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Ab stract—Con sidered is the wa ter bal ance model of the estuarine sea side of the Volga and Ural rivers
and the North Cas pian Sea as well as of its sep a rate parts. The fol low ing com pu ta tional spa tial el e ments, 
three parts of the North Cas pian Sea, are sin gled out: the shal low zone of the Volga River estuarine sea -
side, the deep zone in the west ern part of the North Cas pian Sea, and the east ern part of the North Cas -
pian Sea. The in put pa ram e ters in this model are evap o ra tion from the wa ter sur face com puted us ing the 
ISPAR tech nique and pre cip i ta tion depth cor rected us ing the tech nique of the cor rec tion of the mea -
sured amount of pre cip i ta tion worked out by the Main Geo phys i cal Ob ser va tory and Kazakh Re search
Hydro meteoro logi cal In sti tute. The com pu ta tions are based on the data of ob ser va tions at four weather
sta tions: Zelenga (Rus sia), Peshnoi Is land, Kulaly Is land, and Fort Shevchenko (Kazakhstan). The wa -
ter in flow to the Volga River delta top cor rected by the value of nat u ral evap o ra tion loss in the delta is
used as the wa ter in flow to the North Cas pian Sea. The wa ter in flow from the Ural River delta to the
North Cas pian Sea is es ti mated from the data of Makhambet hy dro log i cal sta tion. Using the wa ter bal -
ance model, the wa ter bal ance com po nents can be com puted for the sep a rate parts of the North Cas pian
Sea and the wa ter bal ance equa tion can be solved re gard ing the wa ter bal ance out flow from these parts.
The vol ume of the wa ter out flow from the North Cas pian Sea to the Mid dle Cas pian Sea is de ter mined
as a re sult of wa ter ex change be tween them. The vari a tions of ba sic com po nents of the North Cas pian
Sea fol low ing dif fer ent typ i cal sce nar ios (typ i cal years de ter mined from the Volga River run off) are
com puted us ing its wa ter bal ance model. An a lyzed are the spatiotemporal reg u lar i ties of wa ter re dis tri -
bu tion in the North Cas pian Sea with ac count of the river run off vol ume, evap o ra tion loss, and amount
of pre cip i ta tion at dif fer ent back ground lev els of the Cas pian Sea.    
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IN TRO DUC TION

In the wa ter bal ance stud ies of wa ter bod ies, the meth ods and tech niques of wa ter bal ance (WB) com pu -
ta tion en able es ti mat ing quan ti ta tively wa ter re sources and op ti miz ing their use: work ing out the strat egy of 
wa ter pol icy, car ry ing out prog nos tic com pu ta tions for sub stan ti at ing mea sures on the pre ven tion of un de -
sir able con se quences of cli ma tic and anthropogenic changes in hy dro log i cal con di tions, and de vel op ing the 
pro jects of ef fi cient wa ter use and en vi ron men tal pro tec tion. 

The wa ter bal ance of the North Cas pian Sea (here in af ter, the North Cas pian) is the set of pa ram e ters
char ac ter iz ing its hydro meteoro logi cal con di tions and is de fined by the data of the stan dard ob ser va tional
net work both on the ter ri tory of the es tu ar ies of the Volga and Ural rivers and around the wa ter body. The
most op ti mal pe riod for com put ing WB is a month for which sea sonal and cli ma tic changes in wa ter re -
sources and their hy dro log i cal con di tions can be suc cess fully an a lyzed. It is known that the in de pend ent es -
ti mate of all WB com po nents, namely, the in flow and out flow of wa ter and the change in its re serve in the
wa ter body for the com pu ta tional time pe riod is cho sen as the main con di tion for such com pu ta tion. Using
the equa tion of the WB of the wa ter body, only one of its com po nents can be de ter mined; as a rule, it can be
nei ther mea sured nor es ti mated in an other way. In this case, the value of such com po nent con tains all er rors 
of the com pu ta tion of other WB com po nents. 
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WA TER BAL ANCE MODEL OF THE NORTH CAS PIAN

Let us consider the following water balance model: the Northern Caspian–the estuarine seaside of the
Volga and Ural rivers [6]. The scheme of the North Caspian with the separated parts, their borders, and
depth is presented in Fig. 1. The area of the North Caspian at the sea level of –27, –28, and –29 m BS is
104.6  ́103, 90.1  ́103, and 71.9  ́103 km2, respectively. The area of this part of the Caspian Sea was
computed from the data presented in [2] depending on the water level. 

The fol low ing ba sic com pu ta tional spa tial el e ments were sin gled out:

—the shal low zone of the Volga River estuarine sea side (the area is 0.10 (here in af ter, the area is given in 
the frac tions of the to tal North Cas pian area) and the cur rent mean depth is 1.5–2 m); 

—the deep zone in the west ern part of the North Cas pian (the area is 0.38 and the mean depth is 6–8 m);

—the east ern part of the North Cas pian (the area is 0.52 and the mean depth is 4–5 m).

Using the wa ter bal ance model [6], wa ter bal ance com po nents can be com puted for the sep a rate parts of
the North Cas pian and the wa ter bal ance equa tion can be solved re gard ing the wa ter bal ance out flow from
its each con crete part:

W W W W Wout in p ev= + - - D (1)

where Wout is the vol ume of the wa ter out flow; Win is the vol ume of the wa ter in flow; Wp is the vol ume of
pre cip i ta tion fallen to the wa ter sur face;  Wev is the wa ter sur face evap o ra tion loss; DW is the change in  wa -
ter vol ume. All wa ter bal ance com po nents are con verted into cu bic ki lo me ters. The equa tion does not in -
clude the in flow (out flow) of un der ground wa ter due to the poor hydrogeological ex plo ra tion of the re gion
and due to the low sig nif i cance of this vari able as com pared with other wa ter bal ance com po nents of the
North Cas pian. The vol ume of the wa ter out flow to the Mid dle Cas pian is de ter mined as a re sult of  wa ter
ex change be tween its parts. 

 The wa ter bal ance of the North Cas pian was com puted for monthly time pe ri ods in typ i cal years se -
lected fol low ing the Volga River run off. These are the low-water years 1977 and 2006 and high-water
years 1979 and 2005. The Cas pian Sea level was equal to about –29 m BS in 1977 and 1979 and –27 m BS
in 2005 and 2006. 

The vol ume of the an nual wa ter run off at the Volga River delta top amounted to 198 and 205 km3 in the
low-water years 1977 and 2006, re spec tively, and 319 and 289 km3 in the high-water years 1979 and 2005.
The thor ough anal y sis of the data of Rus sian and Kazakh ma rine hy dro log i cal sta tions in the North Cas pian 
dem on strated that its mean level can be com puted most re li ably as the arith me tic mean of the data from
Kulaly Is land and Fort Shevchenko sta tions. Wa ter ac cu mu la tion in each part of the North Cas pian per
month is com puted as the prod uct of the monthly mean value of the area of the cor re spond ing part by the
dif fer ence in back ground wa ter lev els com puted for the end and be gin ning of month. The sea level at
Iskusstvennyi Is land ma rine hy dro log i cal sta tion is taken as the back ground level for the shal low zone of
the Volga River estuarine sea side, and the mean level from the data of Fort Shevchenko and Kulaly Is land
sta tions, for the deep west ern and east ern parts of the North Cas pian. 
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Fig. 1. (a) The sat el lite im age of the North Cas pian and (b) its scheme with the sep a rated ar eas with dif fer ent depths and with
the bor ders of its parts. (1) The mean depth is 2–4 m; (2) the mean depth is 5 m and more; (3) the bor der of the North Cas pian;
(4) the bor der of its east ern part; (5) the bor der of the shal low zone of the Volga River estuarine sea side.  



THE INPUT PARAMETERS OF THE NORTH CASPIAN WATER BALANCE MODEL
AND THEIR CLIMATIC AND SPATIOTEMPORAL VARIABILITY

The in put pa ram e ters of the North Cas pian wa ter bal ance model are as fol low ing: evap o ra tion depth
from the wa ter sur face com puted by the meth ods [4] implemented in the ISPAR tech nique (orig i nal soft -
ware worked out by L.P. Ostroumova and reg is tered in the Goskomgidromet Branch Foun da tion of Al go -
rithms and Pro grams, in ven tory num ber Zh 051411072); the pre cip i ta tion depth cor rected us ing the tech -
nique of the cor rec tion of the mea sured amount of pre cip i ta tion worked out by the Main Geo phys i cal Ob -
ser va tory and Kazakh Re search Hydro meteoro logi cal In sti tute (MGO–KRHI) [3, 5]; the wa ter in flow to
the North Cas pian from the Volga and Ural rivers.

The com pu ta tions based on the ISPAR [4] and MGO–KRHI [3] meth ods were car ried out us ing the data
of ob ser va tions at four weather sta tions: Zelenga (Rus sia), Peshnoi Is land, Kulaly Is land, and Fort
Shevchenko (Kazakhstan). This en ables ob tain ing the more ac cu rate (as com pared with the re sults of [6])
val ues of evap o ra tion loss and of pre cip i ta tion fallen to the sea sur face (area) of the North Cas pian and its
sep a rate parts. The wa ter in flow from the Volga River to the North Cas pian is the vol ume of wa ter in flow to 
the delta top af ter de duc tion of the vol ume of to tal vis i ble evap o ra tion loss com puted us ing the Volga River
delta wa ter bal ance model [7]. The wa ter in flow from the Ural River was de ter mined from the data of ob ser -
va tions of wa ter run off at Makhambet hy dro log i cal sta tion. These pa ram e ters are pre sented in cu bic ki lo -
me ters in wa ter bal ance com pu ta tions. 

The ISPAR technique is intended for estimating the evaporation from the water surface. It uses the method 
of empirical formulae and the formula by A.P. Braslavskii that was published in 1986 in the proceedings of
the 5th hydrological congress. In this technology the evaporation process is simulated as the interaction
between two phenomena, namely, between the mass exchange in the water surface plane and the water
vapor transport from it in the atmospheric surface layer. The parameters of the model are meteorological
parameters measured at ground-based weather stations which are afterwards recalculated for the water
surface. The temperature of the thin surface water layer in the water body is computed from the equation of
its heat balance [4]. The variability of the values of evaporation in the water balance of the North Caspian
and its separate parts in typical years is demonstrated in Fig. 2. 

The anal y sis was car ried out of the cli mate change im pact on the value of the North Cas pian Sea sur face
evap o ra tion loss (Figs. 2a and 2b). The warm ing oc curred in this area of the North Cas pian from 1977 to
2006 (30 years) and the value of evap o ra tion loss per year de creased by 30 mm on av er age. This took place
due to ev ery year de crease in evap o ra tion depth that occurs from Jan u ary to Au gust. Al though the dif fer -
ence be tween the wa ter tem per a ture and air tem per a ture in these months in creased by 0.5°C on av er age, the 
wind speed de creased by 0.4 m/s that caused evap o ra tion de crease. The evap o ra tion from the North Cas -
pian Sea sur face in au tumn-winter pe riod both in high- and low-water years in creased. As a re sult, win ters
be came warmer and more hu mid and the dif fer ence be tween the val ues of wa ter tem per a ture and air tem -
per a ture de creased in sig nif i cantly, but the wind speed over the sea sur face in creased by 0.1 m/s on av er age. 
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Fig. 2. The climate change impact on evaporation loss E from the North Caspian surface in (a) the low-water years (1) 1977 and
(2) 2006 and (b) in the high-water years (3) 1979 and (4) 2005; the intraannual variability of evaporation loss in its (5) eastern
and (6) deep western parts in (c) 1979 and (d) 2006.  



The ex am ple of the spatiotemporal vari abil ity of evap o ra tion loss for monthly time pe ri ods is pre sented
in Figs. 2c and 2d. The com pu ta tion of evap o ra tion depth from the shal low zone of the Volga River
estuarine sea side was car ried out us ing the me te o ro log i cal pa ram e ters mea sured at Zelenga sta tion, the
evap o ra tion from the east ern part of the North Cas pian, us ing the mea sure ment data from Zelenga and
Peshnoi Is land sta tions, and the evap o ra tion from the deep west ern part, us ing the mea sure ments from
Zelenga and Fort Shevchenko sta tions. The re sul tant evap o ra tion in the east ern and deep west ern parts of
the North Cas pian was ob tained as the arith me tic mean of the data from two sta tions of each of these re -
gions. Evap o ra tion loss is af fected by the po si tion of the sep a rate parts of the North Cas pian (their north ern
lat i tude). An nual evap o ra tion from its east ern part was smaller than from the deep west ern part mainly due
to evap o ra tion in sum mer months: in May, June, Au gust, and Sep tem ber in 1979 and in June–Au gust in
2006. The an nual value of evap o ra tion from the east ern part of the North Cas pian as com pared with its deep 
west ern part was smaller by 55 mm in 1979 and by 80 mm in 2006.

To assess the inflow component of the North Caspian water balance (precipitation), the data were used
of precipitation observations using the Tret’yakov precipitation gage at coastal weather stations located on
the territory of Russia and Kazakhstan. To obtain the real (corrected) values of precipitation, the systematic
errors of measurements by this instrument are corrected by means of introducing some adjustments. The
methods worked out in the 1960s–1970s and the techniques developed by MGO–KRHI (1991) [3] and
State Hydrological Institute and the Main Geophysical Observatory (SHI–MGO) (2000) [1] were analyzed. 
This enabled introducing the following corrections to the precipitation measured by the Tret’yakov precipi- 
tation gage: the correction for the precipitation bucket wetting, the correction for evaporation from its surface, 
the correction for false precipitation coming to the precipitation gage during the blizzard, and the correction 
for the wind-induced underestimation of precipitation. The computation was carried out using the techniques
[1, 3] of the introduction of corrections to the measured precipitation. The results were compared and
analyzed of the numerical experiment [5] for Mud’yug station located in the Northern Dvina estuary (the
north of Russia) and Zelenga station located in the Volga River estuary (the south of Russia). In the
northern regions of Russia (Mud’yug station), the methods and techniques of applying the corrections to
the measured precipitation worked out by SHI–MGO and MGO–KRHI gave  similar results. The annual
values of the amount of precipitation corrected by these methods almost coincide and amount to 626 mm.
The underestimation is equal to 204 mm (49% of measured precipitation). The maximum difference
between the values of the amount of precipitation corrected by these methods to 10 mm was obtained in
October (Figs. 3b and 3d). It is permissible to use both these techniques for applying the corrections to 
precipitation in the north and northwest of Russia. In the south of Russia (Zelenga station) the difference
between these two techniques in the values of precipitation correction for all months in the year had the
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Fig. 3. Monthly val ues of (1) the mea sured amount of pre cip i ta tion h and that cor rected by (2) MGO–KRHI and (3)
SHI–MGO meth ods and the dif fer ence be tween these meth ods Dh in the es ti mates of cor rec tions to the to tal monthly pre cip i -
ta tion. (a, c) Zelenga sta tion, 2011; (b, d) Mud’yug sta tion, 2009.



same sign and was equal up to 4 mm (the correction by the SHI–MGO method was smaller) that indicates
the systematic error in one of the methods (Figs. 3a and 3c). In our opinion, the systematic error in the
correction of the measured precipitation is given by the SHI–MGO method. The higher significance of
water evaporation in the south of Russia as compared with the north and the significant number of cases
when small amount of precipitation was measured require the direct physically-based computation of the
correction for evaporation from the precipitation bucket that, in turn, enables estimating accurately the
correction in the case of the measurement of zero precipitation (precipitation trails). Such approach to
applying precipitation corrections was implemented only in the MGO–KRHI technique. Therefore, it is
more preferable to use this technique for the water balance studies of water bodies in the south of Russia
(for southern stations) [5]. 

At Zelenga station the underestimation of precipitation by the SHI–MGO method as compared with the
MGO–KRHI technique amounted to 21 mm per year (12% of the amount of measured precipitation): it
varies from 0.2 to 3.7 mm depending on the month (Fig. 3c). The precipitation component in the water
balance of the North Caspian was obtained by means of averaging the precipitation measured and corrected 
by the MGO–KRHI method for four stations (Zelenga, Peshnoi Island, Kulaly Island, and Fort Shevchenko).
The monthly and annual variability of this water balance component in typical years is presented in Table 1. 
The annual maximum amount of such corrected precipitation fallen to the North Caspian Sea surface (that
equals 233 mm) was obtained for 1979, the minimum one (132 mm), for 2005. The maximum amount of
precipitation falls in October and the minimum falls in August, as a rule.  

The ap pli ca tion of cor rec tions to the mea sured pre cip i ta tion is needed for wa ter bal ance com pu ta tions
be cause the value of pre cip i ta tion per year in creases by the value from 20 to 60% and that of monthly pre -
cip i ta tion, by tens and hun dreds of percents, es pe cially in the case of the small amount of pre cip i ta tion and
if we ac count pre cip i ta tion reg is tered as pre cip i ta tion trails. 
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Ta ble 1. Amount of precipitation fallen to the North Cas pian sur face mea sured by the Tret’yakov pre cip i ta tion 
gage h and cor rected by the MGO–KRHI method [3, 5] ¢h  and the dif fer ence be tween them Dh (un der es ti ma tion)

Para-
me ter

Jan u -
ary

Feb -
ru ary March April May June July Au -

gust

Sep -
tem -
ber

Oc to -
ber

No -
vem -
ber

De -
cem -
ber

To tal
an -
nual

1977

h, mm
¢h , mm

Dh, %

5.9
12.9
119

6.3
10.7
70

1.0
3.4
235

0.5
4.2
735

4.5
6.8
52

14.8
21.7
46

5.9
8.3
40

14.2
17.5
24

7.3
8.8
20

15.6
20.3
30

6.9
11.4
65

7.5
19.2
156

90
145
61

1979

h, mm
¢h , mm

Dh, %

4.0
12.5
213

5.2
12.8
148

19.6
25.4
29

39.8
47.9
20

8.1
9.7
20

2.9
4.5
52

5.9
11.7
99

2.0
3.0
54

7.4
10.6
43

34.6
46.0
33

4.9
11.3
132

27.1
37.6
39

161
233
44

2006

h, mm
¢h , mm

Dh, %

11.9
30.9
161

6.5
16.5
155

8.6
10.6
24

14.1
17.8
26

8.3
10.7
29

7.1
9.7
36

3.1
6.0
94

0.8
1.1
47

7.2
8.9
24

25.0
29.0
16

23.9
32.1
34

19.2
27.6
43

136
201
48

2005

h, mm
¢h , mm

Dh, %

7.5
10.4
39

10.7
15.1
42

3.5
6.6
89

6.0
7.3
22

6.1
7.9
31

12.2
17.1
41

3.5
6.8
94

0.2
1.0
383

7.4
9.9
34

16.4
20.6
25

3.5
4.9
42

19.6
24.1
23

96
132
37

Note: The underestimation of pre cip i ta tion is given in the percents of mea sured pre cip i ta tion.



THE WA TER BAL ANCE OF THE NORTH CASPIAN
AND ITS SEP A RATE PARTS

The basic components of the water balance of the North Caspian and its separate parts obtained using the
water balance model following various typical scenarios for 1977 and 2006 (low-water years) and 1979 and 
2005 (high-water years) enable assessing their spatiotemporal variability. The comparison of separate
water balance components and their monthly variations computed for each separated part of the Caspian Sea
was carried out for the low-water years when their features are most strongly pronounced (Fig. 4). For exam-
ple, the shallow zone of the estuarine seaside of the Volga River is transit for its monthly runoff (Figs. 4a
and 4b). The maximum value of the outflow component in this zone was equal to 1.0–1.2 km3 from May to
July, 1977 and 1.1–1.6 km3 from May to August, 2006. The inflow of the Ural River water to the eastern
part of the North Caspian is much smaller than the evaporation loss in all months of the year except winter
ones (Figs. 4c and 4d). In some months the water inflow to the deep western part is comparable to the value
of evaporation loss but is in general larger than it (Figs. 4e and 4f). 

In Fig. 5, the variations are presented of the inflow and outflow components of water balance in the
separate parts of the North Caspian in low-water years at the different levels of the Caspian Sea. 

The water balance outflow from the eastern part of the North Caspian computed from the water balance
equation is a negative value (Figs. 5c and 5d). It is obvious that the inflow of the Volga River runoff to the
eastern part is needed for maintaining the single water level in the North Caspian. The water outflow from the
deep western part to the Middle Caspian decreases dramatically in April and July (Figs. 5e and 5f) being the
months with the high values of evaporation loss and the low runoff of the Volga and Ural rivers (Figs. 4e
and 4f).
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Fig. 4. Monthly variations of the volume of water balance components: (1) the inflow component Win equal to the water in-
flow plus precipitation, (2) the outflow part Wev equal to evaporation loss, and (3) the variations of the volume DW in the
different parts of the North Caspian in the low-water years (a, c, e) 1977 and (b, d, f) 2006 at the sea level close to –29 and –27 m
BS, respectively. Here and in Fig. 5: (a, b) The shallow zone; (c, d) the eastern part; (e, f) the deep western part of the North
Caspian. 



In Fig. 6, the annual values are compared of the water balance of the North Caspian and its separate parts 
in the typical year selected according to the water runoff at the top of the Volga River delta in the periods
when the Caspian Sea level was about –29 and –27 m BS.

The shal low zone is the zone of the Volga River run off tran sit not only for the month but also for the
year. Nat u ral evap o ra tion loss, pre cip i ta tion, and wa ter ac cu mu la tion are in sig nif i cant as com pared with the 
run off vol ume (Fig. 6a). In the east ern part the most im por tant role is played by nat u ral evap o ra tion loss
that de fines the hy dro log i cal con di tions in this part of the North Cas pian. The wa ter bal ance out flow has a
neg a tive value. This means that a part of the Volga River run off hav ing this vol ume co mes to the east ern
part (Fig. 6b). The in flow to the deep west ern part is the Volga River out flow from the shal low zone af ter
de duc tion of the wa ter out flow needed for main tain ing the wa ter level in the east ern part (a part of the out -
flow from the shal low zone). The wa ter bal ance out flow to the Mid dle Cas pian Sea is ob tained by means of
solv ing the wa ter bal ance equa tion for the deep west ern part of the North Cas pian (Fig. 6c). 

The variability of the annual values of water balance components is presented in Fig. 6d, and the annual
water balance of the North Caspian in typical years is given in Table 2. The difference in the North Caspian
surface evaporation loss at the Caspian Sea level of –27 and –29 m BS is 12 km3 in high-water years 2005
and 1979 and 25 km3 in low-water years 2006 and 1977. At the higher levels of the Caspian Sea, the
volume of evaporation from the Caspian Sea surface is larger in spite of the fact that evaporation is smaller.
The water outflow to the Middle Caspian Sea depends to the highest degree on the value of the Volga River
runoff.

CON CLU SIONS

The tran sit out flow of the Volga River wa ter to the deep zone of the west ern part of the North Cas pian
dom i nates in the shal low zone of the Volga River estuarine sea side: 250 and 217 km3 in high-water years
2005 and 1979, re spec tively, and 140 and 143 km3 in low-water years 2006 and 1977, re spec tively. Its
intraannual vari abil ity agrees with the form of the run off hy dro graph on the ma rine edge of the Volga River 
delta. In May–Au gust here the max i mum vol ume of evap o ra tion from the wa ter sur face is 1.2–1.9 km3 per
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Fig. 5. The intraannual variability of (1) the inflow component Win  + Wp and (2) the water balance outflow Wout in the
different parts of the North Caspian in the low-water years (a, c, e) 1977 and (b, d, f) 2006. The explanations are the same as in
Fig. 4. 



month. In the years with the var i ous wa ter con tent the max i mum monthly vol ume of wa ter ac cu mu la tion
in May varies within 1.3–3.3 km3 and the wa ter run off on the ma rine edge of the delta var ies within
38.0–64.7 km3.

In the eastern part of the North Caspian, the water balance outflow to the deep zone of its western part
computed from the water balance equation, turned out to be negative during the most part of the year (especi-
ally in the year that is considered low-water according to the Ural River runoff), i.e., water flows from the
deep western part to the eastern part. In the case of the decreased inflow of water to the eastern part from the 
Ural River, especially in the months with high evaporation from the water surface, the considerable water
balance transport takes water from the deep western part of the North Caspian to its eastern part (up to 9.7 km3 

in June 2006). As a whole, the volumes of inflow components of the water balance in the eastern part of the
North Caspian are much smaller than for the shallow and deep western parts where the Volga River runoff
prevails. The monthly volumes of evaporation from the sea surface in the eastern part of the North Caspian
are comparable and even exceed the volumes of the water balance inflow from the deep western part (from
4 to 9 km3 in summer months) both in 1979 and 2005 and in 1977 and 2006. 

The out flow of the Volga River wa ter to the Mid dle Cas pian ex ists in the deep west ern part of the North
Cas pian in all months of the year. The wa ter out flow to the Mid dle Cas pian de creased dra mat i cally both in
high- and in low-water years in the months with the max i mum evap o ra tion of wa ter af ter the snowmelt
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Fig. 6. An nual wa ter bal ance of the North Cas pian and its sep a rate parts in the typ i cal years: (a) the shal low zone of the
estuarine sea side; (b) the east ern part; (c) the deep west ern part; (d) the North Cas pian at the sea level of –29 m BS (1977 and
1979) and –27 m BS (2005 and 2006). (1) Wa ter in flow; (2) vis i ble evap o ra tion from the wa ter sur face; (3) the vol ume
change; (4) the wa ter out flow; (5) the Volga River run off; (6) the Ural River run off; (7) pre cip i ta tion; (8) evap o ra tion; (9) the
North Cas pian vol ume change; (10) the wa ter out flow to the Mid dle Cas pian. 

Ta ble 2. An nual val ues of the wa ter bal ance com po nents (km3) of the North Cas pian

Year
Wa ter run off

Pre cip i ta tion Evap o ra tion Vol ume
change

Out flow to
the Mid dle

Cas pianVolga River Ural River

1977
1979
2005
2006

195
313
283
201

2.9
7.8
9.6
2.8

10.8
16.5
14.2
19.6

65.3
71.9
86.1
90.6

–3.5
15.2

4.6
–6.9

147
250
217
140



flood (July–Au gust) and reached the zero value in the low-water year 2006. The max i mum monthly evap o -
ra tion falls on Au gust (about 6 km3 both in 2005 and 2006 and about 4 km3 both in 1979 and 1977). In this
part the de crease in the wa ter vol ume takes place in side the year dur ing the sum mer-autumn low-water pe -
riod (up to 1.5–2.1 km3 in Sep tem ber 1979 and 2005 and up to 0.3–1.7 km3 in No vem ber 1977 and 2006).  

In the high-water year 2005 the water balance outflow from the North Caspian to the Middle Caspian
amounted to 250 km3 and (for the comparison) the inflow of water to the Volga River estuary top was equal
to 313 km3. In the low-water year 2006, these values were equal to 140 and 201 km3, respectively. In 2005
the Ural River runoff  was also much larger than in 2006 (9.6 and 2.9 km3, respectively). The maximum wa- 
ter balance outflow to the Middle Caspian in the high-water year 2005 was equal to 54.7 km3 in May, and the
minimum one, 3.6 km3 in July. In the low-water year 2006, the maximum value of the water balance
outflow to the Middle Caspian was equal to 24.8 km3 also in May. The water balance outflow decreased to
1.3 km3 in July and was equal to 7.4 and 8.7 km3 in June and August, respectively. The similar picture was
also observed in the low-water year 1977: the maximum value of the water balance outflow to the Middle 
Caspian was equal to 29.4 km3 in May. The water balance outflow decreased to the minimum value of 4.9 km3

in July.  

The intraannual dis tri bu tion of the vol umes of in flow and out flow of wa ter in dif fer ent years is of
change able and com plex na ture de pend ing on the intraannual dis tri bu tion of the run off of the Volga and
Ural rivers and on evap o ra tion and pre cip i ta tion in the North Cas pian Sea area. 

The wa ter bal ance out flow to the Mid dle Cas pian for the time pe ri ods of the month and year can be as -
sessed from the North Cas pian wa ter bal ance equa tion. The ac cu racy of com pu ta tion of wa ter out flow to
the Mid dle Cas pian based on the wa ter bal ance equa tion (1) can be ob tained tak ing into ac count the ac cu -
racy of de ter mi na tion of all its com po nents: wa ter run off Sr, pre cip i ta tion Sp, evap o ra tion Sev, and ac cu mu -
la tion SDW. The to tal root-mean-square er ror Sout for es ti mat ing the wa ter out flow to the Mid dle Cas pian ob -
tained from the wa ter bal ance equa tion can be com puted from the fol low ing equa tion:

Sout = + + +S S S S Wr p ev
2 2 2 2

D . (2)

Let us assume that the determination error is 5% for Sr, 5% for Sp, 4% for the year and 11% for the month 
for Sev, and according to the data of [4], the North Caspian Sea level is 2 cm at the estimation of SDW. Then,
the value of Sout is equal to 10 km3 and 16 km3 at the water outflow volume to the Middle Caspian of 149
(1977) and 250 km3 (1979), respectively. The probable error equal to 0.674Sout amounted to 7 km3 in
1977 and 11 km3 in 1979. In July 2006, the value of Sout was equal to 0.7 km3 at the water outflow volume of
1.3 km3 and the probable error was 0.5 km3. In July 1977, the value of Sout was equal to 0.65 km3 at the water 
outflow volume of 4.9 km3 and the probable error was 0.4 km3.
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