representing various variants.

To determine the evaporation amount from the Caspian Sea surface during last years, the various formulas were used: formula of Bigelou, Meyer, Sverdrup, Samoylenko /5, 10, 24, 26 etc./. The formulas for evaporation calculation are always improved and specified.

Many authors research the evaporation amount from the Caspian Sea surface during last years. The calculations of evaporation were carried out with use of various methods, which are listed above.

In this work the technique, allowing to take into account influence of air temperature stratification on water exchange intensity was used to calculate evaporation.

The evaporation calculations were carried out on 5 hydrometeorological stations, located in various parts of the Caspian Sea and clearly reflecting evaporation from the sea surface. The following stations were chosen as basic: in Northern Caspian – islands Tyuleny and Kulaly; in Middle and Southern Caspian – Kuuli-mayak, Oil Stones, island Ogurchinsky. The heights of weather-vane at these stations are 12,5; 10,0; 10,5; 17,5 and 11,3 m correspondingly.

In calculation of the maximal water steam elasticity ES the presence of ice cover was taken into account. Parameter of roughness ZO, included in coefficient R(,z, was considered as equal to 0,06 sm /9, 35/.

If temperature stratification is taken into account for evaporation calculations, it allows to find out the following: in cold season of year (January-March, September-December), when water temperature is higher than air temperature, i.e. the unstable atmosphere stratification prevails, the evaporation is considerably more, than if the stratification is not taking into account (on 6-10 %). And in warm season of year (April-August), when the water is warmed up and air temperature is higher than water temperature, the evaporation through stratification is 6-10 % less. It is especially important to take into account stratification in calculations of evaporation for areas with large interannual and interseasonal variability of meteorological and hydrological conditions.

The evaporation calculations were carried out by the same method, as precipitation was: coefficients of interannual evaporation variability were determined on basic stations and on the sea, and then evaporation amount for particular months and years was determined, taking into account evaporation norm for each part.

Researches on many-years variability of amount of evaporation from the sea surface are indissolubly connected with the analysis of the hydrometeorological factors change, which determine the evaporation. Rather high temperature conditions of water area and the whole sea, specificities of coast orography, the extensiveness of shallow areas, frequent change of winds’ directions and their repeatability, deserted east and northeast coast and closeness of this coast to the largest deserts of Central Asia, have created conditions for intensive water evaporation from the Caspian Sea mirror.

Because of the significant meridional extent of the sea, significant zoning of its northern part, essential distinctions in climatic and natural conditions of separate areas, the air masses passing over the sea transform. Their impact on humidity of the different areas of sea basin becomes unequal. Therefore the tendencies of many-years changes in air humidity and evaporation processes can be different in separate parts of the sea. The long-term tendencies in air humidity and evaporation changes are traced on many stations and sea areas at the same time, if they are connected with the development of dominating types of atmosphere circulation - complex climate-forming factors. The analysis of many-years variability of evaporation both from sea surface and its separate parts and areas has shown, that in many-years course, the tendency of its reduction is traced.

Most intensively processes of evaporation were developed in 1930 (table 12). This was promoted by setting the anticyclone weather regime on the Caspian basin, which caused the climate aridity. In the beginning of the century about 970 mm, or about 390 km3 of water evaporated annually from the sea surface. In 1930s the sea lost considerably more waters – 1004 mm, or 395 km3 of water annually because of evaporation, that exceeded much more the inflow to the sea. The “debit” component of water balance exceeded the “income” one, and therefore there was an intensive sea level decrease. Total losses of water in the sea in 1930 amounted about 740 km3, including Volga has not drifted about 500 km3 of river waters to the sea because of its водность reduction.

In 1940-1960 the volume of evaporated waters from the sea surface amounted on the average about 356 km3 waters annually, the evaporation amount (964 mm of water) was close to average many-years norm.

Last years the evaporation from the sea surface was not so intensive: in 1978-1991 it was about 930 mm (about 350 km3 of water annually), that was much less than average many-years norm, equal to 970 mm. In some years, especially in 1981, 1982, 1987 and 1988 the evaporation amount was only 840-870 mm, that caused essential positive annual sea level rise. The main reason of general evaporation reduction and tendency to its decrease consists in radical change of European natural synoptical area.

As a result of baric-circulating regime change, the increase of cyclonic and decrease of anticyclonic circulation is observed within the limits of Caspian basin. Almost in all year seasons, except autumn, the significant decrease of anticyclonic circulation intensity is traced not only in водосборный part of basin, but also over the sea water area. As a result the basin humidity has increased, the runoff and atmosphere precipitation has increased, and the evaporation has decreased.

Among the components of water balance the evaporation is characterized by insignificant interannual variability (CV = 0,09). It is especially small in periods with droughty climate (in 1930-1941 CV = 0,04, in 1970-1977 CV = 0,05). Tn moderate climatic conditions it increases (in 1942-1977 CV = 0,09). In 1978-1990 coefficient of interannual variability of evaporation amount was equal to 0,06 (( = 59 mm).

Just during last 50 years from 700 to 1170 mm of water have evaporated annually from the Caspian Sea surface. And on the average during current century the sea lost about 375 km3 of water (970 mm) annually. The deviations of annual evaporation amount from many-years norm reached (20 ( 25 sm. Swing of variability of annual evaporation amount (for 1940-1991) was about 45,0 sm. And swing of annual variability was about 10,5 sm, that makes 35 % of average swing value of annual sea level course. Annual variability of evaporation is more significant in comparison with interannual: from June to December about 70 % of annual evaporated waters volume evaporate from the sea surface, and 75 % of annual volume evaporate from Northern Caspian surface from May to September.

On Northern Caspian evaporation processes are developed most intensively, more than 1000 mm of water annually evaporates here: for a period of instrumental observations about 1030 mm (( = 89,33 mm; CV = 0,09) evaporated on Northern Caspian from 1940 to 1990. The most significant evaporation was observed in western part: 1060 mm annually (( = 129,77 mm). The significant interannual variability of its values (CV = 0,12) was also observed here. In east part of Northern Caspian the evaporation reached 970 mm annually (( = 98,96 mm; CV = 0,10). On Northern Caspian as well as on the whole sea, tendency of evaporation reduction is traced: most intensively the evaporation processes were developed in 1942-1969 (1968 mm annually, ( = 64,31 mm; CV = 0,06). In 1978-1990 their intensity has decreased (922 mm annually, ( = 70,40 mm; CV = 0,08). Minimal evaporation amounts on Northern Caspian are marked in winter and in the beginning of spring (from January to March), maximal ones - in summer (June-August). It is connected with both water and air temperature and air masses impact. In some areas of Northern Caspian in winter months, mainly in February, the inverse process - condensation is observed.

As a result of intensive waters warming on shallow in the spring the evaporation greatly increases to the beginning of May. The greatest value evaporation reaches in July-August, that is explained by high water temperature together with the greatest relative air dryness over the sea. In Middle and Southern Caspian processes of evaporation are most developed in August-September, and on the whole sea - in August-October.

In different parts of Northern Caspian the swing in annual changes of evaporation reached significant values: in western part - about 90 sm, that corresponds to waters volume of 300 km3, in east part - about 70 sm, or 255 km3.

The research of the statistical characteristics of evaporation amount has shown, that for 1942-1990 the greatest value of average many-years quadratic deviations is observed in September (( = 20 ( 40 mm). And the greatest value of many-years seasonal variability values are observed in December-February (CV = 0,30 ( 0,40), and the least one - in May (CV = 0,18) and in August-October (CV = 0,15), i.e. during cooling and warming periods.

4. Runoff to Kara-Boraz-Gol gulf. 

The runoff of sea waters to Kara-Bogaz-Gol gulf is regarded as “debit” component of water balance. The gulf represented an extensive shallow lagoon isolated from the sea by the small sandy косы in the west. Between косы the narrow and shallow channel of the same name, through which gulf is connected with the sea. The direct observations on water runoff to the gulf are carried out since 1928.

The inflow of sea waters to gulf was determined by the height of sea and gulf level state, i.e. by their difference and changes in section of channel bed, connecting the gulf the sea.

Till beginning of 30s 20-25 km3 of Caspian waters flew into gulf annually, and the difference between the sea and gulf levels was 0,5 m.

The sudden sea level decrease in 30s has resulted in reduction of Caspian waters inflow into the gulf, and its level decrease. At the end of 30s the difference of sea and gulf levels amounted 0,7 m. While the sea and gulf levels were decreasing there was a washing out of channel bottom. It has stopped only in the middle of 40s, when the bottom depression has reached the rocky limestone foundation and the waterfall was formed. It resulted in vanishing of hydraulic relation between sea and gulf levels.

The existing before close relation, between runoff to the gulf and its level B.D. Zaykov /11/ used to calculate the runoff from the sea to the gulf. The following dependence was used:

Vкбг/(Vc=f(H)
(16)

Where Vкбг - annual runoff from the sea to the gulf, km3;


Vc - annual inflow of surface waters to the sea, km3;

H - average sea level at Baku, sm.
The accuracy of calculations of this method was (3 %.

In 1940 this dependence was broken because of bar washing out in the channel and the waterfall formation. In 1921 the difference between the sea and gulf levels was 0,44 m, and in 1946 it was already 2,86 m. Increase of this difference in 30 – 40s was caused by reduction of water inflow to the gulf because of the sea level decrease.

Till the middle of 60s the gulf area reduced up to 10 thousand km2, the sea waters runoff to the gulf had decreased up to 8-10 km3. The level decrease lasted till the middle of 70s. Therefore, by the end of 70s the volume of runoff to the gulf reduced up to 5-10 km3; the gulf level had decreased to a mark of minus 32,0 m absolute; the area reduced up to 10 thousand km2; volume of water – up to 20-22 km3 (in the beginning of 30s volume of waters was 30 km3), and brine salinity increased up to 270-290 ‰ (before 30s it was 200-210 ‰); the maximal depths in the gulf did not exceed 3-4 m. The present-day gulf area with a runoff of 5-6 km3 of water annually should be 6-7 thousand km2 according to approximate estimations /36, 37/.

Many-years course of Kara-Bogaz-Gol gulf level since 1921, when the observations were carried out for the first time, till 1979 reflect the Caspian Sea level changes, caused mainly by climatic factors, and reduction of runoff of the rivers, flowing into the sea.

On a background of the general tendency of the gulf level decrease, in its many-years course it is possible to distinguish several periods, similar to level course of the sea by character and fluctuations intensity. The greatest gulf level was marked in 1929 - minus 26,0 m absolute, and the least one in 1977 - minus 29,15 m absolute. Thus, the swing of many-years fluctuations of the gulf level for period of observations on Kara-Bogaz-Gol hydrometeorological station was 3,15 m.

In early 1980 (in March) Kara-Bogaz-Gol gulf was blocked by a blink dam, the sea waters stopped to flow into gulf. The sudden sea level rise, which had begun after the level reached critical mark (minus 29,0 m absolute), was unexpected and it was not taken into account, when the dam had been building. In 1978 the sea level has increased in average by 21,5 sm, and in 1979 - by 30 sm. For the period of the complete termination of sea waters inflow into the gulf (1980-1984), the annual “water-saving” was about 10 km3 in average. Total volume of water, left in the sea, was about 50 km3, this provided the sea level rise by 2,5-3,0 sm annually.

The gulf area at the end of 1982 was about 2 thousand km2. Under present conditions the gulf area changes considerably at the expense of periodic flooding of dried areas by brine under tide level fluctuations. In the beginning of 80s, i.e. for the period from gulf separation, the maximal depths had decreased up to 1,2 m with average depth of 0,75 m, and volume of surface brine in the gulf reduced from 22 up to 1,5 km3. By 1984 brine salinity had increased up to 370-390 ‰. In 1984 the process of surface brine dring came to the end and gulf transformation into a “dry lake” was finished /37/. Thus, the active sedimentation of great salts masses, had resulted in change of morphometrical characteristics of the gulf depression, reduction of its depth, that promoted fast shallowing of the gulf.

Taking into account rather high present state of the Caspian sea level and possibility of irreversible changes in structure of surface-brine salts, dispersion of rare elements, containing in them, in order to preserve the perspective hydromineral material of the gulf, the runoff in Kara-Bogaz-gol gulf was renewed through provisional culvert structure since September, 1984. Through this structure approximately 1,6 km3 of sea water flew into the gulf annually. At the end of June, 1992 the dam blocking the channel was demolished and sea water easily flew into the gulf.

From the beginning of current century more than 1000 km3 of sea waters has flown into Kara-Bogaz-Gol gulf, that can be compared to volume of the Aral Sea and three volumes of Azov Sea. Converting into layer, it is about 3 m. The maximal annual runoff of Caspian waters to the gulf reached about 30 km3 in the beginning of century, and minimal - up to 5 km3 in the middle of 70. Thus, the annual sea level decrease through the runoff to Kara-Bogaz-Gol amounted 7-9 sm in the beginning of century and about 1,5 sm - at the end of 70s - beginning of 80s. Just for the period 1970-1977, when the sea level decreased by 0,65 m, about 20 % of total reduction were caused by the flowing of Caspian waters to the gulf. And during the period termination of waters runoff to the gulf, the sea could “additionally” rise by 10-12 sm totally (11-15 % of its real rise). In the “debit” part of water balance, the sea waters runoff to the gulf reached about 5-6 % of volume.

At present runoff to Kara-Bogaz-Gol plays insignificant role in sea level changes and cannot influence its annual and many-years variability. Among the water balance component the sea waters runoff to Kara-Bogaz-gol gulf is characterizes by the greatest many-years variability (CV = 0,48), which average many-years value for 1900-1979 was about 15 km3 annually. Because of the Kara-Bogaz-Gol gulf washing-out after the destruction of dam, the runoff to the gulf increased year by year: from 12,7 km3 in 1992 up to 46,4 km3 in 1995. In 1996 the gulf filling-up was finished and at present 16-18 km3 of sea water flow into it annually.

The greatest value of factor of interannual variability of runoff to the gulf (CV = 0,44) was observed during sudden sea level decrease in 30s, (the water runoff had reduced from 20 km3 up to 6 km3). And during the slow sea level decrease (1942-1977), when about 10 km3 flew annually into the gulf, its interannual variability was insignificant (CV = 0,15). It is possible to explain it by the following: under the slow rate of the sea level decrease and its relative stabilization the erosive processes “develop” the channel bottom and so the runoff to the gulf increased, while under the sudden level decrease the erosive processes have no time to develop quickly.

The seasonal changes of runoff to the gulf are insignificant, the reduction of absolute runoff amount during many years was accompanied by reduction of seasonal changes swing. The annual variability changed in accordance with this: the seasonal course of runoff to Kara-Bogaz-Gol gulf became less marked. In the long-term plan the annual runoff distribution is similar to sea level course. Up to 40 % of annual runoff to the gulf fall at summer months: June-August and September, in February-March the water runoff to the gulf was insignificant - about 7 % of annual volume.

5. Average many-years values of water balance. 

In the many-years course of the Caspian Sea level it is possible to distinguish several periods corresponding to the different states of its water balance. In 1900-1929 the level fluctuations occurred at the mark of minus 26,2 m absolute. High level state and its relative stabilization in this period were caused by favorable hydrological conditions, determining the rivers’ water-full and relative equilibrium between elements of balance: the water inflow to Caspian and its expenditure on evaporation from the sea surface (table 12). Going in turn 4-5-years cycles of water-full years and 5-8-years little-water cycles resulted in the appropriate increases and decreases of the sea surface level, reached 0,5 m during this period. The tendency of sea level decrease was insignificant, the trend value for 30-years period was minus 0,34 m.

The rather equilibrium state of water balance was replaced in 30s by the period of extreme deficit of water balance, reached 60 km3 annually. Therefore during 12 years (1930-1941) level decreased by 1,8 m. Such a sudden catastrophic decrease, was caused by global climatic changes. At the significant part of Eurasia territory, including the sea basin, the arid conditions were observed. Deficit of atmosphere precipitation, on водосборный part of Volga basin, which form significant part of annual river runoff volume, together with intensive evaporation processes from the sea surface had resulted in sudden Caspian level decrease (tables 12, 14). The speed of sea level decreasing amounted  in average about 16 sm annually.

Analyzing the current century, it is possible to note the following: favorable hydrometeorological conditions in the beginning of century, established under the impact of western (W) type of atmosphere circulation processes /8/, have determined the great rivers water-full and rather high and stable sea level values. At the end of the last century in northern hemisphere the greatest climate change for the whole period of instrumental observations was begun. It was characterized by gradual air temperature increase in all year seasons by maximum climate warming, occurred in 30s (table 14). In 40-50s, under more temperate climatic conditions in the Caspian Sea basin the rates of level decrease were slowed down. The abnormal developed processes of meridian (C) type of circulation promoted rivers водность increase in drainage area parts of Volga river basin. The period from 1941 to 1948 is characterized by водность increase. In 1949-1956 the deficit of water balance amounted about 19 km3 annually. In 1957-1969 the annual water inflow to the sea was about 7 km3 more, than its evaporation was. Thus, in 60s the slight level stabilization at the mark of minus 28,4 m absolute was observed.

In 70s in basin the hydrometeorological conditions were similar to the same in 30. The balance deficit, about 50 km3 annually, in 1977 had resulted in sea level decrease up to minus 29,0 m – the lowest mark not only for the period of instrumental observation, but also for the last 450-500 years. During 8 years there was the level decrease by 0,65 m. For the period of slow sea level decrease (1942-1977) the balance deficit amounted in average 13,7 km3 annually, that corresponded to annual sea level decrease by 3,7 sm. From 1942 to 1977 the sea level had decreased by 1,2 m.

From 1978 to 1991 is a period of positive balance of the Caspian Sea waters. The sea level quickly raised and in 1991 its average annual mark had risen up to minus 27,15 m absolute. The present level increase is caused by the climatic factors, which have determined the change in the ratio of water balance elements: there was the increase of income components’ volume (rivers’ runoff and atmosphere precipitation).

During these years at the expense of increase of surface inflow and atmosphere precipitation the sea “got” in average 50 km3 of water more, than it has “spent” for evaporation and runoff to Kara-Bogaz-Gol gulf. It has defined the positive sea level increment and its rise (about 14 sm annually).

The period from 1942 to 1991 can be considered as a period of equilibrium sea waters balance: the amount of water, “coming” to the Caspian Sea as atmosphere precipitation and rivers runoff was almost the same of evaporated from the sea water area surface and flown to Kara-Bogaz-Gol gulf.

It is difficult to speak about duration of present sea level rise, as the retrospective data analysis does not give the simple answer. The increases of level surface, which had been already observed, are the evidence to a hypothesis of short-term character of present sea level increase. The sudden level decreases usually followed these rises. If we proceed from a hypothesis of existence of quasi-century cycles in sea level change, it is possible to assume that its present rise represents transition to epoch of a high state, as the general tendency of level decrease lasted already more than 100 years. It is not possible to answer these questions for certain: essentially they are connected with super long-term forecast of both regional and global climate, having the different impact on conditions of forming and many-years variability of components of the Caspian sea water balance.
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Proposals on researches implementation within the framework of the Caspian Ecological Program

The present Caspian Sea level increase lasted for 18 years (1978-1995). During this time the sea level has raised by 2,5 m and to the beginning of 1996 reached the mark of minus 26,6 m. Average intensity of sea level rise for 1978-1995 amounted about 0,14 m/years. In 1995 the level increase has slowed down, and in 1996-1997 it decreased by 0,35-0,40 m. During two last years the level had stabilized at mark of minus 27 m.

The present Caspian Sea level rise caused significant damage to many branches of national economy. As the result of such sea level increase, more than 30 thousand km2 of coastal zone was flooded, tens thousands of people were hurt and the great capital investments to the industry and infrastructure were lost.

The settlement characteristics of a level of the Caspian Sea are initial for designing of hydraulic engineering structures, industrial and economic objects at the coastal zone. Therefore it was necessary to provide designing and building organizations with the rather reliable data on high sea levels of infrequent repeatability.

In Kazakh research institute of environment monitoring and climate (KazNIIMOSK) the model of sea level calculation was developed which is based on the equation of reservoir water balance. This model realized on the personal computer, allows to calculate sea levels using the runoff to reservoir taking into account possible climate variability, water consumption in basin under different values of effective evaporation (evaporation subtract precipitation) and water inflow to Kara-Bogaz-Gol gulf.
Researches and the calculations carried out in KazNIIMOCK, have shown, that under present climatic conditions with water consumption in Caspian basin equal to 40-45 billion m3/year, the sea levels of 1 % provision (repeatability is once per 100 years) have mark of about minus 26 m. And levels of 0,1 % provision (repeatability is once per 1000 years) have the mark of about minus 25 m. Therefore the necessary measures for protection of urban settlements, oil deposits and agricultural grounds within the Kazakhstan coast for the nearest perspective are planned, proceeding from possibility of level increase up to marks of minus 26 - minus 25 m.

At planning the economic activity for further perspective the considered characteristics require specification, because of the consumption change and increase of global air temperature.
In the beginning of 90s the water consumption in the sea basin has reached 41 km3 annually. During last years at the expense of industry and agriculture degradation it has decreased up to 35-38 km3 annually in Pricaspian States. In future it should increase up to 50 km3 and more annually. Therefore while calculating the level it is necessary to take into account forthcoming water consumption changes in the sea basin.

The question of the Caspian Sea level change can not be solved in the nearest decades without alternative consideration of impact of probable antropogenic climate change caused by increase in the atmosphere so-called greenhouse gases - first of all CO2, emitting from carbon fuel burning, (coal, oil, slates), and also small gas admixtures: methane, oxides of nitrogen, freon, etc. - on its value. The researches show that the change of atmospheric air chemical structure in near future will result in significant climate warming, which was not observed yet during previous decades. At present it is impossible to make the important economic decisions, basing only on past ideas of climatic conditions preservation. In order to solve the problems of national economy for perspective it is necessary to consider materials on future climate. It is necessary to carry out estimation of forthcoming climate changes impact on elements of water balance of river basins and level regime of inland reservoirs.

The preliminary researches show, that the antropogenic climate changes can result in increase of runoff in Volga basin and the Caspian Sea level rise. They also show, that the designed and built objects and hydraulic engineering structures at the sea coastal can be considered as the rather reliable calculated parameters only for 20 years (approximately till 2020), while the structure and objects were planned for the perspective of 30, 50 years and more. Thus it is necessary to carry out additional researches to substantiate the calculation characteristics of sea level for perspective taking into account water consumption and antropogenic climate changes to use them at designing the coast protective structures and other economic objects at the sea coastal zone. Such researches and calculations can be carryed out in Kazakh research institute of environment monitoring and climate (KazNIIMOSK).

Calculation of background (balance) Caspian Sea level change for the nearest and further perspective taking into account water consumption and climate changes in its basin
The objectives: to investigate rules of change of water balance elements and the Caspian sea level. To develop the method for calculations of background sea level for perspective, using the modeled rows of its values.

During the theme execution it is necessary to solve the following basic tasks.

Short-term tasks:

a) To specify values of the sea water balance for 1877-1998.

b) To restore elements value of the sea water balance for period 1556-1876. 

c) To estimate the values of water balance elements of Kara-Bogaz-Gol gulf for 1930-1998 and to restore the amount of sea water flowing in for 1556-1929. 

d) To estimate possible influence of a petroleum film to evaporation from a surface of the sea. 

e) To calculate the sea water balance for various typical periods. 

f) To estimate the impact of water consumption and probable antropogenic climate changes on sea levels, using the climate scenarios developed in Europe and USA and water balance model developed in KazNIIMOSK. 

g) To calculate the Caspian Sea levels of various probable rise for the nearest (2020) and further (2050) perspective to use in economic planning and building design.

Long-term tasks:

h) To develop new technique for modeling the level rows taking into account correlation connection between the runoff to the sea and effective evaporation (evaporation subtract precipitation). 

i) To carry out modeling of the Caspian sea level rows of large duration (10 000 years and more) with the present water consumption and sea water inflow to Kara-Bogaz-Gol gulf. 

j) To define periods of continuous level increase and decrease of various duration in rows of their modeled values. 

k) To define the provision of periods of sea level increase and decrease of various duration. 

l) To mark out in the modeled sea level rows the intervals of 50 years duration, including periods of its continuous increase of 18 years duration and more with the subsequent continuation. 

m) To develop the method for forecasting the basic elements of water balance and sea level for the nearest and further perspective.

Expected results:

1. Short-term objectives

31. The restored characteristics of basic elements of sea water balance; 

32. Method of background sea level calculations (probabilistic forecast) for the nearest (2020) and further (2050) perspective taking into account water consumption and possible antropogenic climate change; 

33. Calculated sea levels for the needs of economic planning and building design at the coastal zone.

2. Long-term objectives

34. Rules of basic elements changes of water balance and sea level; 

35. Statistical characteristics of classification of years with various values water balance and sea level of elements; 

36. Method of sea level forecasting taking into account probabilistic characteristic of classification of years with various water content and duration.

The received results will serve the basis for designing of hydraulic engineering coast-protective structures and other economic objects at the sea coastal zone. They also will be used for implementation of measures on replacement of settlements, getting in flooding zone. That will promote the solving of social problems in a number of CIS countries (Kazakhstan, Russia, Turkmenistan and Azerbaijan).
Creation of the bibliographic Reference book and literature survey on Caspian Sea research problems.

The creation of such a Reference book and literature survey in conditions of researches dissociation, which were carried out in different countries is necessary. It will allow to increase mutual knowledge of the scientists on Caspian Sea study problems in different countries and international organizations.

The most part of this Reference book and literature survey can be drawn up in Kazakh research institute of environment monitoring and climate (KazNIIMOSK).

Personnel

The characteristic of the main personnel of the proposed projects is presented in the appendix.

Appendix A

Leading researcher of the KazNIIMOSK

Hydroforecasts laboratory,

Dh Ph,
V.V. Golubtsov




Leading researcher of the KazNIIMOSK

Hydroforecasts laboratory,

Dr Ph,
V.I. Lee

APPENDIX B

1. Basic personnel

Name
Academic

Status
Post
Education
The experience of work
The experience of work on a Caspian problem
Number of the publications

Golubtsov Vsevolod Viktorovich
Dr Ph
Leading researcher
Voronezh state university, 1954, hydrologist
44
10
92

Lee Valery Ivanovich
Dr Ph
Leading researcher
Kazakh state university, 1969, engineer - hydrologist
30
10
42

Skotselyas Ivan Iosifovich
Dr Ph
Leading researcher
Odessa Hydrometeorological institute, engineer - hydrologist
36
2
43

Bortnik Vitaly Nikolaevich
Dr Ph
Senior researcher
Moscow state university, 1971, engineer - hydrologist
27
12
57

Georgievsky Vladimir Yurievich
Dr Ph
Senior researcher
Leningrad Hydrometeorological institute, 1967, engineer - hydrologist
32
15
60

Continuation of the APPENDIX

Name
Academic

Status
Post
Education
The experience of work
The experience of work on Caspian problem
Number of publications

Popova Valentina Petrovna
Dr Ph
Senior researcher
Kazakh state university, 1974, engineer - hydrologist
24
2
12

Baytodorova Zinaida Petrovna

Leading engineer
Kazakh state university, 1967, Physico-geographer
40
6
2



Interpreter
Higher




Eriskovsky Sergey Aleksandrovich

engineer of 1 category
Kazakh state university, 1996, engineer - hydrologist
2
2


Golubeva Tamara Borisovna

assistant of 1 category
Secondary
6
2
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