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Comparison between Roshidromet’s 12 monthly forecast and a water balance estimate (1999 &2000)

1
 Introduction

Roshidromet, the hydrometeorological Service of Russia, has published annually for almost half a century an official forecast of monthly Caspian Sea levels. The forecast starts in May and extends to April in the following year. Monthly mean and mean annual sea levels are based on data recorded at seven locations around the coast at Makhachkala, Baku, Chilov Island, Fort Shevchenko, Guvlymayak, Turkmenbashi, and Kara-Bogaz-Gol). Mean sea levels are computed as a simple arithmetic mean of these seven stations.

The forecast is based on an approximate solution of the water balance equation of the Sea. Annual and interannual, seasonal and monthly Caspian Sea level fluctuations of water bodies depend on variations in inflow and outflow.The water balance approach to forecasting changes over intervals of one month is the logical approach. The evaluation of the separate water balance components, is also indicative of the causes for the changes in Sea levels.

The components of the Caspian Sea water balance are river inflow, precipitation falling on the sea surface, underground inflow, sea evaporation and water flowing to the Kara Bogaz Gol Bay. 

The highest Caspian Sea level is observed in the months June to July,when inflow is highest, and the lowest in February to March, when the inflow of the rivers is at a minimum. The evaporation from the sea surface take place throughout the year, and reaches a maximum value in August and September, when the temperature of the surface water also reaches its maximum value, and the surface flow sharply decreases. As a result, the water inflow is much less then evaporation and the water level starts to be lower.

The Caspian Sea level change is calculated by the method described in / 4 / and summarised below:

· The components of a water balance are calculated for the previous year, and level increments compared with the observed data. Actual changes in monthly levels are broken down into monthly flow increments and increments due to precipitation, evaporation and underground flow, the flow to the Kara-Bogaz-Gol Bay and density changes.

· The transformation flow increments for different sea regions are calculated using last years actual monthly flow increments.

· For each of 7 water level stations the total increment of last years levels are re-checked and compared with the actual recorded data. 

· River inflow to the Sea for the coming year is based on the March levels of water in the reservoirs in the river Volga and Kura hydroelectric power schemes. Forecasts of hydropower releases are provided for April, May and June. With a knowledge of the Volga flow for the first six months of the year the annual flow is calculated using the formula

Qannual = 1.275 Q6months+ 44Volga

· The flow for the remaining 5 months is assumed to be 38% of the annual forecasts. Typical seasonal distributions are, April - June 42 %, July - December 38 % and January - March 21%. The monthly distribution for the July to December flows are 7%, 6%, 6%, 6%, 6%, and 7%. Forecasts of monthly flow volumes of Ural, Terek, Sulak rivers and the mean annual monthly flow of the Iranian coastal rivers (14km3) are then added to the estimated Volga flows to produce the forecast of annual monthly inflows to the Caspian Sea. The monthly increases in sea levels are calculated for January to April using recorded levels. For the remainder of the year, average coefficients are used to estimate the surface area of the sea starting with 1.000 in March, rising to 1.014 in July before falling to 1.000 in the following January. The estimated monthly inflows are then used with the surface areas to calculate the rise in sea levels due to inflow only

· The next step in the Roshydromet forecasting procedure is to adjust the level increments calculated for inflow alone to allow for the time of travel to the individual water level recording stations. For the two stations at Mahachkala and Fort Shevechenko, a lag of about 1month is assumed. A weighted mean level change is calculated based on the mean of (the calculated monthly value, twice the previous monthly value and the value of the previous month but one) The remaining four stations at Baku,  Zhiloy Island, Kuum-Mala, Kara Bogaz Gol and Turkmenbashi are assumed to have a 2 month delay (it is likely that these delays are a consequence of delta storage rather than due to a flood wave as generally assumed). The delay is introduced by a weighted mean comprising of calculated monthly values: the previous monthly value and twice the value of the previous month but one

· To correct the calculated flow level increments for the inclusion of sea evaporation, precipitation and ground water inflow, the average annual remainder of the water balance equation over a period of 10 years are added back into the forecast. This in effect includes the error component in the water balance equation including any datum errors.

· The flow increments and average adjustments are made monthly from May until December of a current year and from January until April of the next year for each of 7 water level recording stations

· For a zero reference datum (Ho) the mean recorded level in April is used. Knowing Ho and the increment of a level from month to month (H, the level is calculated for the year for each of 7 stations.

If required the forecast is revised in August using the hydro-power discharge forecasts for the remainder of the year.

Note that the forecast of Caspian Sea level increments based on the water balance equation is not a reliable enough procedure and can result in considerable errors, especially when there are large sea level changes. The problem is that components of the water balance (evaporation, rainfall, and sub-surface flows) are calculated with insufficient accuracy. Therefore their mean values over several years are often applied. Of all the components of the water balance equation the most reliable are water level observations.

The main purpose of this work is to make a comparison, retrospectively, between changes in sea levels based on a water balance equation method for 1999 and 2000 and recorded data and Roshidromet forecasts.

2.
 Possible error sources in the forecast of annual changes in levels

2.1 
 Accuracy of the sea level Observations

For all water level stations, except for Makhachkala, the observations of sea level are read manually. Over time gauges are moved under normal operating conditions as a result of storms, tectonic processes etc. As a rule such changes are not immediately reported. Therefore, the observations of sea level for some periods may be in error. It is difficult to define the date of such errors. There is also the influence of storm surges on level observations. During a winter season, with strong constant winds, the storm surges can result in considerable deviations in the values of monthly average level from the mean level of the whole sea. For example, the location of the level post in Makhachkalinskiy port experiences surges at the location of the gauge. With a south-east wind the sea level is reduced, and with north-west wind of the level indicates above average levels. For example, in February 1985 the sea average level increase was 6 cm, whilst the gauge at Makhachkala registered a reduction in monthly level of 11 cm. In November the average sea level reduced by 3 cm, while in Makhachkala port there was an increase in level of 6 cm Such situations are observed in other years.

There are doubts raised when entering corrections in the observation data. Because of these problems gauges should regularly be corrected, This not always done. 

Also not all the gauges are levelled in to the Baltic datum. The anomalous sea level records makes it difficult to provide an impartial assessment of an average sea level and its changes from one month to another. 

Also s a result of the rise in sea level of almost 2.5m between 1978 to 1975, some of gauging posts were drowned, specially in the northern shallow-water areas of the Caspian Sea,. This has resulted in a reduction of gauging network in the northern Caspian sea.

2.2
 Possible errors in an estimation of a river flow into the Caspian Sea

From all items of the water balance equation only surface river flow is measured instrumentally, and from more than 130 rivers running into the Caspian Sea, in the balance calculations only the 6 largest rivers Volga, Kura, Ural, Terek, Samur and Sulak are utilised. The volume of the Iranian coastal river flow and inter-fluvial flow is assumed to be a constant input. 

The main error sources in river flow are connected with regulation of a Volga, Kura and Ural flow. The biggest error is in defining the Volga flow, which represents approximately 80 % of total flow running into the Caspian Sea. These errors, on the one hand, are affected by possible violations of agreed releases of water downstream of the Volgograd hydroelectric power station. It is difficult to estimate variations in losses in the delta. An approximate calculation of water losses in the Volga delta is made using a formula which should be updated. The analysis indicates, that the largest errors take place in periods of rapid changes of inflow into the sea. 

As for error sources in level increments, related to river flow from the Volga delta to the gauges far from the delta, i.e. taking into account the transformation flood wave on its journey to the sea, from North to the South, the situation is rather complicated. In the reference / 8 / on the basis of a joint analysis of flow level increments and actual sea level changes it was shown, that the time of Volga water flow through the delta varied. So, for points Makhachkala and Fort Shevchenko situated close to Volga river mouth, the time of travel takes about one month, and for more remote posts from Volga river mouth (such as Baku, Turkmenbashi etc.) it takes about two months. In 1987 a method was introduced, taking into account the time of travel. The sea level increments for the gauges at Makhachkala and Fort - Shevchenko due the time lag was calculated by the following formula:

(H flow i = ((H flow (i-1) + 2 (H flow i + (H flow (I+1)) /4       (, 1)

and for posts of Baku, Chilov island, Guvlymayak, Kara-Bogaz-Gol and Turkmenbashi by the formula:

(H flow i = (2 (H flow (i-1) + (H flow i + (H flow (i+1)) /4        (, 2)

Such an empirical method may seem difficult to justify, but it makes a significant improvement to the accuracy of the forecasts. For the application of this procedure it is necessary take into consideration two important factors, that can influence the accuracy of calculation of the flow increments. 

There is no unidirectional stable flow of waters into the Caspian Sea from a North to the South. Drift and gradient currents and storm surges influence the movement of Volga. As a result the average monthly levels at the gauges is determined not only by transformation of river Volga flow.

Monthly allocation of the flow level increments has a significant influence on natural inflow into the Caspian Sea and in particular for the river Volga. With river regulation the role of this factor has decreased. The water entering the sea has become more attenuated in comparison with more regular flooding under natural conditions. In conditions of regulation the regularity of flood wave distribution to the sea is broken, down by hydroelectric power stations. It has influenced the time of a flood wave from the Volga mouth to gauges on the Caspian Sea. The time can fluctuate over a wide range. This problem demands more detailed study 

2.3
 Possible error sources in the calculation of evaporation

The value of evaporation from the Caspian Sea surface is not measured directly but it is calculated by different formulas. Consequently the calculation of evaporation in the water balance is the most difficult procedure, although, along with a volume of a flow of the rivers, the value of evaporation, it is the most significant component of the water balance of the Sea.

Essential circumstance handicapping the calculation of evaporation from a sea, is the absence of regular long-lived observations on temperature of water, air and humidity in the sea areas, remote from the shore. The regular observations on these parameters are conducted at 12 inshore stations. However, these data do not reflect the true values of these components outside of the near-shore areas and the calculation of evaporation using these data results in over-estimations. Therefore, for values of evaporation obtained from inshore data, it is necessary to apply the corrections. Attempts at the calculation of evaporation from open surfaces of the sea were made repeatedly, but the results of calculations obtained by the different scientists, essentially differed from each other even in case of calculation of mean annual values. These differences are explained by the quality of input data, with which the calculations are made, and by differences in the formulae, which were used. 

The following type of formula is most frequently used for calculation of evaporation:

E = k* D*W, (3)

Where E is the rate of evaporation from a sea surface; D is the moisture deficit and W is the wind velocity 

The main problem in the application of this type of formulas is in the selection of the coefficient k. The question is that this factor varies in rather broad limits and essentially depends on local physio-geographic conditions, and also on the area of water. There was an opinion, that in the large water areas of the Caspian Sea, the rate of evaporation does not depend on the area of water surface. In / 1 / it was showed, that this opinion does not correspond to an actuality. The opinion is that air masses should travel over large distances measured in hundreds of miles, to gain the high humidity in the lower atmosphere. Detailed researches of Caspian Sea conditions, indicate the use a coefficient k equal to 0,4. Evaporation and moisture deficits are measured in mm / month, and wind velocity in m\s.

 2.4
 Possible error sources in Caspian Sea precipitation estimates
Imperfection of observational methods for precipitation and the almost complete absence of direct observations over the Caspian Sea, results in a wide range of estimates by scientists of mean annual precipitation of up to 270 mm. Thus, the amount of precipitation falling on the surface of the Caspian Sea is distributed very irregularly in time and area. It is understandable, that it is difficult to take into account all the diversity of local conditions, which effect not only estimates of monthly values but also mean annual values.

3.
 Retrospective calculation of sea levels in 1999 and 2000 using the water balance equation

3.1
 Input data
For realization of water balance calculations, the data of hydrometeorological observations (temperature of water and air, precipitations, level) on 12 inshore and island stations and level posts for the period 1999-2000 were used. (Makhachkala, Fort - Shevchenko, Neftianye Kamni, Turkmenbashi, Guvlymayak, Kara-Bogaz-Gol, Chilov island, Lenkoranj, Baku, Sumgait, Aktau, Tulaniy island). The monthly average data on water discharge on closer range of the rivers of Volga, Kura, Ural, Terek, Samur, and Sulak, and also planned values of water discharge by Volgograd hydroelectric power station and forecast of water content of the rivers running into the Caspian Sea, were given by the department of river hydrological forecasts of Roshydromet. 

3.2
Calculation of a water balance

The main point for calculation of a Caspian Sea water balance is to define the volume (км3) of incoming and outgoings discharges. Each month and subsequent matching of balance level change of the sea (cm of a layer) with actual changes. The annual values of balance received by algebraic addition of month values of incoming and discharging water.

The month and annual increment of a Caspian Sea level was calculated from the water balance using the following equation:

(H  = ( (Q flow + P + Q underground - E - Q KBG) / S  + (H r, (4)

Where (H is the increment in sea level in cm; Q flow and Q underground values of a total inflow of water by the rivers running into the Caspian Sea and underground inflow; P is precipitation; E is evaporation, Q KBG is flow from the sea into Kara-Bogaz-Gol Bay; S is area of the sea (km2); (H r is correction to (H due to density changes in a water column controlled by variations of thermal and saline balances.

The losses of water in Volga delta is approximately estimated by the formula

Q loss= 0,034 Q vol + 0,22, (5)
Where Q loss - loss of water in a delta of Volga; Q vol - volume of the Volga flow at Volgograd (HPS).

The evaporation from a sea surface was calculated by the formula:

E = 4,6 tw +20,    (6)

Where E is the evaporation from a sea surface (mm/month); tw - mean of sea temperature at12 stations for the previous month. Taking into consideration, that values of water temperature in coastal areas are higher, than in the high sea in formula (6) values of evaporation were reduced by 5 %.

The rainfalls on the sea surface (mm/month), were calculated by the formula:

Prm. = 0,98 P m + 1,7 (tw - ta) -1,     (7)

Where Prm is the monthly precipitation on the sea surface; Pm is monthly average station precipitation; tw - ta – monthly average difference of water temperature and air recorded at measuring stations.

The flow from the sea to the Kara-Bogaz-Gol Bay was determined by the data of direct measurements of water discharges in the channel. In the middle of 1992 after the opening of a dam, the difference between sea levels and levels in the bay had reached 7 m. As a result of which the Bay was rapidly filled. By the middle of 1995 the difference of levels between the Sea and the Bay was about 1 m. After 1995 this difference fluctuated about a mean, equal 0,44 m, and the annual flow to the Bay was about 18 km3. The water discharge in the channel is controlled by this level difference and the hydraulic conditions of the channel. This was taken into account in the calculations.

The underground water inflow into the sea is the least reliable value. Under the data of the different researches its value fluctuates from 2 up to 40 км3 annually. In calculations it was assumed to be constant and equal to about to 4 km3 annually.

The results of the annual calculations of the water balance are given in the Tables 1 and 2, and Figure 1.
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Figure 1.
 A course of a level of the Caspian Sea (deviation in cm from 28,0 м) in 1999 (а) and 2000 (б): 1-actual; 2-computed; 3-prognostic

Table 1
Water balance of the Caspian Sea – 1999

Month
Inflow (km 3)
Discharge (km 3)
(B

km3
(HB

cm
(Ha
cm


(HB

-

(Ha


HB
Ha




Flow
Rainfall
Ground

inflow
(
Evap
Flow into

KBG
(







1
2
3
4
5
6
7
8
9
10
11
12
13
14

I
20,31
4,46
0,33
25,10
19,48
0,90
20,38
4,72
0,5
0
0,50
89
88

I
22,25
3,05
0,33
25,63
17,43
0,87
18,30
7,33
1,5
1
0,5
91
88

III
31,68
4,19
0,33
36,20
18,77
1,02
19,79
16,4
4,2
5
-0,8
95
96

IV
41,97
3,33
0,33
45,63
22,19
1,10
23,29
22,3
6,0
3
3,0
99
96

V
64,53
8,28
0,33
73,14
27,85
1,50
29,35
43,8
12,1
6
6,3
105
100

VI
31,35
0,00
0,33
31,68
34,30
1,99
36,29
-6,6
0,7
11
-10
111
110

VII
20,22
6,85
0,33
27,40
45,13
2,30
47,43
-20
-3,0
-4
1,0
112
108

VIII
19,74
12,5
0,33
32,60
49,78
2,62
52,40
-20
-3,9
-1
-2,9
107
110

IX
18,90
12,8
0,33
32,00
53,84
2,10
55,94
-24
-7,0
-12
5,0
100
100

X
14,83
15,7
0,33
30,86
44,41
1,51
45,92
-15
-5,2
-6
0,80
93
93

XI
16,12
18,3
0,33
34,71
37,85
1,00
38,85
-4,1
-3,1
-3
-0,1
90
89

XII
16,10
2,42
0,33
18,85
25,67
0,80
26,47
-7,6
-3,2
-1
-2,2
88
85

Annual
318,0
91,8
3,96
413,8
396,7
17,71
414,4
-0,6
-0,1
0,0
0,90
98
97

Table 2
Water Balance of the Caspian Sea – 2000 

Months
Income (km 3)
Discharge (km 3)
(B

km3
(HB
cm
(HB

cm
(HB-

(HA
HB
HA


Flow
Rainfalls
Ground

inflow
(
Evap
Flow

  KBG
(







1
2
3
4
5
6
7
8
9
10
11
12
13
14

I
15,12
11,36
0,33
26,81
20,03
0,90
20,9
5,88
0,810
-2
1,19
86
87

II
13,61
4,92
0,33
18,86
16,14
0,87
17,0
1,85
0,07
0
0,07
86
87

III
17,39
11,03
0,33
28,75
17,50
1,02
18,5
10,2
2,62
2
0,62
89
89

IV
31,35
0,90
0,33
32,58
20,24
1,10
21,3
11,2
3,17
2
1,17
92
91

V
62,53
4,59
0,33
67,45
30,91
1,50
32,41
35,04
10,04
5
5,04
102
96

VI
28,87
0,67
0,33
29,87
36,05
1,99
38,04
-8,17
-0,18
0
-0,18
103
104

VII
22,81
0,00
0,33
23,14
43,20
2,30
45,50
-22,4
-3,59
10
-13,6
99
106

VIII
18,07
0,86
0,33
19,26
49,82
2,62
52,44
-33,2
-7,35
-5
-2,35
92
101

IX
18,50
18,01
0,33
36,84
50,73
2,10
52,83
-16,0
-4,98
-8
3,02
87
93

X
17,12
20,93
0,33
38,38
43,93
1,51
45,44
-7,06
-3,11
-8
4,89
84
85

XI
17,16
16,19
0,33
33,68
34,16
1,00
35,16
-1,48
-2,38
-1
-1,38
82
84

XII
16,24
8,62
0,33
25,19
27,01
0,80
27,81
-2,62
-1,87
-3
1,13
80
81

Год
278,8
98,08
3,96
380,8
389,7
17,71
407,4
-26,6
-6,75
-8
-1,25
90
91

There are following symbolic notations:

Q flow – general river flow (km3);

P - rainfalls that are falling out on a sea mirror (km3);

E - evaporation from the sea surface (km3);

Q undegr  - underground inflow (km3);

Q KBG - flow of seawaters into Kara-Bogaz-Gol Bay (km3);

(B - change in sea volume by balance. It is determined as a difference between income and discharge parts of the water balance (km3).

(HB - computational increment of a sea level (cm). Estimated from sea volume change (B and sea area S, appropriate to the average increment of the sea level plus annual density variations of a level.

S - area of the sea (km2). It is determined on a hypsometric curve   describing relation of the of the Caspian Sea area from a position of an average sea level. Its changes from one month by another allow the possible influence on value of evaporation and rainfalls, and also at recalculation of the water volume in a sea level increment.

H в  - computational monthly average and annual average value  of a sea level.

H a  - actual monthly and annual increment of a sea level (cm).

H в - H a  - difference between computed and observed increments of a sea level. Characterizes the error of a water balance calculation. 

3.3
Anomalies in Caspian Sea levels in 1999 and 2000

In Table 3 the statistical values of sea levels in 1999 and 2000 are listed. From the table it can be seen, that the amplitude of fluctuations during 1999 and 2000 was identical and was 25 cm. In 1999 the mean annual sea level in comparison with the mean annual level of 1998 has - 27,03 m. (97 cm). 

Table 3
Statistical Values of the Sea Level, computed for 12 stations of the Caspian Sea in cm)

Years
Statistical features
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
Ann.

Aver.

1999
Maxim.
107
105
108
108
111
123
122
140
136
124
112
94
116


Min.  
65
66
72
73
78
94
93
96
81
76
76
74
79


Amplitude
42
39
36
35
33
29
29
44
55
48
36
20
37


Average
88
88
96
96
100
110
108
110
100
93
89
85
97

2000
Maxim.
96
101
102
106
115
122
121
118
111
97
95
93
106


Min.  
75
76
77
83
85
93
93
87
77
69
68
66
79


Amplitude
21
25
25
23
30
29
28
31
34
28
27
27
27


Average
87
87
89
91
96
96
106
101
93
85
84
81
91

In 1999 the maximum monthly average level was in June - 26,90 m. (110 cm), and in July 2000 was108 cm. The minimum monthly average level in 1999 and 2000 was in December and was - 27,15 m. (- 85) and - 27,19 m. (81 cm). In all months the sea level in 2000 was lower than in 1999. Average annual value of a sea level in 2000 was lower by 6 cm than 1999. If we examine the variability of level during 1999 and 2000 at different gauging stations, the picture is rather mixed. In the Tables 4 and 5 the deviations of gauges from mean monthly average sea levels in 1999 and 2000 are listed. 

Table 4 
 Deviation of a Monthly Average Sea Level Significant from Its Annual Average Significant(1999)


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

Mahachkala
-3
-2
10
6
9
11
8
7
-4
-13
-12
-9

Fort Shevchenko
-8
-6
-5
0
2
13
13
9
-2
-4
-7
-5

Neft. Kamniy
-5
-7
-3
-3
2
7
10
11
6
7
-8
-12

Turkmenbashi
-16
-15
-9
-8
-3
13
12
23
13
2
-2
-5

Guvlymayak
-12
-10
-5
-2
5
17
15
15
1
-6
-10
-9

Kara-Bogaz-Gol
-9
-5
4
8
14
17
6
5
-10
-15
-14
-17

Chilov island
-3
-9
-7
-6
6
13
18
6
0
-2
-5
-10

Lenkoranj
-6
-8
-5
-5
-2
-8
-3
27
23
11
-1
-23

Baku
-11
-10
-6
-2
5
18
17
16
3
-7
-8
-18

Sumgait
-8
-14
-4
-1
0
11
12
14
7
-4
1
-12

Aktau
-7
-5
-3
1
5
15
14
12
-2
-6
-10
-9

Tuleniy island
-15
-14
20
4
1
14
9
10
1
-9
-11
-13

Average
-9
-9
-1
-1
4
12
11
13
3
-4
-8
-12

Table 5 
Deviation of monthly average sea levels from the 12-station mean


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

Mahachkala
0
-3
-3
-3
1
19
13
6
-4
-4
-6
-14

Fort Shevchenko
-3
-3
-3
-1
2
11
13
3
-3
-5
-5
-5

Neft. Kamniy
-1
-2
-1
-5
2
2
14
10
1
-5
-5
-9

Turkmenbashi
-7
-6
-5
-1
4
15
16
11
2
-7
-11
-13

Guvlymayak
-7
-6
-4
-1
5
14
15
13
2
-6
-9
-11

Kara-Bogaz-Gol
-7
-6
-5
3
6
14
15
10
2
-7
-10
-11

Chilov island
-4
-5
-3
-7
4
16
11
10
6
-5
-7
-13

Lenkoranj
-10
-9
-7
-2
11
18
16
14
7
-11
-12
-17

Baku
-9
-4
-3
1
6
15
16
13
4
-8
-10
-12

Sumgait
-4
-3
-1
-3
5
6
11
10
1
-8
-7
-8

Aktau
-3
-3
-1
3
5
13
13
7
-3
-11
-12
-14

Tuleniy island
-2
-9
-7
0
-1
2
15
5
-8
-7
-9
-11

Average
-5
-5
-4
-1
4
12
14
9
1
-7
-9
-12

In 1999 the Lenkoranj gauge was re-installed and the monthly average values in the second half of the year have appeared much higher, than those atother gauges. Apparently it might be explained by the heavy precipitation which fell in this region. in 2000.

In the Table 6 annual sea level increments for 1999 to 2000 are presented.

Table 6
Sea level increments (cm) from 1999 till 2000 by different gauges


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

Mahachkala
-4
-7
-20
-16
-15
1
-2
-8
-7
2
5
-12

Fort Shevchenko
2
0
-14
-4
-3
-5
-3
-9
-4
-4
-1
-3

Neft. Kamniy
-3
-2
-5
-9
-7
-12
-3
-8
-12
-19
-4
-4

Turkmenbashi
12
12
7
10
10
5
7
-9
-8
-6
-6
-5

Guvlymayak
0
-1
-4
-4
-5
-8
-5
-7
-4
-5
-4
-7

Kara-Bogaz-Gol
-7
-10
-18
-14
-17
-25
0
-4
3
-1
-5
-3

Chilov island
-3
2
2
-3
-4
1
-9
2
4
-5
-4
-5

Lenkoranj
-13
-10
-11
-6
4
17
10
-22
-25
-31
-20
-3

Baku
2
6
3
3
1
-3
-1
-3
1
-1
-2
6

Sumgait
-1
6
-2
-7
0
-10
-6
-9
-11
-9
-13
-1

Aktau
-2
-4
-4
-4
-6
-8
-7
-11
-3
-11
-8
-11

Tuleniy island
8
0
-32
-9
-10
-17
1
-10
-14
-3
-3
-13

Average
-0,9
-0,7
-8,2
-5,3
-4,3
-5,3
-1,5
-8,2
6,7
-7,8
-5,4
-5,1

An analysis of the water balance components demonstrates, that between January and May there were positive level variations due to the inflow component of a water balance, and in the season since June till December there were negative level variations due to evaporation exceeding flow and rainfall. In 1999 the inflow component reached 413.8 km3 for the year, and annual discharge component, 402.7 km3 i.e. inflow exceeded outflow by 11.1 km3. As a result levels rose by 2.88 cm. The actual annual average increment was equal to zero. Thus, the error in the calculation of the sea level using the water balance equation was 2.88 cm (Tab. 7)

Table 7
Comparison of Recorded Levels and Computed by Water Level Equation with the results of the Caspian Sea level forecast in1999

Months
H

(by 12 posts)
H

(by 7 posts)
H computed.
H forecasting

I
88
86
89
95

II
88
87
91
88

III
96
92
95
92

IV
96
95
99
94

V
100
101
105
104

VI
110
112
111
115

VII
108
108
112
115

VIII
110
107
107
112

IX
100
95
100
103

X
93
89
93
95

XI
89
86
90
93

XII
85
85
88
93

Average annual
97
95
98
100

In 2000 the inflow was 396 km3 and outflow was 380 km3 and the balance was -14,9 km3, The level was calculated level to fall by 4 cm. The recorded fall was also 4 cm, so the water balance estimate was exactly correct. 

According to the forecast of Roshydromet for 1999 the expected increase in sea level was 3.cm to 5 cm, actually it dropped by 2 cm, i.e. the error of the forecast was about 5 cm.

In 2000, a reduction of 1 - 4 cm was forecast or a level of 95 cm. The observed level was 91 cm, i.e. the forecast was justified. Thus, retrospective calculations of a level by the water balance equation and the forecast coincided. (Table.8).

Table 8
Comparison of the recorded levels and computed levels by Water Balance Equation with the results of the Caspian Sea level forecast in 2000 

Months
H(12 gauges)
H (7gauges)
H balance
H forecast

I
87
87
86
87

II
87
87
86
87

III
89
88
89
88

IV
91
91
92
91

V
96
96
102
98

VI
104
105
103
106

VII
106
106
99
108

VIII
101
101
92
102

IX
93
93
87
93

X
85
85
84
85

XI
84
84
82
82

XII
81
81
80
81

Mean
91
92
90
92
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