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Introduction
The Caspian Sea is the largest water reservoir of the globe without water outlet. Its surface area is more than 390 thousand km2, and the head water area is about 3.1m km2, of which 29.4 % takes non-effluent area. The total length of the Caspian coastal line is 7 thousand km, of which about 2.3 thousand km within the territory of Kazakhstan. Volga, Kura, Ural, Terek, Sulak, Samur rivers and a number of small-sized affluents, the majority of which can reach the sea only in high-water years, flow in the sea (Fig. 1). Quasi-periodical, cyclic fluctuations of the level mainly due to climate factor is usual for the Caspian Sea. The amplitude of these fluctuations is about 7 m for the last 450-500 years.

It is known that change of Caspian Sea level in a time unit may be calculated according to the equation of water balance:

(Z = W/ ((Z) + Wg/ ((Z) + P – Wkbg /((Z) – E


 (1)

Where 
 (Z - change of the sea level;


 W - volume of river runoff to the sea;


 Wg - volume of underground water runoff to the sea;


   P - layer of precipitation that are dropping to the surface of the sea;

         Wkbg - volume of sea water runoff to the Kara-Bogaz-Gol gulf;


 E – water layer evaporated from the surface of the sea;

         ((Z) - sea area determined on the basis of its level.

Table 1 show water balance characteristics of the sea in various periods according to the State Ocean Institute (Russia) data. The change of basic elements of water balance of the sea is also shown in fig.1.     

Table 1: Water Balance Elements of the Caspian Sea (km3 per year/mm)

Period
Rivers runoff
Underground water drain
Precipitation  
Evaporation
Sea water drain to KBG

1900 – 1929
332/823
4/10.0
70.0/176
390/966
21.8/53.9

1930 – 1941
269/681
4/10.2
72.1/183
397/1006
12.4/31.2

1942 – 1977
275/745
4/10.9
70.8/193
355/961
9.84/26.6

1978 – 1995
315/831
4/10.6
86.1/227
349/919
8.64/22.0

1900 – 1998
299/774
4/10.5
73.7/193
371/962
13.9/35.3

In a long-term course of the Caspian Sea level fluctuations there were several periods in the last century corresponding to different ratio of its water balance elements (Terziev F.S.,etc., 1992)

In 1900 - 1929 high sea level was observed. Its relative stabilisation in this period was stipulated by high water of the flow in rivers and relative equilibrium between the water balance elements of the sea: water inflow in the Caspian and water evaporation from its surface (Table 1). Some decline of the level for the indicated 30 year period was 0,34 m.

In 1930 - 1941 the relative equilibrium of the water balance was replaced by water deficit up to 60 km3 per year. This caused 1.8 m sea level decline during 12 years (Fig.2). The catastrophic falling of the level was stipulated mainly by global change of the climate. 
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Figure 1: Caspian Sea Basin
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Figure 2: Change of the Basin Elements of Water Balance and Level of the Caspian Sea for 1900 – 1998

Significant deficit of precipitation pouring the affluent river basins together with intensive evaporation from its surface area have reduced sharply the level of the Caspian Sea. The average rate of sea level decline was about 16 cm per year. 

In 1942 - 1977 the sharp decline of the level has become less intensive (Fig. 2). In 1960 s one could see even stabilisation at the mark of minus 28.4 m. From 1970 to 1977 the sea level fell again to the mark of minus 29 m. The average rate of declining in this period was 14 cm per year. During 36 years sea level has dropped by 1.2 m. The average rate of sea level declining was about 3 cm per year.

The total continuous decline of the level in this century (1930 -1977) was 3.2 m with average rate of about 4 cm per year (Terziev F.S., etc., 1992). The main factors of this decline are climate changes and economic activity of people. 

From 1978 to 1995 the Caspian Sea level has been rising for 18 years. During this time the l grew up by 2.5 m and by the beginning of 1996 has reached minus 26.6 m mark. The  rate of level rise in this period was about 14 cm/year. The most intensive raise of the level erved in 1979 (0.31 m), in 1990 (0.36 m.), in 1991 (0.29 m) and in 1994 (0.28 m). In 1995th of the level was slowed down, and in 1996 - 1997 the level even declined because of low  Volga river basin. At the end of 1997 and in 1998 the sea level was stabilised at about minus 27 m mark.

The recent raise of the level is due to increase of river runoff and amount of precipitation on the surface, as well as decreasing of sea water evaporation (Fig.2). Gain of the rate of sea level increase was stipulated in some measure by limiting water runoff to the Kara-Bogaz-Gol Bay by the middle of 1992 (Golubtsov V.V., etc., 1995, Sydykov Zh.S., etc., 1992). Rise of the level in 1978 - 1995 is not an extraordinary event. Similar, on height and average rate, upraises of the level were observed in XVIII century, when from 1723 to 1742 (19 years) the sea level was lifted almost by 2.5 m. Then it began declining. According to research data, transgressions at the Caspian are altered with stabilisation periods and periods of level decline. Long stay of increased or reduced level values is extremely seldom.

Change of Water Balance Elements
The changes of main components  water balance of the Caspian Sea has typical peculiarities for the last century. In the main they are conditioned by climatic factors.
Figure 3 shows the chronological change of natural, reconstructed according to the water use in the Caspian Sea basin, streamflow to the Caspian Sea . This figure shows the dry period of the 1930's and the wet period from the end of the 1970's to the first half of the 1990's very clearly. Figure 4 shows the difference integral curve of the streamflow varieties to the Sea. This curve permits to see fazes it maximum and minimum values with reference to normal runoff to the Sea (multi-annual mean). Ratio of value runoff for something year or period to the normal runoff is module, adopted in hydrology. The difference integral curve is  graph of the cumulative departures of module  k  from  unit  divided  by coefficient of variation Cv.  Figure 4 shows the period of the 1900 - 1911’s with module like to normal (k = 0.99), the period of the 1912 - 1929’s  with  runoff  increase  (k = 1.11), the  period  of  the 1930 - 1977’s with  runoff decrease (k = 0.92).  Probably, the period  with runoff  decrease  and  period  having  the  runoff means like  to normal  had  been  starting  from  the 1996th. 
The  changes of  Volga  river  runoff  and  also  temperature  and  precipitation  in  it  basin  had following  trend  in  the  1900 - 1998’s.  Temperature  fluctuations,  shown  on  figure 5 (Sydorenkov N.S., e.t.c, 1996), demonstrates  it  positive  trend  in  the  current  century. Residual integral  curve  of  air  temperature  modules  from  normal  (Fig. 6)  shows  that  temperature was  below  normal  to  middle  of  the  1950’s  and  it  has  means  above  normal  in  the  later period  that  is  confirmed  by  availability  aforesaid  trend.  Figures 7, 8  show  the chronological  graph  and   integral  curve  of  the  precipitation  change  in  the  Volga  river basin.  Long  anomalies  such with decreased means  of  precipitation, observed  from  the middle  of  the  1930’s  to  the  beginning  of  the  1950’s  as  with  it  increased  means, observed from  the  middle  of  the  1970’s  to  the  middle  1990’s  one  can  see  very  clearly.  The chronological   change  graph (Fig. 9)  and  difference  integral  curve  of  Volga  river  runoff (Fig. 10)  are  characterized  by  the  same  peculiarities  as  analogous  curves  for  total  runoff. It  is  accounted  by  Volga  river  runoff  prevalence  in  total  streamflow  to  the  Caspian  Sea (80% ).  
Figures  11, 12  show  the  chronological  change  and  integral  curve  of  a  runoff  coefficient of  the  Volga  river.  The  runoff  coefficient  is  ratio  of  runoff  depth  to precipitation  depth in  a  basin.  These  graphs  show  the  periods  with  minimum  and  maximum  means  of  the runoff  coefficients  well  enough.  The  long  anomalies  with  the  minimum   runoff coefficients, observed  in  the  1930’s  and  the  maximum  runoff  coefficients, observed  fromthe  end  of  the  1970’s  to  the  first  half  of  the  1990’s   one  can  see on these  figures especially  clearly.
Figure 13  shows  a  chronological  change  of  precipitation  in  the  Caspian  Sea  basin  and figure 14  shows  it  difference integral  curve.  One  can  see  two  periods  on  these  figures: the period  of  the  1900 - 1950’s  with  decrease  precipitation  means  (k = 0.90)  and  the  period  of the  1951 - 1996’s  with   their  increased  means  (k=1.12).  The  period  with  precipitation having  decreased  means  and  means  like  to  normal  had been  starting  from  the  1997th.  
Figure 15  shows  the  chronological  change  of  evaporation  from  Sea  surface  and  figure 16 shows it difference  integral  curve. The  comparison  of  figure 14  with  figure 16  permit  to see  that  the  evaporation  change  is  contrary  to  the  precipitation  change.  The  increase precipitation  means  as  a  rule  correspond  to  decreased   means  of  evaporation  from  Sea surface.  This  conformity  to  natural  laws  can  de  used  when  Sea  level simulation  and  also for  determination  of   it  value  by a water  balance  equation  for  the  next  and  more  remote perspectives. One  can  distinguish  the  following  periods  at  evaporation  chronological process: the  period  of  the  1900 - 1909’s  with  the  decreased  means  (k = 0.96), the  period  of the  1910 - 1921’s  with  means  like  to  normal  (k = 1.00), the  period  of  the  1922 - 1944’s with  increased evaporation (k = 1.06), the period  of  the  1945 - 1968’s  with  evaporation  like to  normal  (k = 1.00)  and  the  period  of  the  1969 - 1994’s  with  decreased  evaporation  (k = 0.94). The  period  with  evaporation  having  increased  means  and  means  like  to  normal  had been  starting  from  1995th. 

Graph of the chronological change effective evaporation from Sea surface (evaporation minus  precipitation)  is  showed  by  figure 17.  Figure 18 presents  it  difference  integral  curve. Given  graphs  near  to  analogous  curves  on  figures 15.16.  One  can  distinguish  the following  periods  on  the  evaporation  changes  chronological  graph: the 1900 - 1916’s  is  the period  with  means  like  to  normal  (k = 0.98), the  1917 - 1944’s  is  the  period  with increased  evaporation  (k = 1.10), the  1945 - 1994  is  the  period  with  decreased  evaporation (k = 0.95).  The  period  with  decreased evaporation  and   period  having  means  like  to normal  had  been  starting  from  1995th.
The  runoff  change chronological  graph in  the  Kara-Bogaz-Gol  bay  is  showed  by  figure 19. The  runoff  value  is  conditioned  by  the  Sea  level  change  and  capacity  of  the  Kara-Bogaz-Gol  strait  under  natural  conditions.  This  strait  was  shut  by  a  solid  dike  in  the  1980. Only  1.6 - 2.0 km3  in  year  of  water added  into  the  Kara - Bogaz - Gol  Bay  from  the 1985th  to  the  middle  of  the  1992.  In  result  the  bay  became  total  dry.  The  dike  was demounted  in  the  middle  of  the  1992  and  the  bay  began  fill  by  Sea  water.  The Caspian Sea level  and  increase  of  strait  capacity   exerted  considerable  influence on    the  bay  filling because  of  considerable  erosion  of  a bay  bed.  On  the  graphs  of  runoff  difference  integral curve  and  runoff  chronological  changes   one  can  see  the  following  periods: the  1900 - 1933’s  are  the  period  with  increased  runoff  (k = 1.55), the  1934 - 1979’s  are  the  period with  decreased  runoff  (k = 0.69), the  1980 - 1991’s  are  the  period  of  cessation  and considerable  limitation  of  Sea  water  inflow  into  the  bay, the  1992 - 1997’s  are  the  period with  increased  runoff  (k = 2.14).  Sea  water  runoff  into  the  bay  will  be  formed  by  the Sea  level  fluctuations  in  the  main.  
Evaporation  routing  by  the  Penman - Mangate  method.
Evaporation from the Caspian Sea surface was computed by the Penman - Mangate method with use of date from the meteorological station Fort - Shevchenko. Following characteristics were used for computations: maximum and minimum means of air temperature ( 0C ), relative  air  humidity ( % ), wind  velocity  in  weathercock’s  height  ( m/s ), radiation  duration  ( h/d )  (Appendix 1).  Transitional  coefficient  0.747  was  took  with  the purpose   transition  from  wind  velocity  in  weathercock’s  height  to  it  mean  in  two  meters height.  There  are computing  results  of  the  monthly  and  annual  evaporation  means  for  the 1936 - 1998’s   in  table 2.

Table 2: Evaporation from the Caspian Sea Surface
Year
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
(

1936
37
35
74
102
155
159
205
195
132
81
51
31
1257

1937
25
25
46
111
140
138
186
195
150
115
84
50
1265

1938
31
28
40
96
146
165
208
208
186
99
57
31
1295

1939
19
25
46
117
189
198
211
214
132
78
30
22
1281

1940
16
20
46
117
149
192
202
211
129
56
36
19
1193

1941
25
25
50
99
143
186
202
164
141
71
27
28
1161

1942
22
39
37
72
143
162
192
202
132
87
39
28
1155

1943
28
22
50
117
167
180
186
155
132
93
45
28
1203

1944
22
29
65
105
143
165
198
174
147
93
57
34
1232

1945
22
31
40
75
121
159
195
161
120
78
45
31
1078

1946
28
31
56
102
152
207
164
186
126
74
54
25
1205

1947
16
22
59
90
127
186
220
174
120
71
42
53
1180

1948
31
32
43
102
158
216
217
198
120
74
48
28
1267

1949
22
22
40
69
146
225
254
186
123
78
57
37
1259

1950
19
17
53
168
170
180
180
174
138
90
63
28
1280

1951
28
22
81
135
152
222
202
211
135
68
42
19
1317

1952
19
23
40
81
140
180
198
208
162
108
60
40
1259

1953
25
31
43
120
155
192
192
220
135
90
36
22
1261

1954
22
17
40
57
170
216
211
189
144
87
60
34
1247

1955
34
42
56
120
170
192
192
164
126
99
45
28
1242

Continue of the Table 2: Evaporation from the Caspian Sea Surface
Year
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
(

1956
31
29
43
93
112
201
174
177
123
84
33
28
1128

1957
22
28
46
153
223
213
205
202
183
81
57
22
1435

1958
25
34
50
84
183
180
198
189
120
99
51
25
1238

1959
34
22
31
105
223
171
214
158
108
65
42
37
1210

1960
19
23
53
108
140
180
226
174
144
93
51
31
1242

1961
31
42
53
105
161
222
170
164
114
105
33
25
1225

1962
25
28
65
126
146
189
208
180
189
105
63
31
1355

1963
28
31
46
93
152
156
164
152
147
84
36
22
1111

1964
22
29
40
66
152
180
152
146
138
78
36
46
1085

1965
22
31
56
61
143
144
198
217
135
71
36
25
1139

1966
22
22
59
117
174
153
202
192
123
90
48
19
1221

1967
31
25
40
87
174
174
167
205
141
96
57
37
1234

1968
37
41
62
114
198
177
220
186
162
96
48
40
1381

1969
19
28
43
96
133
210
161
183
111
62
39
28
1113

1970
34
34
87
129
183
162
180
149
126
31
57
22
1194

1971
40
31
50
93
158
180
236
202
162
84
45
25
1306

1972
22
29
46
111
174
207
239
254
147
115
48
22
1414

1973
28
22
53
90
149
165
180
167
105
93
36
31
1119

1974
28
36
59
87
149
177
177
208
156
124
54
43
1298

1975
28
31
37
186
229
219
214
192
132
87
42
31
1428

1976
31
20
50
105
127
159
183
202
138
59
51
31
1156

1977
22
36
53
102
152
159
214
177
156
65
39
25
1200

1978
19
39
87
99
130
153
198
186
147
78
30
25
1191

1979
34
31
56
78
195
189
189
242
141
65
66
25
1311

1980
22
29
56
81
152
174
223
170
129
62
39
28
1165

1981
25
34
40
84
127
162
189
161
144
121
42
43
1172

1982
40
25
50
108
146
189
183
186
153
78
30
31
1219

1983
22
28
65
99
152
153
180
164
93
84
54
37
1131

1984
34
41
50
102
161
201
226
152
135
68
36
37
1243

1985
31
28
31
90
161
183
164
192
138
71
48
22
1159

1986
  28   
25
50
123
118
171
186
186
141
74
36
25
1163

1987
31
31
40
75
155
207
208
183
120
84
45
31
1210

1988
25
41
87
117
136
183
183
161
114
115
51
34
1247

1989
25
39
74
138
149
180
180
205
156
87
57
31
1321

1990
31
31
62
102
167
177
202
167
126
93
45
34
1237

1991
34
25
68
87
152
222
214
202
150
102
30
25
1311

1992
22
23
59
102
124
180
183
177
141
96
45
31
1183

1993
25
28
50
96
152
168
180
152
108
62
21
16
1058

1994
19
22
31
105
127
162
180
140
168
105
27
16
1102

1995
16
25
68
102
174
168
183
167
144
78
42
12
1179

1996
9
23
59
96
180
174
217
202
129
81
54
34
1258

1997
16
20
40
102
143
162
164
198
126
71
36
25
1103

1998
25
28
53
99
155
180
195
189
138
87
48
31
1228

Table 3  contains  the  statistical  characteristics  of  evaporation  from  the  Caspian  Sea computed  by  the  different  methods.  This  table  demonstrates  large  variety  of  the got estimates.  Maximum  mean  of  evaporation  (1227) was  got  by  the  Penman-Mangate  method and it minimum  mean   was  got  by  the  SOI (State  Ocean  Institute)  method.  Maximum changeability  is  typically for  evaporation  determined  by   the  method  of  the  Institute  of Water  Problems  under  the  Russian  Academy  of  Sciences (IWP RAS): standard  deviation equal  to 172 and  coefficient  of  variation Cv equal  to  0.164 (Cv=E/().  Minimum changeability  is  typically  for  evaporation  determined  by  method  of  the Hydrometeorological  Center  of  Russian  Republic  (HMC RF): ( = 30.6,  Cv = 0.03. 

Table 3: Statistic Characteristics of Evaporation from the Caspian Sea Surface Defined by Different Methods
Parameter

Penman-Monteith
HMC RF

SOI RF


IWP RF



Е (average)
1227
1008
956
1048

(
85.9
30.6
79.1
172

Cv
0.070
0.030
0.083
0.164

In table 4 the correlation matrix of values of evaporation defined by various methods is reduced.
Table 4: Correlation Matrix of Evaporation from the Caspian Sea Surface, Calculated Different Methods

Penman-Monteith
HMC RF


SOI RF


IWP RAS



Penman-Monteith
1,00




HMC RF
0,46
1,00



SOI RF
0,17
0,35
1,00


IWP RAS
-0,03
-0,22
-0,17
1,00

The  methods  of  Penman-Mangate  and  HMC RF  have  results  of  the computing    with  more high  correlation: r = 0.46.  Minimum  coefficient  correlation  r = 0.03  characterizes  the  means of  evaporation  determined  by  the  methods  of  Penman-Mangate  and  the  IWP RAS.
Given  methods  differ  one  from  other  both  by  theoretic  basis  and  by  quantity  of parameters  and  used  date.  Therefore  the  comparison  statistical  and  correlation characteristics  (Tables 3,4)  can’t  use  for  assessment   of advantages  any  method.  At  present, the  method  elaborated  by  Panin  G.N.  from  the  IWP RAS  (Panin G.N., 1987)  is  the  most theoretic  founded  method  for  the  computing  of  evaporation  from  water  surface  of intercontinental  water  object.  This  method  can  be  used  in  the  conditions  with  limited information  about  evaporation  parameters  that  is  very  important.
Esstimate  of  possible  influence  exerted  by  an  oil  film  on  evaporation  from  Caspian  Sea  surface.
Period  with  modern rising  of  the  Caspian  Sea  level  (  the  1978 - 1995’s)  has  reduced  means  of  evaporation  from Sea  surface.  It  was   adopted  by  reSeachs  and  computations  of  Sea  water  balance carried  out  by  the  State  Ocean  institute  and  other  scientific  institutes  of  the  Russian  Federation  and  Republic  Kazakhstan.  Scientists  explain  this  fact  by  different  causes.  So, in  opinion  of  Golitsin  the  low  means  of  evaporation  at  last  decades  were  caused  by  influence  of  wind  velocity  change  over  the  Sea.  Many  scientists  suggest  that  the  modern  rise  of  the  Caspian  Sea  level  was  caused  to  a  marked  degree  by  reduce  of  evaporation  under  influence  of  oil  film  because of  pollution  by  oil  products  the  Caspian  Sea  water  surface. 

Experimental  investigations  carried  out  by  the  Valday  ReSearch  Hydrology  Laboratory (VRHL)  under  the  State  Hydrology  Institute  of  Russian  Federation  (SHI RF)  (Makarova V.S., e.t.c, 1961 ) showed    the  oil  film  on  water  surface  reduces  evaporation   about  two  times.  This  fact  points  out  that  the  oil  film  limits  emission  rate  of  water  molecules  during  evaporation. More  vast  investigations  of  limited  evaporation  from  water  surface  were  carried  out   for  molecular  films  of  fatty  alcolols  (Pushkartyov V.F., 1964). 
Institute  of  Power  Engineering  under  National  Academy  of  Sciences  of  the  Republic  of  Kazakhstan  (Kapitonova N.P., e.t.c, 1964)  investigated  the  influence  of  the   molecular  films  of  fatty  alcolols  on  evaporation  from  water  surface.  These  investigations  show    maximum  reduce  of  evaporation  in  the  sunken  pans  SHI-3000  is  observed  by  wind  velocity  no  more  2 - 3 m/s for  the  alcolols  of  whale fat  added  with  normal rate at  0.1g  on  1m2   in  the  day  for  support  of  a  monomolecular  layer .  In  result  the  means  of  evaporation  decreased  on  30 - 80%  that  correspond  to  about  60%  average  for  the  experimental  period  from  the  10.07  to  the  10.10.1991  as  compared  with  date  for  the  sunken  pan  without  fatty  films  on  water  surface.  These  investigations  permitted  to  establish  that water  temperature under  a   monolayer  of alcolols  of whale  fat  is  up  to  4 0C  at  individual  months  as  compared  with  water  temperature  in  a  control  sunken  pan  having  clear  water.
This  institute  conducted  analogous  experiences  on  water-evaporation  reservoirs  having  different  areas  and  also  on  the  Kengir  river  bars  in  the  1962  (Kapitonova N.P., e.t.c, 1964).  The  experiences  show  for  creation  support  a  stable  monomolecular  film  reducing  evaporation  to  a  marked  degree  it  is  enough  to  add  a  substance  with  rate  at  0,1g  on  1m2  in  the  day.  By  this  normal   the evaporation   reduce  on  34%  and  15%  resulted  on  sunken  pans  having  areas  3m2  and  20m2  accordingly  and  evaporation  reduced  on  22%  on  the  Kengir  river  bars  having  area 400 m2...  It  was  established  the  effective  use   of  monomolecular  films  with  the  purpose  of  reduce  of  evaporation  depends  on  wind  velocity.  A  monolayer  is  carried  across  completely  to  a  windward  side  of  a  sunken  pan  or  windward  bank  of  a  bar  by  wind  having  velocity  more  4 m/s.  For  these  conditions  the  effect  from  influence  of  monolayer diminishes.
Interesting  reSearch  on  problem  of  influence  the  monomolecular  film  on  evaporation  from  water  surface  was  conducted  by  the  Institute  of  Water  Problems  of  Armenia  (Ananyan A.K., e.t.c, 1964, Ananyan A.K., e.t.c, 1964).  They  show  that availability  of  the  monomolecular  film  on  water  surface  causes  a  rise  of temperature   in  a  surface  layer  of  water.  This  process  take  place  because  of  accumulation  of  warmth  by  radiation  in  the  conditions  of   evaporation  process  delay.  Value  of  evaporation  increases  after  removal  the  film.  In  the  natural  conditions  it  may  be  in  the  time  of  storm.  These  results  indicate  the  complication  of  considered  processes  and  variety  in  conclusions  about  influence  of  an  oil  film  on  evaporation  from  water  surface  in  the  natural  conditions.

Special  experiments  with  purpose  to  estimate  influence  of  the  oil  film  on  evaporation  was  conducted  by  the  Institute  by  Geography  under  the  Academy  of  Sciences  of  Azerbaijan  on  the  Piromany  island  in  the  Caspian  Sea  (Abakarov M.I., e.t.c, 1963).  Three  sunken  pans  SHI-3000  was  placed  on  the  land .  They  were  filled  by  Sea  water  and  water  surface  in  two  sunken  pans  were  covered  by    oil  films  having  different  thick.  Observations  for  meteorological  date  ( air  temperature, precipitation, wind  velocity)  and  temperature  of  water in  the  sunken  pans  were  carried  out  at  the  same  time  with determination  of  evaporation.  Conducted  investigations  showed considerable reduce of evaporation  from  water  surface  and  a  rise  of  water  temperature  when  oil  film  thick  is  enlarged.  These  results  permit  to  suppose  the  availability  of  the oil  film  on  the  Caspian  Sea  water  surface  can  have  influence  on  evaporation  from  the  Sea  surface. 
Enumerated  conclusions  got  for  the  sunken  pans  and  water  object  having  small  areas    can’t  to  be  transfered  completely  to  such  huge  water  object  as  the  Caspian  Sea.  It  connect  with  covering  of  water  surface  in  the  sunken  pans  (experimental  pools)  and  the  Sea  by  monomolecular  film.  At  present  the  value   of  Caspian  Sea  area  covered  by  the  oil  film  is  estimated   very  approximately.   One  may   only assume  that  Sea   pollution  by  oil  products  and  considerable  enlarge  of  water  surface  area  covered  by  the  oil  film  was  started  from the  end  of  the  50’s - beginning 60’s  current  century.  Nature of  oil  film  spreading  on  Sea  surface  depends  on  influence  of  wind  conditions, wave  and  ice  situation  to a  marked  degree.  
The  study  of  influence  an  oil  film  on  evaporation  from  Sea  surface  is  difficulty  because  of  technical  causes  and  also  economical  possibilities  of  the  Pricaspian  states. One  can  use  only  estimates  got  with  help  of  indirect  methods.  Suggested  method   is  based  on  comparison  of  integral  characteristics  of  evaporation  from  Sea  surface  determined  by  water  balance  equation  in  dependence  from  meteorological  factors.  It  is  supposed  that  influence  of  an  oil  film  on  evaporation  from  Sea  surface under  computing  of  evaporation  as  a  residual  member  of  a  water  balance  equation  under  the  conditions  of  homogeneous  determination  other  it  components ( runoff  in  first  turn)  will  be  took  in  account.  Figure  21  shows  a  relation  of  integral  characteristics  of  evaporation  from  the  Caspian  Sea  determined  by  the  method  of  the  SOI (Golubtsov V.V., e.t.c, 1995)  and  the  means  of  evaporation  computed  by a  Sea  water  balance  equation  for  the  1990-1998’s.  The analogous  relation  (Fig. 22)  got  as  outcome of  computing  the  evaporation  means  for  the  abovementioned  period  by  the  method  of  Smirnova  K.I.  (Smirnova K.I., 1972).  An angle  of  slope  these  relations  to  co-ordinates  is  not  change  in  the  1900-1998’s.  This  fact  indicates  that  availability  of  the oil  film  did  not   influence  on  evaporation   from  the  Caspian  Sea  so  far. If this  influence  existing,  the  angle  of  slope  the  relation  to  the  co-ordinates  should  change  in  this  period. But  this  fact  does not refute  that  the  oil  film  on  Sea  surface  exerts  influence  on  evaporation  from  the  Caspian  Sea.  Under  the  conditions  of  wave  on  the  Sea  causing  distraction  of  continuous  film  fields  a  rise  of  water  surface  temperature  results  in  evaporation  increase (Ananyan A.K., e.t.c, 1964)  and  compensation  of  reduce  it  means  under  influence  of  the  monomolecular  film. Therefor  on  a  present  stage  of  study  this  problem  one  can  suppose  that  Sea  pollution  by  oil  products does not  exert  influence  on  the   evaporation   from  the  Caspian  Sea.  

Change  of  the  Caspian  Sea  area  and  volume.

The  considerable  changes in  area  (Fig. 23) and  volume (Fig. 24)  of  the  Caspian  Sea  were  observed  from  the  beginning  of  the  30’s  to  the  end  of  the  70’s  current  century.  Caspian  Sea  area  decreased  on  24 942 km2  and  it  volume  decreased  on  849 km3  in  the  1932 - 1941’s  when  the  Sea  level  fell  on  1.74 m.  Further  a  Sea  level  lowering  on  1.15 m  caused  reduce  of  Caspian  Sea  area  on  22 605 km2  and  it  volume  decreased  on  445 km3  in  the  1941 - 1977’s. Sea  area  and  volume  decreased  on  47547 km2  (11.8%)  and  1 304 km3  (1.65%)  accordingly  for  period  from  the  1932 -  1977’s  by  the  lowing  of  the  Caspian  Sea  level  on  2.89 m.

The  Caspian  Sea  level  rose  on  2.39 m  again  in  the  1977 - 1995’s. This  rising  of  the  level  resulted  in  increase  of  Sea  area  and  volume  on  41 497 km2  (11.6%)  and  1 105 km3  (1.42% )  accordingly.

Necessary data for a research of the Caspian Sea water balance
The large size of the source information is necessary for a research of the Caspian Sea water balance . 
1. Monthly and annual values of  air temperature and precipitation on meteorological stations in Volga River Basin (Tab. 5).
Table 5: List of Stations in Volga River Basin
##
Station
Index


Coordinate


Altitude, m
Period of necessary data
Period of necessary data





N
E

on an air temperature

on precipitation

1
Shariya
27271
58022’
45032’
139
1925 – 1999
1936 – 1999

2
Kostorma
27333
57 046’
40 057’
139
1857 – 1935,

1991 – 1999
1991 – 1999

3
Bologoe
26298
57 054’
34 003’
178
1951 – 1999
1951 – 1999

4
Ostashkov
26398
57 008’
33 007’
217
1951 – 1999
1951 – 1999

5
Yaroslavl
27331
57 035’
39 055’
103
1951 – 1999
1951 – 1999

6
Vladimir
27532
56 008’
40 023’
170
1951 – 1999
1951 – 1999

7
Volokolamsk
27502
56 002’
35 058’
189
1951 – 1999
1951 – 1999

8
Elatma
27648
54 057’
41 046’
136
1991 – 1999
1991 – 1999

9
Ryazan
27731
54 037’
39 043’
135
1951 – 1999
1951 – 1999

10
Oryol
27906
53 000’
36 002’
203
1842 – 1999
1951 – 1999

11
Loyno
28014
59 044’
52 039’
190
1935 – 1999
1935 – 1999

12
Sovetsk
27391
57 036’
48 058’
119
1892 – 1999
1936 – 1999

13
Noviy Toriyal
27491
57 000’
48 044’
143
1885 – 1999
1936 – 1999

14
Gorkiy
27553
56 013’
43 049’
82
1873 – 1935,

1991 – 1999
1991 – 1999

15
Poretskoe
27675
55 011’
46 020’
121
1891 – 1935,

1991 – 1999
1991 – 1999

16
Saransk
27760
54 011’
45 011’
201
1924 – 1999
1936 – 1999

17
Kazan, opornaya
27598
55 045’
49 012’
119
1991 – 1999
1991 – 1999

Continue of the Table 5: List of Stations in Volga River Basin
##
Station
Index
Coordinate
Altitude, m
Period of necessary data
Period of necessary data




N
E

on air temperature
on precipitation

18
Ufa, Dyoma
28722
54 045’
56 000’
197
1991 – 1999
1991 – 1999

19
Meleuz
28925
52 057’
55 058’
179
1951 – 1999
1966 – 1999

20
Bezvodovka
27888
53 030’
47 057’
263
1966 – 1999
1966 – 1999

21
Kuybiyshev
28900
53 015’
50 027’
44
1966 – 1999
1966 – 1999

22
Penza
27962
53 008’
45 001’
174
1966 – 1999
1966 – 1999

23
Kamiyshiyn
34363
50 005’
45 025’
58
1991 – 1999
1991 – 1999

24
Astrakhan, GMO
34880
46 016’
48 002’
18
1991 – 1999
1991 – 1999

25
Cherdiyn
23914
60 024’
56 031’
206
1991 – 1999
1991 – 1999

26
Solikamsk
28026
59 039’
56 048’
180
1918 – 1999
1966 – 1999

27
Kungur, g.d.
28326
57 025’
56 056’
140
1951 – 1999
1966 – 1999

28
Nozhovka
28319
57 005’
54 045’
130
1951 – 1999
1966 – 1999

29
Sarapul
28418
56 028’
53 044’
133
1888 – 1999
1936 – 1999

30
Kuzino
28339
57 001’
59 029’
334
1951 – 1999
1966 – 1999

31
Rzhev
26498
56 027’
34 032’
195
1991 – 1999
1991 – 1999

32
Viyshniy Volochek
26393
57 058’
34 057’
167
1885 – 1935,

1991 – 1999
1991 – 1999

33
Ivanovo
27347
56 095’
40 093’
128
1891 – 1935,

1991 – 1999
1991 – 1999

34
Kirs
28009
59 033’
52 023’
169
1887 – 1935,

1991 – 1999
1991 – 1999

35
Kirov
27196
58 065’
49 062’
165
1854 – 1935,

1991 – 1999
1991 – 1999

36
Pochinki
27762
54 070’
44 087’
198
1887 – 1935,

1991 – 1999
1991 – 1999

37
Kosmodemiansk
27479
56 035’
43 057’
108
1887 – 1935,

1991 – 1999
1991 – 1999

38
Kursk
34009
51 065’
36 018’
246
1842 – 1935,

1991 – 1999
1991 – 1999

39
Siyzran
27983
53 017’
48 047’
104
1991 – 1999
1991 – 1999

40
Zemetcheno
27857
53 050’
42 062’
122
1879 – 1950,

1991 – 1999
1991 – 1999

41
Biser
28318
58 052’
58 085’
463
1991 – 1999
1991 – 1999

42
Perm-Bakharevka (Molotov)
28225
58 002’
56 030’
170
1991 – 1999
1991 – 1999

43
Orenburg (Chkalov)
35121
51 075’
55010’
109
1843 – 1950,

1991 – 1999
– 1999

2. For a research of the Caspian Sea level, the following diurnal, monthly and annual data in points reduced in tab. 6 are necessary:
The table 6: Points of Information on Observations Behind a Sea Level
##
Points
Years of observations



1
Ostrov Svinoy
1923 – 1940, 1953 – 1999

2
Baku
1830 – 1999

3
Neftiyniye Kamni
1953 – 1999

4
Sumgait
1948 – 1999

5
Makhchkala
1900 – 1999

6
Ostrov Tyuleniy
1938 – 1999

7
Ostrov Peshnoy
1929 – 1953, 1964 – 1999

8
Ostrov Kulaliy
1936 – 1999

9
Fort Shevchenko
1921 – 1999

10
Aktau (Shevchenko)
1961 – 1999

11
Bekdash
1930 – 1999

12
Kara – Bogaz – Gol
1921 – 1999

13
Kuuli – Maiyk
1900 – 1917, 1921 – 1999

14
Turkmenbashi (Krasnovodsk)
1915 – 1920, 1922 – 1999

15
Ostrov Ogurchinskiy
– 1999

3. Points of information on a monthly average and annual runoff to the Caspian Sea in points reduced in tab. 7:
The table 7: Points of Information on Runoff
##
River – Point
Years of observations


1
Volga – Volgograd
1959 – 1999

2
Branch of Achtuba River – Achtubinsk
1961 – 1999

3
Volga – v. Verchnelebyazhie (main gauge line)
1961 – 1999

4
Volgo – Achtubinskaya flood land – 

v. Verchnelebyazhie
1961 – 1999

5
Branch of Achtuba Rivar – v. Dosang
1961 – 1999

6
Volga – v. Verchnelebyazhie (Summary Runoff)
1961 – 1999

7
Kura – . s.Saliyaniy
1930 – 1999

8
Sulak – s. Sulak
1999

9
Samur – v. Usukchay
1999

10
Terek – stanitsa Kargalinskaya
1999

The note: In connection with carry of points on r.r. Terek, Kura and Samur points of observations in them lowers per the last decade can have other titles.
4. The data of meteorological observations (1930 - 1999) on following island meteorological stations are necessary for calculation precipitation, which are falling out on a surface of the sea of evaporation: Kulaliy, Tyuleniy, Neftyaniye Kamni, Kuuli-Mayak, Ogurchinskiy and servers located at coast: Baku, Makhachkala, Turkmebashi (Krasnovodsk) and Fort Shevchenko. In particular, the following meteorological characteristics for separate months and years (1900 - 1999) are necessary for calculation of evaporation from a water surface by a method Penman-Monteith: 
1. Monthly average air temperature 
2. Maximum air temperature 
3. Minimum air temperature 
4. Precipitation
5. Relative air moisture in %
6. Speed of a wind
7. Duration of solar light
Besides on indicated servers the points of information on monthly and annual values of water temperature are necessary.
Table 8: List of Meteorological Stations in the River Basins Input to the Caspian Sea
##
Station
Index
Coordinates
Altitude,




N
E
m

1
Shariya
27271
58о22’
45о32’
139

2
Kostroma
27333
57о46’
40о57’
139

3
Bologoe
26298
57о54’
34о03’
178

4
Ostashkovo
26389
57о08’
33о07’
217

5
Yaroslavl
27331
57о35’
39о55’
103

6
Vladimir
27532
56о08’
40о23’
170

7
Volokolamsk
27502
56о02’
35о58’
189

8
Elatma
27648
54о57’
41о46’
136

9
Ryazan
27731
54о37’
39о43’
135

10
Oryol
27906
53о00’
36о02’
203

11
Loyno
28014
59о44’
52о39’
190

12
Sovetsk
27391
57о36’
48о58’
119

13
Noviy Toriyal
27491
57о00’
48о44’
143

14
Gorkiy
27553
56о13’
43о49’
82

15
Poretskoe
27675
55о11’
46о20’
121

16
Saransk
27760
54о11’
45о11’
201

17
Kazan, opornaya
27598
55о45’
49о12’
119

18
Ufa, Dyoma
28722
54о45’
56о00’
197

19
Meleuz
28925
52о57’
55о58’
179

20
Bezvodovka
27388
53о30’
47о57’
263

21
Kuybyishev
28900
53о15’
50о27’
44

22
Penza
27962
53о08’
45о01’
174

23
Kamyishyin
34363
50о05’
45о25’
58

24
Astrakhan, GMO
34880
46о16’
48о02’
18

25
Cherdyin
23914
60о24’
56о31’
206

26
Colikamsk
28026
59о39’
56о48’
180

27
Kungur, g.d.
28326
57о25’
56о56’
140

28
Nozhovka
28319
57о05’
54о45’
130

29
Sarapul
28418
56о28’
53о44’
133

30
Kuzino
28339
57о01’
59о29’
334

31
Rzhev
26498
56о27’
34о32’
195

32
Vyishniy Volochek
26393
57о58’
34о57’
167

33
Ivanovo
27347
56о95’
40о93’
128

34
Kirs
28009
59о33’
52о23’
169

35
Kirov
27196
58о65’
49о62’
165

Continue of the Table 8: List of Meteorological Stations in the River Basins Input to the Caspian Sea
##
Station
Index
Coordinate
Altitude,




N
E
m

36
Pochiki
27762
54о70’
44о87’
198

37
Kozmodemiansk
27479
56о35’
43о57’
108

38
Kursk
34009
51о65’
36о18’
246

39
Syizran
27983
53о17’
48о47’
104

40
Zametchino
27857
53о50’
42о62’
131

41
Biser
28138
58о52’
58о85’
463

42
Perm – Bakharevka
28225
58о02’
56о30’
170

43
Orenburg
35121
51о75’
55о10’
109

44
Gunib
37463
42о24’
46о58’
1546

45
Kirovobad
37735
40о43’
46о25’
311

5. Monthly and annual levels to following points of observations: Sartas (1936 - 1938), Chagala (1936 - 1941), Kizil-Kup (1936 - 1944) and Kurguzul (1940 - 1954). 
Simulation  of  the  Caspian  Sea  level  by  water  balance  equation.

Computing  of  the  Sea  level  by  water  balance  equation  including  authorth’s  model  (F.S.Terziyev, e.t.c, 1992)  is  made  for annual  time  intervals.  This  model  was  adopted  also  for  the  computing  of  the  Sea  level   in   the  monthly  time  intervals  in  the  1999th.  Simulation  of  the  Sea  level  on  monthly  means  of  Sea  water  balance  components  is  possible  only  for  individual  years  evidently.  Non-stop  simulation  on  the  monthly  means  of  the  water  balance  components  has  essential  errors.  Runoff  of  the  Volga  and  other  rivers, measured in  individual  months  in  river lower  reaches  or  upper  part  deltas months,  does  not forms   completely the  changes  in the  Sea  level. Runoff these  rivers  forms  corresponding  Sea  level  change  with  delay  because  of  runoff  means  measured  at  gages  having  time  displacement  and  runoff  transformation  in  the  deltas  or  lower  reaches  rivers.  Figure  25  shows  comparison  of  the  measured  Sea  levels  and  it  means  computed  by  water  balance  for  the  end  of  the  month.  The  computing  was  made  by  the  means  of  the  water  balance  components  determined  at  the  SOI  ( Golubtsov V.V., e.t.c, 1995).  Figure  25  shows  it  is  had  definite  divergence  between  observed  and  computing  level  means  that  caused  by  above-mentioned  causes  and  also  insufficient  exactness  of  computing  monthly  evaporation.  It  needs  to  take  into  account  a  runoff  routing  by  daily  intervals  and  spreading  time  of  flow  from  the  Volga  and  others  rivers  into  the  Caspian  Sea  for  removal  these  accuracy.  It  needs  also  to  define  more  precisely  the  monthly  evaporation  values  from  Sea  surface,

Figure  26  shows  the  measured  means  of  the  Sea  level  at  the  end  of  the  month  and  the  levels  designed  by  water  balance  equation.  The  water  balance  components  means  determined  by  the  SOI  (Golubtsov V.V.,e.t.c, 1995)  were  used  under  computing.  This  figure  show  small  residual  existing  between  measured  Sea  levels   and  their  model-computed  means  at  the  end  of  the  each  year  that  indicates  on  preferential  use  of  the  Sea  level  simulation  by  the  annual  means  of  the  water  balance  components.  It  can  be  used  for  the computing   and  forecast  of  the  Sea  level  in  the  near  future  and  more  distant  perspective. 
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Figure 3:

Chronological Graph of an Annual Sumnary Natural Rumoff

to the Caspian Sea
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Figure a:

Difference Intearated Curve of an Annual Summary

Natural Runoff to the Caspian Sea
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Figure 5: Chronological Graph of an Annual Air Temperature

in the Uolga River Bazin
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Figure 6:

Difference Intearated Curve of an Annual

Air Temperature in the Uolga River Bazin
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Figure 7:

Chronological Gruph of an Annual Sums of Precipitation

in the Uolga River Bazin
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Figure 8: Difference Integrated Curve of an Annual Sums

of Precipitation in the Uolga River Bazin
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Figure 9:

Chronological Graph of an Annual Natural

Uolga River Runoff
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Figure 10: Difference Integrated Curve of an Annual Natural

Uolga River Runoff
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Figure 11:

Chronological Graph of the Uolga River Runoff Coefficient
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Figure 12:

Difference Intearated Curve of the Uolga River

Runoff Coafficient
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Figure 17:

Chronological Graph of an Annual Sums Effective

Evaporation fron the Caspian Sea Surface
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Figure 18:

Difference Intearated Curve of an Annual Suns Effective

Evaporation fron the Caspian Sea Surface
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Figure 19:

Chronological Graph of an Annual Runoff of Sea Water

to the Kara-Bogaz-Gol Bay
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Figure 20 Difference Integrated Curve of an Annual Runoff of Sea Water

to the Kara-Bogaz-Gol Bay
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Figure 21: Graph of Link of the Integrated Characteristics
of Elaporation Fron the Cagpian. Sea surface
2a1euTavea ona Tachniaue GOIN (Ea, thousand m) and
D2fined From the Hater Balance Eauation (En, thousand mm>
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Figure 22: Graph of Link of the Intearated Characteristics
of Evaporation from tha Cagpian Sea Surface
Salcuiated on a Tachniaua Smirnova K.(Es, thousand mm) and
Dafined from the Hater Balance Equation (En, thousand mm>
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Figure 23:

Chronological Graph of Change of the Caspian Sea Sauare
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Figure 24: Cheonological Graph of Change of the Caspian Sea Uolune
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Figure 25:

Chronological Graph of the Caspian Sea Level

on an Month End C"0"-ar =

——nature

—20.00m

nonth
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Figure 26 Chronological Graph of the Caspian Sea Level

on an Year End ("0"-ar = -28.00 >
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Figure 9:

Chronological Graph of an Annual Natural

Uolga River Runoff







