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INTRODUCTION

During the working out of the long-time forecast of the extreme climate events in the
North-Caspian region, the authors used present day famous and basic regularities of the
Erath influence from circle vibrations of the sun activity and fluctuations of the speed
rotation of the Earth under the influence of the summary gravitation interaction between
the Earth, the Moon and the Sun and other planets.
RHYTHMS OF THE SUN ACTIVITY AND THEIR INFLUENCE UPON THE LONG-TIME
CLIMATE EVENTS IN THE NORTH-CASPIAN REGION

In Sidorenkov’s work (3) there are close connections of the rotation fluctuations of the
Earth alongside with vibrations of climate characteristics. In the period of slow speed
rotation of the Earth the repetition of the meridional form of the atmosphere circulation (C)
in the first sector of the North hemisphere (from 50 w. l. till 80 e. l.) increases, and zonal
(W and E) decreases.
Masses of ice decreases in the polar zones and the paces of the growth of the global air
temperature, summary quantity of cloudiness and precipitations. The medium wind speed
increases in the earth layer and evaporation from the surface and sea.
In 1973 there began the period of the speed up Earth rotation, which will finish in 20052010. After that there will come the period of slow down Earth speed rotation, which will
bring to the new climate epoch, duration of which will be about 35 years (till 2040-2045).
The influence of the sun activity processes upon the Earth climate was fixed more than two
centuries ago and nowadays is not being disputed about. The basic circles of the sun
activity are the following:
• 11-year circles (by Schwab-Wolf) are fixed by the quantity of spots on the Sun surface.
There the circle is the time distance between two minimums of the sun spots. The
duration of the circle is from 7,3 till 17,1; the average of it is 11,2 (from there its name
11-year goes). Since 1755 every circle has the ordinal number. At present the 23d
circle is continuing.
• 22-year circles (by Hoil). During the changing one 11-year circle to another changes
the polarity of the head and tail sun spot in each hemisphere of the Sun, which allowed
Hoil to single out the 22-year period, consisting from even and odd 11-year circles.
• 80-year (“century”) circles were fixed by A. L. Gansky. In 1939 Gleisberg counted the
duration of the century circles – 78 years.The existence of these circles was confirmed
by M. N. Gnevyshev.
• 190-year circles (“indiction”). In 1948 L. L. Predtechensky fixed the circle of the sun
activity -190 years. It was called indiction-returning. D. A. Bonov counted the duration
of the indiction – 176 years (8 circles by 22 years).
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The differences in magnetic properties of even and odd 11-year circles define the
differences of their influence upon the Earth climate. Since the middle of 2007 the new 24year circle will start. The circle is even. His influence upon climate characteristics will
appear in the following:
• the atmosphere pressure in the arctic zone will decrease during the maximum sun
activity and in the temperate latitude it will increase;
• the zonal type of the atmosphere circulation will increase in the maximum of the sun
activity;
• well-developed univocal magnetic poles will strengthen the meridional type of the
atmosphere circulation during the even 11-year circle;
• turn for the worse of meridional circulation in the middle latitude will strengthen the
temperature contrasts by intrusion of the arctic air till latitude 30-50 n. l. and it will
bring the summary temperature fall.
taking into consideration the summary quantity of the sun spots in the 11-year circle
besides the basic there distinguish three more maximums of the activity:
- before 1-2 years till the basic;
- in 1-2 year after the basic;
- in 5 years after the basic.
Besides:
- univocal magnetic poles on the sun surface are best developed on the fall branches
and on the minimum of the sun activity of the 11-year circles, connected with the
sector structure of the magnetic poles:
1)with the maximum sun activity;
2)not long before the minimum of the sun activity.
NOTE:

The influence of the sun activity upon the climate characteristics are by regional character.
They strengthen atmosphere processes in some regions and weaken in others. The change
of the climate on the coast and the eupatorium of the North Caspian region have one
direction character. The temperature regime of Astrakhan, Tyuleny isle, Kulaly isle,
Ganyushkino, Atyrau, Peshnoi, Fort-Shevchenko during 1938-2003 changed
synchronically. The periods of the sudden change of the temperature go simultaneously
and have one trend – increasing or decreasing.
The usage of the many-year-data observations of the air temperature in Astrakhan since
1836 allowed to single out the peculiarities of the temperature regime since the 8th till the
23d 11-year circle of the sun activity to spread them on the whole North-Caspian region.
We may single out indiction (1833-2007). It consists from two century circles (1833-1923
and 1924-2007) and from eight 22-year ones. The duration of the circle is 175 years (by
Bonov).
Every century circle consists of eight 11-year ones. The duration of the first is 91 years, of
the second is 84.
Peculiarities of the temperature regime of the sun activity circles (table 1) are:
• medium air temperature of the even 11-year circle is colder that of that odd one,
together they are the 22-year circle by Hoil, in the average the difference is 0,5 degrees;
• medium temperature of the cold season (November-march) of the even circle is colder
than of that odd one, the difference is at about 0,9 degrees;
• medium temperature of the march air of the even circle (0,8 degrees difference),
February (1,7 degrees difference), December (1,1 degrees difference) is colder than of
that according temperatures of the odd circle;
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•

medium air temperature of the period of sun activity fall of the even 11-year circle is
colder than of that odd one (the average difference is 1,0 degrees)
the lowest temperature during the century circle of the sun activity has the first and the
third 11-year circles; from the fifth till eighth 11-year circles the air temperature
increases;
medium temperatures of 22-year circles increase from the first till the fourth (in the
century circle);
medium temperature of the even and odd 11-year circles, in the century circle,
increases from the first till the fourth;
the biggest growth of the air temperatures is in the first and fourth of the 22-year circles
(0,6 degrees).

•
•
•
•

Table 2. The distribution of the average air temperature according the sun activity circles

Сº

11- year circle
cold
seas IV
on

№
circle

duration

8, 9

XI.1833-VI.1843
VII.1843-IX.1855

3.6 -5.2 -8.1 -5.7 -1.2 -3.2 8.7 16.9 22.7 25.3 21.2 17.4
3.4 -3.4 -7.2 -4.4 0.4 -2.6 9.3 18.0 22.5 25.0 23.1 17.1

21.5
21.7

10.1
10.6

9.0
9.6

10,11

XII. 1855-II.1867
III.1867-XI.1878

2.5 -4.2 -6.2 -7.4 -0.5 -3.4 9.2 17.5 23.0 25.9 21.3 17.8
4.4 -2.7 -6.8 -6.7 0.2 -2.3 9.8 17.4 22.4 24.9 23.7 17.6

21.5
21.2

9.1
10.4

9.0
9.5

12,13

XII. 1878-II. 1890
Ш.1890-ХП.1901

2.7 -1.9 -6.6 -6.5 0.1 -2.6 8.4 18.3 22.7 25.6 23.2 16.3
1.3 -3.7 -6.4 -5.0 0.5 -2.5 9.2 18.2 23.3 25.7 21.7 16.0

21.2
21.6

9.6
9.9

9.2
9.5

14,15

I.1902-VII.1913
2.8 -2.9 -6.3 -5.3 -0.1 -2.5 9.3 18.1 23.3 25.7 23.5 17.0
VIII.1913-VII.1923 1.7 -1.8 -2.8 -4.0 0.6 -1.0 10.8 18.1 23.0 25.6 23.2 16.7

21.6
21.3

9.4
9.2

9.4
10.0

VIII.19232.2 -3.4 -7.1 -8.3 -0.7 -3.5 9.4 17.7 22.7 25.0 23.3 17.3
16,17 VIII.1933 IX. 19332.5 -3.4 -7.5 -5.4 -0.2 -2.9 10.1 17.8 22.7 26.0 24.2 17.6
I.1944

21.2
21.7

10.0
9.9

9.1
9.5

XI

XII

I

II

III

V

VI

VII VIII IX

warm cold
year
season season

18,19

П.1944-Ш.1954
IV.1954-IX.1964

1.5 -4.4 -7.3 -6.3 0.3 -3.4 10.2 18.2 23.4 25.3 24.0 17.4
1.6 -2.8 -4.4 -4.0 0.2 -1.9 10.2 18.5 23.7 25.6 23.4 17.0

21.6
21.6

8.6
10.1

9.4
10.0

20,21

X.1964-V.1976
VI.1976-VIII.1986

3.8 -1.9 -6.5 -5.8 0.7 -1.9 11.1 18.6 22.8 25.0 23.4 17.3
3.4 -1.7 -4.9 -5.0 1.7 1.2 11.6 18.3 22.2 25.1 23.5 17.5

21.4
21.3

9.8
8.4

9.9
10.0

22,23

IX.1986-VII.1996
VIII. 1996-

2.3 -2.6 -3.8 -4.4 1.9 -1.3 11.5 17.5 23.1 25.2 23.0 17.6
3.1 -2.4 -3.1 -1.0 3.7 0.1 11.2 17.1 22.9 25.6 24.2 17.6

21.2
21.5

10.0
10.6

10.2
10.8

norm

1836-2005

2.8 -3.0 -5.9 -5.3 0.4 -2.3 10.0 17.9 22.9 25.4 23.6 17.3

21.4

9.7

9.6

On the whole, during the century circle of the sun activity (80-90 years) the temperature
regime develops in the following way: the decrease of the temperature during the first and
the third 11-year circles is lower the norm (9,6 degrees Celsius), from the fifth till the
eighth 11-year circles the increase of the temperature is above the norm.
The temperature regime differs vividly on the different stages of the 11-year circles. In the
stage of the sun activity fall there about 70 per cent of the extremely cold and warm years
(winter seasons). The repetition of the cold years 3 times oftener in even 11-year circles
and the repetition of the warm years (winter seasons) 2 times oftener in the odd 11-year
circles.
The new, the 24th even 11-year circle of the sun activity will begin in the middle of 2007
and will continue till the middle of 2017 (the forecast). The summary duration of the circle
will be 10,8+\-0,7 years. The basic maximum of the sun activity will be in the first half of
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2011. The maximums of 5-6year circles are expected in the end of 2009 – the beginning
2010 and the of 2014 – the beginning 2015.
Usual for the even 11-year circles decrease of the atmosphere pressure in the polar regions
during the periods of the increasing sun activity will bring to the move of the arctic
anticyclone to the north-east. Atlantic cyclones, forming in the humid sea air, will be
northerner than usual, which will bring to decrease of precipitations in the Volga and the
Kama.
In the north-Caspian region anticyclone being of the climate will increase under the
influence of Azorsky and Siberian anticyclones. The weather will be dryer. The quantity of
the precipitations will decrease, especially during autumn-winter season and in spring.
Continental arctic air mass, in which Siberian anticyclone is formed, will define sharp
falling of the temperature.
Intensification of the meridional form of circulation of the atmosphere during the periods
of maximum sun activity will bring to the bigger falling of the air temperature during
autumn-winter period because of artic air intrusion.
The average year temperature of the air in the 24-year circle will be at about 9 degrees
Celsius and that is 0,6 degrees lower than many year norm and 1,8 degrees Celsius lower
than in the 23 circle (1996-2007). The falling of the average-year temperature will be
because of sharp temperature falling of the cold season (November-march) till minus 3,0 –
3,5 degrees Celsius. that is 0,7 – 1,2 degrees Celsius lower the norm and it is 3,0 -3,5
degrees Celsius lower, 1996-2007.
So, during the following 11 years (2007-2017) in Astrakhan region and in the eupatorium
of the North Caspian region we should expect dry, with cold winters and strong eastern
winds, weather. The summary falling of the quality of the precipitations in the Volga and
the Kama rivers will bring to the decrease of Caspian sea level . The winter duration
instead of usual 80-100 days (during the last 20 years) will increase to 100-120, and even
120-140 days. Taking into consideration the forecast of the sun activity of the 24th circle
and the peculiarities of the temperature regime of the even 11-year circle we can suppose
that winter seasons of 2008\2009, 2009\2010, 2010\2011, 2012\2013, 2013\2014,
2015\2016 will be colder than of that norm. The winter seasons of 2008\2009, 2012\2013,
2013\2014 will be very severe (at about 4,5-5 months).
THE TYPIZATION OF THE WINTERS ACCORDING TO THE DEGREE OF THEIR SEVERENESS

For the lower Volga and the North Caspian region there several types of typization of the
winter according to the degree of their severeness. For this different characteristics were
used the square of the ice cover, the thickness or the volume of the ice; the summary of the
frosty days, both of the one point and of the whole eupatorium .
The more objective and available in the sense of getting operative information is the
characteristics of the severeness of winters, offered by Tyutnev (1975) for the North
Caspian region (table 2).
Table 2.

very severe
winter
more than 900

severe winter
900-700

temperate
winter
700-400

mild winter
400-100

very mild
very mild
less 100

The repetition of the very severe and severe winters was counted during 1924-2006. There
were registered 8 very severe winters (10%), 9 severe (11%) and 65 – the rest of them
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(79%). So, the repetition of very severe winters was once every 10 years, severe – once
every five years (Buharicin, 1984, 1994, 2004).
During the last years there were essential changes of the climate processes. It influenced
the repetition of the very severe winters. The last time very severe winter was in
1968\1969. During the following 37 years there were no very severe or severe winters.
THE THICKNESS OF THE ICE

The maximal thickness of the ice of the natural growth in the North Caspian region is
observed in January – February, and even during very severe winters it’s not more than 60
cm in the north-west part and 90 cm in the north-east (table 3).
Table 3. The absolute maximums of the ice thickness in the delta Volga and North Caspian, centimeters.
December
Point
Astrakhan
Ikryanoe
Olya
Iskustvennyi ostrov
Tulenyi ostrov
Chistaya Banka
Ukatnyi ostrov
Shalyga
Peshnoi
Zhilaya kosa
Kylaly ostrov

January

decades

I
32
19
19
15
20
17
28
35
35
25
16

II
42
37
27
20
20
22
36
47
41
45
23

February

decades

III
46
40
29
21
20
26
43
58
60
60
26

I
49
41
32
28
20
28
46
61
75
66
29

II
47
44
35
38
40
42
47
64
64
70
34

March

decades

III
52
55
45
49
45
56
53
64
72
73
46

I
60
66
52
52
50
69
53
64
75
83
46

II
64
71
55
55
52
70
54
64
78
86
55

decades

III
64
71
55
55
50
68
56
70
75
88
56

I
62
67
46
47
50
67
60
74
70
90
57

II
60
63
35
36
43
59
60
72
69
89
54

DEDUCTIONS:

Such perceptible prognoses concerning changes of climate and hydrological conditions,
certainly, will have negative impact on all, without any exceptions, economy branches, and
not only of Astrakhan, Astrakhan region, but the whole north-Caspian region. It will result
in apparent additional material costs as in warm, so in cold seasons of specified period.
Region climate continentally strengthening will affect agriculture, water transport, and
touch fishing branch. It will required to fulfill additional scope of dredging, reclamation
operations, and, possibly, reconstruction of many existing foreshore sea and river
hydrotechnic constructions and objects. There will be rapid increase of housing and public
utilities costs on water delivery, especially in summer-autumn drought periods, as well as,
on heating of accommodations, service and production spaces in cold seasons.
Consumption of electrical and heating energies, varied fuel types will grow considerably.
Lowering of The Caspian Sea level primarily will affect its shallow northern part. In warm
summer seasons it leads to intensive heat penetration and water evaporation from vast
shallow waters of North Caspian, increase of sea water salinity up to hazardous levels, rise
of hypoxia vast zones. In cold seasons, in the result of shallow waters low thermal capacity
under the influence of low temperature and intensive wave overturn in the ice formation
initial period, the deep ice cover will appear at North Caspian, the thickness of which
arrives its maximum long-standing values to the middle of winter. (Table 4).
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Table 4. The average air temperature of the 11- year circles , Сº
№ circle

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Temperature, Сº 8,8 9,5 9,0 9,5 9,3 9,4 9,5 10,0 9,0 9,5 9,2 9,9 9,9 10,0
Hoil circle

9,15

9,25

9,35

9,75

9,25

9,55

9,95

22

23

10,1 10,8
10,45

In view of fall of the Caspian Sea level and diminution in deepness of shallow north part of
sea, the intensity of hummocking ice processes will sharply increase. Particular risk will be
in the form of close floating pack ice that brought out by wind and streams into the deepwater, middle part of sea and drifting along the shores to the south. The sea bottom,
practically all over the territory of the North Caspian, will be subjected to wedge work of
heavy drifting ice. The frequency and intensity of dangerous set-downs will be increased
that will lead to mass fish fatality, especially in winter months under ice and in spring
during its concentration within spawning season.
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CATASTROPHIC FLOODS IN THE TEREK DELTA IN 2002 AND 2005
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In 2002 and 2005, catastrophic floods occurred in the River Terek basin. They caused
flooding of vast areas in the river delta and inflicted a huge damage to the environment and
economy of the region. During the floods, tens of kilometers of roads, protective levees,
and dams were washed away; dwelling houses, bridges, and economical structures were
destroyed; thousands of hectares of agricultural lands were put out of circulation; the fishpass and irrigation canals were silted up. The extent of these natural processes showed an
urgent necessity to study the Terek delta present-day state and tendencies of its evolution.
For objective reasons, the systematic investigations of the Terek delta hydrologic regime,
which were initiated in the 1950s under the methodical guidance of SOI, were discontinued
in the early 1990s. The standard observations were partially resumed by DagCHEM in
1998--1999; however, the specialized thematic investigations were completely ceased.
Therefore, by the beginning of the 21st century, there were no data on the current state of
the Terek delta and its main branch (the Novyi Terek) from the Kargalinskii hydro-system
to the inflow into the Caspian Sea.
The Terek delta is one of the most dynamic deltas on the marine coast of the South of
Russia. Investigations [1--3, 8, 9] have shown that the Terek delta was forming cyclically,
the duration of each full cycle of delta formation averaging 50--70 years. That high
intensity of delta formation, which persists at present time as well, is due to a unique
combination of natural and anthropogenic factors that govern the hydrologic-andmorphologic processes in the Terek delta.
The Terek is the only large river on the Northern Caucasus with the unregulated water
regime. Unlike the Sulak with its cascade of reservoirs, the Terek and its main tributaries
(the Malka and Sunzha rivers) have no water reservoirs or other flood control storages for
discharging the extreme volumes of water and sediment runoff during flood periods. This
circumstance is responsible for the extremely large (maximum for rivers of Russia) mean
annual sediment runoff into the head of the Terek delta main branch. Over the period of
1965--2005, it averaged 12.2 million t/yr, at the mean annual water runoff equal to 5.98
km3/yr. The analysis of observational data from the Roshydromet network of gauge
stations in the Terek delta over the recent 50 years has shown that against the background
of the general tendency for an increase in the mean annual air temperatures, the annual
sums of precipitation on the northern slopes of the Great Caucasus also increase.
According to the data of DagCHEM, the annual precipitation in 2000--2005 exceeded its
norm 1.2--1.5 times and in some years, 1.8--2.0 times. The bulk of this excess is due to an
increase in snow storage in the mountain part of the basin and to an increased frequency of
extreme storm rains during the period of summer floods.
General increased wetting in the Terek basin (its major catchment area is situated on the
northern slopes of the Great Caucasus) triggers intense erosion processes and, as a
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consequence, an increase in the sediment runoff into the Terek channel during the period of
summer floods. This is confirmed by the data on the seasonal distribution of water and
sediment runoff at the head of the Terek delta main branch in 1965--2005 (Table 1).
Table 1. Seasonal distribution of water (W, km3) and sediment (R, million t) runoff at the head of the Terek
delta main branch in 1965--2005 (gauge station “Lower pool of the Kargalinskii hydro-system”)

Period
1965-1976
1977-1987
1988-2001
2002-2005

Parameter
W, km3
R, million t
W, km3
R, million t
W, km3
R, million t
W, km3
R, million t

IV-IX
3,10
8,47
2,76
6,85
3,93
11,68
5,72
25,86

X-III
2,03
1,72
2,11
1,86
2,96
1,75
3,37
1,56

Year
5,13
10,19
4,87
8,71
6,89
13,43
9,09
27,42

The present-day main branch of the delta---the Novyi Terek---formed during the
catastrophic flood in 1914, resulting from the breakthrough of the right bank near the
railway station of Kargalinskaya. This breakthrough initiated the current cycle of delta
formation. After the completion of so-called “lake-plavni” stage of delta formation in the
1940s, a superimposed-attached new delta began to intensely form in the Agrakhan Bay
water area [9]. By the mid-1960s, the Alikazgan multi-branch delta formed and divided
Agrakhan Bay in the Northern and Southern parts. Immense sediment runoff significantly
protruded the delta and thus led to a rapid growth of bed elevations in the lower course of
the main branch. Investigations [3, 8] have shown that over the period of 1939--1960, the
conveyance of the channel near the Alikazgan decreased from 800--900 m3/s to 220--250
m3/s; the channel bed elevations rose by 5--6 m and reached –25.0 m abs. A considerable
rise in bed elevations and, consequently, in water levels in the delta lower part caused a
permanent hazard of flooding for adjacent areas. Hence, by the late 1960s, 65 years after
the beginning of the Kargalinskii cycle of delta formation, the conditions in the Terek delta
became ripe for a new successive cycle of delta formation, which would start with a new
breakthrough of the main branch channel during a high flood. However, flooding in the
Terek delta in the second half of the 20th century could irreparably damage the developed
lands in the delta, its population, agriculture, and fishery, on the whole---the ecology in a
vast region.
The construction of the artificial channel of the Prorez’ through the Agrakhan Peninsula in
the 1970s, as well as of protective levees along the Novyi Terek channel diminished for a
while the hazard of flooding in the Terek delta [1, 8, 9]. However, due to the Caspian Sea
level rise, which began in 1978 against the background of the general increase in the Terek
water and sediment runoff, by the beginning of the 21st century the situation in the Terek
delta regained that which had been observed 30 years ago. Washing off of the channel and
a drastic drop in the bed elevations in the delta lower part, which began immediately after
the Prorez’ had been opened in 1977, gave way to a rapid silting up in the 1980s.
According to the data of field works of SOI, by 2004 the Terek channel bed elevations near
Alikazgan reached again their position observed in the 1960s (--25.…--26 m abs.).
Presently, an intense sedimentation and an increase in bed elevations are observed along
the whole length of the Novyi Terek branch. This process is accelerated due to permanent
building up of levees along the Novyi Terek channel and almost complete silting up of the
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networks of irrigation canals and the Alikazgan delta channels, which existed in 1950-1980. It should underline that the prolonged stabilization of the Caspian Sea level near –
27.0 m abs., which is being observed since 1996 till present time, provides unique
conditions for the development of the hydrologic-and-morphologic processes in the lower
part of the Terek delta, near its marine edge where since 2002 a large mouth bar is being
formed [6, 7].
Table 2. Comparative characterization of flood-2002 and flood-2005 in the Terek delta

Characteristic

2002

2005

19.06 –
21.07

26.04 – 22.06

Water discharge prior to the beginning of
flood (m3/s)

514

200

Maximum water discharge at the flood peak
(m3/s)

1530

1230

Mean daily water discharge over the flood
period (м3/с)

998

634

Water runoff over the flood period (km3)

2,89

1,54

53,4

13,9

Date of flood beginning and end

Sediment runoff over the flood period
(million t)

Under these conditions, crucial for the Terek delta natural development, the first
catastrophic flood occurred in June--July 2002 (Table 2). The DagCHEM observational
network recorded an enormous sediment runoff (>50 million ton) during the flood passage.
Resulting from the breakthrough of protective levees, more than 40 thousand hectares of
agricultural lands on the left bank of the main branch were flooded. After the flood peak
had passed, the submerged areas did not grow smaller till October 2002 when the main
breakthrough was dammed; hereafter, vast territories remained under water for several
more months [5]. The water from the flooded areas flowed to Kizlyarskii Bay and Severnyi
Agrakhan Bay (through the system of natural and artificial water courses), this process
lasting till the onset of winter. According to the data of field works performed by SOI
during the flood period, some part of sediments deposited in the channel and on the
floodplain, where the depth of silt after flood recession reached 0.7--1.0 m. According the
assessments of DagCHEM, about 25 million ton of sediments were carried out into the
Terek mouth. They formed a large underwater debris cone, which initiated an intense
formation of the mouth bar [7].
The second catastrophic flood occurred in May 2005 (Table 2). It caused flooding of 30
thousand hectares on the right bank of the Terek delta main branch. The volume of water
runoff during this flood was approximately two times smaller than that in 2002, but the
extent of the damage caused to the economy in the Terek delta was considerable. During
the flood-2005, populated areas were flooded; dwelling houses, roads, and protective dams
were destroyed; lands of distant pasturing were put out of circulation. During more than
five months, the Terek water flooded the right bank (through the proran that formed in the
levees on May 6, 2005) and then flowed down to Southern Agrakhan Bay. To diminish the
hazard of flooding the population areas on the Southern Agrakhan coast, the West-Caspian
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Basin Water Management, following the recommendations of SOI and DagCHEM,
launched a series of hydro-engineering measures which provided the outflow of flood
water from the bay in both directions: the northern (into the Terek channel) and the
southern (into the Yuzbash-collector channel).
Since 2002, the State Oceanographic Institute in collaboration with DagCHEM has been
performing a program of complex monitoring the Terek mouth area [4]. In 2002--2006,
eight specialized seasonal expeditions were carried out in order to assess the present-state
of water bodies in the Terek delta. Parallel to hydrologic studies, specialized ground-truth
reconnaissance surveys are carried out for deciphering the data of remote sensing of the
Earth from space (RSD), the data having various spatial resolution. The results of complex
monitoring have shown that by the beginning of the 21st century, the conditions in the
Terek delta were ripe for the start of a new cycle of delta formation [5--7]. The catastrophic
floods of 2002 and 2005 could have triggered a new stage of the delta evolution. However,
because of the anthropogenic interference, instead of the natural start of the successive
cycle of delta formation, at present we observe the continuation of the current cycle that
began in 1914.
Due to the hydrologic-and-morphologic conditions developed in the lower part of the
Terek delta, the stage of a few-branch superimposed-attached delta, which generally
completes the cycle of delta formation, did not terminate by its dying off. After the floods
in 2002 and 2005, a new stage of the revival and development of a multi-branch
superimposed delta began on the territory of the Alikazgan former delta, which had existed
till the Prorez’ channel was constructed.
A unique feature of this process in the Terek delta is the simultaneous processes of
regenerating the old channel network, which was separated and died off after the Prorez’
had been opened, and forming the new network of diversion water courses, permanent and
temporal. When the high floods of 2002 and 2005 were passing, the temporal channel
network was intensely involved into the process of runoff distribution and reduced the
flood loading on the main branch channel. During 2--3 high-water seasons, the largest
temporal water streams become permanent. The reserve capacity of Southern Agrakhan
Bay and the runoff through Northern Agrakhan Bay into the Caspian Sea provide the
natural regulation in the lower part of the delta. After the catastrophic floods in 2002 and
2005, specialists of SOI and DagCHEM recorded (for the first time after the Prorez’ had
been opened) the regeneration of the mechanism of natural runoff distribution which was
similar in terms of its nature to the runoff distribution in the multi-branch deltas [6].
The investigations in 2002--2006 have shown that one of the most efficient solutions of the
problem of the flood water conveyance in the lower part of the Terek delta is the reduction
of the load on the main branch channel (within the reach from Shavinskii Isl. to the mouth)
by way of construction of new artificial tracts for water flow, along with the use of the
natural network of delta water courses. In the short- and medium-term prospect, the hazard
of breakthroughs and flooding in the Terek delta can be reduced by way of operative runoff
redistribution over the entire delta area, in order to decrease the water discharges and
sediment load through the main branch.
The use of regulating capacities of the Northern and Southern Agrakhan makes it possible
to cut off the flood peaks; also, these conveyance capacities are very important for the
Terek delta ecological state. Thus, during the flood-2005, the water outflow onto the right
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bank provided freshening the drain water in the Dzerzhinskii collector, cleaning the
Southern Agrakhan, decreasing the salinity of its water and of the water in the fish-pass
canal. Over 4--5 months, the discharge of clarified water from Southern Agrakhan Bay
provided the Terek channel flushing (within the reach downstream of the gauge of Damba)
and significant decrease in bed elevations on the fixed cross-sections in the Prorez’
channel. The increase in water runoff into Northern Agrakhan Bay is favorable for the
reproduction of valuable species of fish in this region.
When conducting the hydraulic and amelioration works, the account for the present-day
hydrologic conditions of the water regime natural regulation and for tendencies in the
hydrologic-and-morphologic processes in the lower part of the Terek delta will
significantly increase the efficiency of engineering measures aimed to protect the
economical complex of the region from the adverse effect of water, to preserve the unique
ecosystem of the Caspian Sea western coast, and to provide the steady reproduction of bioresources there.
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BED DEFORMATION OF PLOT OF LAND ATTACHED TO A DAM IN LOWER
POOL OF TUYAMUYUN HYDROCOMPLEX
Ikramova M.R., Khodjiev A.K.,Ahmedhodjaeva I.A., Nemtinov V.A.,
Misirhanov H.I.
Central Asian Scientific Research Institute of Irrigation (SANIIRI), h. 11, Karasu-4,
Tashkent, Uzbekistan, 700187
The main purpose of the Tuyamuyun hydrocomplex is to provide seasonal runoff
regulation of the Amudarya river for the benefit of water consumers in the lower reaches.
Hydrocomplex’s operating mode depends on real and forecasting capacity of river runoff,
water demand, taking into account filtration and evaporation losses, water reservoir’s
capacity at considering period: water volume, salinity, water level change etc.
Operating mode influences river’s bed forming process at lower pool of hydrocomplex and
especially at plot attached to the dam. During functioning of Tuyamuyun reservoir at infill
regime when retardation of silt in reservoir take place, clarified runoff dropped over the
dam water is being satiated by soil as a result of wash-out of river’s bed at the tail-water.
During overflow of flood regime or washout of reservoir, at tail-water take place
accumulation of silt, what in one's turn stimulates rise of river’s bed level. There are two
types of reformation of bed at tail-water: local deformation or local wash-out and overall
deformation of river’s bed.
In this work only local deformation of bed of river at tail-water of hydrocomplex on the
section of 350 m is being considered. Primary intent of the work is determination of local
deformation on this part of river, determination of maximum lowering and rise of river’s
bed, hydraulic regime of flow due to October 2003.
Surveys were being carried out by expedition of SANIIRI. Planned location of points of
measurements were fixed from bank with the help of marks by plane-table. Measuring of
depths were carried out by echo-sounder with control measurements by hydrometric
plumb. Preprocessing of depths included journal of measurements, which included
measured depths of vertical lines and their distance from stationary points on alignments.
The calculation of areas of bed section were carried out by analytical way with designing
of cross-section profiles of alignment at after-dam zone of tail-water of hydrocomplex.
According to the results of surveys on 6 alignments are build cross- profiles of river for
alignments 1-6 (picture 1).
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Picture 1. Cross profiles at tail-water of hydrocomplex on ranging section.

Analysis of surveys conducted in 2002 and 2003 and then comparison with results of 1983
permitted to discover that river’s profile on all ranges have differences.
In tabl.1 data about fixed maximum depths of flow at the stationary ranges, water wide
levels, mean depths and mean river bed levels, which are acquired during ranging at 1983,
2002 and 2003.

169

Section 4

Tabl. 1- Data of measurements of river’s bed in 1983, 2002, 2003.

№№ of Махimum depths,
alignments
m
alignment 1
alignment 2
alignment 3
alignment 4
alignment 5
alignment 6

1983
21,0
17,5
17,5
16,5
15,5

2002
13,3
14,7
21,0
28,0
15,0
22,0

2003
9,7
12,0
12,0
12,5
14,0
13,6

Wide on water
level,
m
1983 2002 2003
483 476
486 494 479
546 522 513
560 544 528
576 556 530
588 560 549

Average depth , Average bed level,
m
m
1983
12,4
13,0
12,7
13,1
10,9

2002
8,4
7,4
9,8
11,2
8,2
9,4

2003 1983
7,9
9,7 101,09
9,7 100,51
9,9 100,79
10,4 100,39
10,3 102,59

2002
102,5
103,5
101,1
99,7
102,7
101,5

2003
101,0
99,2
99,2
99,0
98,5
98,6

1983 - Q = 1450 m3/s- ∇ water level= 113, 49
2002 - Q = 1250 m3/s- ∇ water level = 110, 91
2003 - Q = 100 m3/s - ∇ water level = 108, 85.
Comparison of measurements of 2003 and 2002 show reformation of the bed on all ranges.
At this period (2002-2003) average annual discharges has formed 1055 m3/s, average
monthly discharge changed from 309 m3/s till 2611 m3/s, maximum daily flow reached
3370 m3/s (July 12, 2003).
Рrofile of the bed became more smooth. Such reformations take place as by width of bed as
by length from 1 till 6 ranges.
Wash-out of silt along the whole width of bed took place on alignment 2. On alignment 3
equally with wash-out of silt on left-bank part of bed one can see silting on the right-bank
part of bed if we take conditionally axis of discharge channel in the middle of the river.
On alignment 4 silting in axied zone and wash-out of left- and right banks of the bed.
Alignments 5 and 6 are mainly characterized by wash-out of silt and lowering of average
bed level.
At first sight dates of measurements of 2002 show uncommonness allocation of silt as by
wide and depth of flow as compared with allocation of it during 1983 and 2003.
Before measurement of 2002 preceded shallowing 2000 and 2001, when bed reservoir
mainly functioned for reservoir drawdown during reduced water levels at head water (116118). Siltation on this section caused by relatively small (Qmax = 900-1000 m3/s)
drawdown to tail-water in the time of minimal (about 8 m) overfalls of water levels at head
water and tail-water. At this period took place intensive receipt of silt from bed reservoir
reaching amount of about 100 mln. m3.
Moreover, before survey of 2002 increased water overflow into tail-water, which was in
June and July Qmax = 2160 m3/s и Qmax = 2460 m3/s (accordingly Qaverage mon. =
1645m3/s и Qaverage mon. = 1710 m3/s). During surveys water discharge was 1250 m3/s.
At this period water level difference formed 17-18 m.
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There were two periods of discharge at tail-water on hydrocomplex during the period from
June 2002 till October 2003. August 2002 (Qmax = 1520 m3/s, Q average mon.= 1394
m3/s). May- August 2003(Qmax = 1840-3370m3/s , Q average mon.= 1620-2611 m3/s).
Discharges were even during water levels differences at head and tail-waters about 17-18
m. At the same time clarified flow which incoming at tail-water contributed to
reorganization of bed on concerned river plot.
Analysis of results of measurements showed that despite to irregular distribution of silt on
the plot it is observed general tendency of decreasing of average bed.
CONCLUSION

Surveys of part of Amudarya river which located behind the dam of Tuyamuyun
Hydrocomplex showed the followings for 2002-2003:
1. The profile of bed on section from 1 till 6 alignment became more smooth. Not only
partly redistribution of bed silt as by width and by length, but wash-out of bottom
sediments, which formed 268 000 m3 in 2002 took part. Mean marks of bed on alignments
1-6 formed accordingly 101,0 m, 99,2 m, 99,2 m , 99,0 m , 98,5m , 98,6 m.
2. Comparison of results with 1983`s results show general tendency of average river’s bed
mark decrease from 1 down to 4 m.
3. Bed’s reformation process associated with service conditions of THC. So, because of
Tuyamuyun reservoir operations at supportless regime in 2000-2001, there are washed
about 100 mln.m3 of silts in tail-water, part of them are settled on this part of river which
stimulated some increase and reformation of profile of investigated river’s bed at July
2002. Exploitation of bed reservoir (July 2002 – August 2003) at higher grades brought to
an intensive wash-out of river’s part near dam at tail water.
Nevertheless taking into account the tendency to decrease of bed level on this part of river
proved by surveys of 2002 and 2003 as well as absence of more full data about character of
bed reformation during different regimes and levels of hydrocomplex functioning, it is
desirable to carry out periodic metering in order to find more full information about bed’s
processes on concerned part of river.
This researches will give recommendations on Hydrocomplex operation regime, planned
wash-outs of bed reservoir, which permit to decrease it’s silting, reduce local and total
wash-out of bed on tail-water, to raise reliability of Tuyamuyun hydrocomplex functioning.
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ANTHROPOGENOUS
FACTORS
OF
EXTREME
SITUATIONS IN THE АRAL-CASPIAN REGION

HYDROLOGICAL

N.I.Koronkevich, E.A.Barabanova, I.S.Zaitseva
Institute of Geography Russian Academy of Sciences, 119017 Moscow, Staromonetny lane,
29
INTRODUCTION

The Aral-Caspian region is one of the most mastered by people. Therefore extreme
hydrological situations (EHS) here are very painful, connected with big material damage,
and quite often with the health and life risk. On the other hand, EHS in many respects are
determined by features of economic activities, which can be both the main reason of their
occurrence, and accompanying (that it happens more often) the nature-climatic factors,
strengthening or weakening their action. The basic EHS in region – wet and dry periods,
and also pollution of natural waters. Dry periods were especially sharp on Volga resulting
in the falling of the Caspian Sea level in the 1930s, 1970s, dry periods in the Aral basin
and connected with them Aral drying from the 1960s, the wet period of the last decades on
Volga, which in many respects caused the rise of the Caspian Sea level and coastal flood.
Pollution of natural waters takes place almost everywhere. Among anthropogenous factors
of EHS are various branches of the water management, hydraulic engineering construction,
as well as various activity on the catchments. The extreme situations can be caused both by
economic activities in a stationary mode, and especially by emergencies which are most
dangerous. Thus the role of anthropogenous factors is shown directly. But it is necessary to
keep in mind their indirect role - insufficient monitoring, mistakes in calculations, incorrect
decisions. On the contrary, absence of such defaults and miscalculations can prevent EHS
or, anyway, weaken them and their negative consequences.
ANTHROPOGENOUS FACTORS OF A WET PERIOD

Those factors are all kinds of economic activities, which promote run-off increase both by
deterioration of infiltration and evaporation, and reduction of withdrawal from water
sources and of water use. Among kinds of economic activities on catchments the growth of
the urbanized territories, felling, drainage are to the greatest degree promote the run-off
increase in the Volga basin. In aggregate they increase the Volga run-off on the average by
2 %, in essence neutralizing the reduction of water flow connected with agrotechnical and
agricultural afforestation measures on water retention on agricultural fields. In the 1980s
when the anthropogenous influence on the Volga water resources was the greatest the total
influence of anthropogenous factors on the catchment, influence of reservoirs and various
branches of water management (domestic water supply, industrial water consumption,
irrigation, etc.) led to 7-8 % annual reduction of the Volga run-off (without taking into
account partial flow compensation in delta). The 1990s economic crisis has lowered this
size twice, increasing thus the Volga run-off for 9-10 км3/year. For all Caspian basin the
corresponding run-off increase due to anthropogenous influence decrease can be estimated
at 1,5-2 times as much. In wet years the water demand, as a rule, is reduced, hydrological
efficiency of actions for water retention on agricultural fields falls, evaporation from
reservoirs decreases, that to the even greater degree promotes the run-off increase. So, by
our calculations, in the Volga basin the water demands on irrigation (the largest waterconsumer), and evaporation from reservoirs’ surface are reduced by 1,2-1,4 times in
comparison with average long-term values.
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It is necessary to note, that economic activities on catchments first of all affect snow melt
flood, water withdrawal for economic needs – the low-water flow does, and hydraulic
engineering regulation quite often radically redistributes the flow between seasons,
reducing extremeness of spring maximal discharges and quite often increasing it in a lowwater period. The typical example - downstream the Volgograd hydrounit winter flow has
increased almost by 3 times in comparison with natural conditions, that rather adversely
influences fish wintering. The character of seasonal regulation of a flow is determined
sometimes by conflicting demands of different branches of economy (hydro-electric
engineering, fish industry and agriculture, water transport), but it also appreciably depends
on accuracy of hydrometeorological forecasts. The degree of reservoir drawdown before
spring flood is determined by their data, which influences the maximal high water
discharges in reservoir site.
A special case is emergencies caused by full or partial destruction of a hydrounit. So far
such situations did not occur on large hydrounits in our country. However on small ones
they are frequent. One of such cases which received wide publicity – destruction of Tirlyan
hydrounit on the Belaya river with tragical consequences on August, 7, 1994. The flood
wave has generated extremely high waters, 8,6 million m3 in volume, resulted in numerous
destructions and human victims. The reason of failure – downpours, unsatisfactory
condition of a dam and impossibility to drawdown the reservoir because of barrage gate
failure. Authors together with L.K.Malik analysed a number of hypothetical hydrounits’
destructions, including Volgograd. Results are published in a number of papers.
ANTHROPOGENOUS FACTORS OF A DRY PERIOD

Measures on flow retention on catchments lead to annual flow decrease though this can
increase low water period flow. Thus it is necessary to note, that in dry years hydrological
efficiency of such actions is lower, than in average and even in wet years since in dry years
surface overland flow is insignificant, especial in steppe areas. The Growth of the land
biological productivity is related to increase in evaporation and also reduces the annual
flow. In the middle 1980s dry agriculture actions have decreased the flow of Volga, at
least, by 2-3 %. In the 1990s their hydrological efficiency has decreased by 2 times. Taking
into account the kinds of economic activities, increasing flow, influence of reservoirs and
water withdrawals for various needs the flow of Volga in the 1980s annually was reduced,
as it was already marked, on the average by 7-8 %, and now by 3-4 %. For all Caspian Sea
basin the annual consumptive water use has accordingly decreased from 40-50 km 3/year till
20-30 km3. Here the water demand of irrigated agriculture is the greatest in extreme dry
years. In the Volga basin it is 1,2-1,4 times higher, than on the average long-term aspect
and is 1,5-2 times higher, than in wet years. Though the water withdrawal and the
consumptive water use in irrigated agriculture do not change so essentially because of
restrictions on a withdrawal in extreme dry years.
The most extreme situation connected with a dry period being basically of an
anthropogenous origin, has developed, as is known, in the Aral Sea basin. For a long time
the development of irrigated agriculture on naturally over-moistened areas (in particular on
areas under tugai bush) did not increase, but quite often reduced evaporation, thus
compensating the flow. With the irrigation of foothill plains and other removed from the
rivers territories the flow of Syr-Darya and Amu Darya quickly began to reduce. If till the
1960s the Aral Sea regularly received 50-60 km3 a year of the river run-off, in the 1980s it
did less than 10 km3, this has led to its shrinkage and to division into separate reservoirs.
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The 1990s crisis phenomena in economy, as well as water save measures, have led to
decrease of the total withdrawal. According to Intergovernmental coordination water
management commission (ICWMC), in 1990 it has made in the Aral Sea basin 116,3 km 3,
and in 2000 by 11,3 km3 less, that, however, has not led to cardinal improvement of a
hydrological situation.
ANTHROPOGENOUS FACTORS OF WATER QUALITY EXTREME SITUATIONS

In some cases a raised content in water of iron, copper, phenols, and also a high total
mineralization of waters are caused by natural factors. But, certainly, consequences of
economic activities are the main reason of unsatisfactory quality of water and multiple
excess of maximum concentration limit for a number of components. If in 1991 in the
Volga basin the discharge of waste and return water exceeded 24 km3 out of which 11 was
polluted, in 2000 accordingly 18 and 8,3 km3. Reduction of polluting substances inflow
into the rivers and reservoirs from dot sources last years is appreciably compensated by
increase of catchments polluting role due to urbanized areas, motor transport, garden
companies, etc. The polluting role of various failures has increased. As a result the water
quality of the most part of Volga is regularly estimated as "polluted", and in many cases as
"dirty", and excess of maximum concentration limit for a lot of components (organic
substances, phenols, mineral oil, ammonium and nitrite nitrogen, copper and zinc
compounds) makes tens percent. The Amu Darya and Syr-Darya water mineralization is
1,3-1,5 g/l and more. True, the contents of pesticides that in many respects determined the
unsatisfactory condition of water objects in this region in the 1980s has sharply decreased.
THE CONCLUSION

Apparently, anthropogenous factors quite often play important, and sometimes a key role
in EHS formation. At the same time for the present there is no full coverage of this role and
of its correlation with natural-climatic factors. The further work in the given direction
could clear essentially EHS genesis and help to predict beforehand their development and
to work out a complex of measures on prevention and easing of the negative consequences
connected to them.
Work is executed at financial support of the Russian Fund of Fundamental Investigations,
the grant 06-05-65193.
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STREAMFLOW SPREADING FEATURES ON THE VOLGA SHALLOW OFFING
AT LOW AND EXTREMELY LOW SEA LEVELS
G.F. Krasnozhon, E.E. Kovalev
RAS Water Problems Institute, 119991 Moscow, Gubkina st., 3
Shallow offing - the most dynamically developing part of the Volga mouth region. Here
extend river streams, intensively grows water vegetation, river sediments are put aside and
navigation takes place. Area of shallow offing with the extremely low levels in 1975-1978
yrs. Was more than 10 thousand km2. There are 3 navigable, 8 main fishing and 15
underwater channels on the shallow offing. They pass through about 30% of river runoff at
low water, and 10% at the flood. The remaining part of the runoff passes the shallow offing
in the form separated streams. Their position depends on the complex configuration of the
sea edge of delta with the falling river ducts, island, the relief of the bottom and water
surface, three-dimensional arrangement and the thickness of the highest water vegetation.
The knowledge of directions and locations of streams in each region makes it possible to
determine the places of wash-out, transfer and fall out of sediments, which makes possible
to give the estimation of correctness of the existing channels arrangement, the forecast of
future drainage network or proposal on the tracing of new channels, and also passageways
in water vegetation, which are frequently made on the shallow offing.
In the Water Problems Institute basing on space photos, made by KFA-1000 camera from
the automatic spacecraft “Resource –F1M” series, were drawn the maps of the river
streams on Volga shallow offing for high water at sea levels from - 29,0 to - 26,7 m BS, for
the period of 1975-1997 yrs. Using of space photography of Volga shallow offing made it
possible to refine its boundaries for different years and at different Caspian sea levels.
Southeastern (sea) boundary of Volga shallow offing separates it from the deep water
estuary and passes near mouth sea bar, which has been sea edge of Volga ancient delta
(-28 ~ -30 m BS). Usually this boundary is established approximately near depths
increasing place of sea mouth bar (-28,0 ÷-30,0 m BS). The sea boundary of shallow offing
is established for the first time on the zone of the convergence of the river streams and sea
streams along the coast. Carried out thus border between the shoal and deep water estuary
reflects contemporary hydrological situation in the mouth region. On the space
photographs one can see well, that the draining jets penetrate entire shallow seaside to
southeastern direction, and then sharply they turn in the region of sea bar. In this zone act
the flows along the shore, and the essential mixing of river waters with the waters of deep
water seaside for the first time occurs. The speed of draining flows here falls, the jet nature
of flows disappears, and the weakened flow or gets mixed with more salt waters of deep
water seaside. Or it is mixed up with the flow along the shore. Summary flow with the
moderate and high winds has a direction of wind current usually along the sea mouth bar
(to the southwest or the northeast). In 25% of duration of ice-free period (with western
wind components) summary flow is directed toward the northeast, and in 40% of this time
(with eastern wind components) to the southwest. Obtained for the first time detailed data
according to the spatial distribution of draining flows on the shallow mouth seaside r. The
Volga made it possible to substantially refine those existing the hydrographic division into
districts of this region, to accurately establish the boundaries of regions, which were
carried out schematically. Division into districts of Volga shallow offing was made in
accordance with the basic groups of draining flows, that it is possible to see on pict.1. The
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boundaries of the chosen 11 regions are made on the natural obstacles for the water
exchange between the regions - islands, to sand bars, to scythes and to brushwood of the
highest aqueous vegetation, elongated in the meridional direction along the draining jets.
Each region has clear boundaries with the coordinates. The boundaries of regions divide
entire transit part in the sections, not having between themselves essential water exchange,
which facilitates the calculations of drain according to the regions. The areas of regions
amount on the average to on 700 km2, and their extent on the sea edge of delta is equal
from 15 to 25 km. Nine of eleven regions main channels have, on name of which they are
called. In two remained regions auxiliary channels are passed, which in the flood do not
manage its basic purpose of water supply to the basic channels, as a result what in the
given regions are observed the self-contained groups of river streams.

mouth and shallow offing border
channel
above water vegetation border
VI shallow offing region number
6 channel number
stream frequent placement area
stream not frequent placement area

Picture. 1. Volga shallow offing regions (above streams map for the period of 1975 - 1997 years.).

As a result of the obtained river streams maps analysis the following basic conclusions
were made. 1) in the most part of Volga shallow offing water flow at spring flood takes
place in the deepest parts of the offing by powerful streams, which frequently intersect
even such large water arteries, as Belinskiy channel. In many regions of shallow offing
draining streams pass quite to the sea boundary without getting mixed. At this time the role
of drain along the channels is not great. In the low water the role of streams out of the
channels decreases because of an increase in the resistances of the underlying surface of
shallow offing the drain of water it is concentrated in deep places and the cleared channels
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and passageways, with less resistance. 2) nine clearly expressed groups of draining flows
are located on the shallow offing, in the Volga-Kaspiyskiy (1), Gandurinskiy (II),
Nikitinskiy (III), Kirovskiy (IV), Belinskiy (VI), Karayskiy (VII), Vasilyevskiy (VIII),
Obzhorovskiy (IX) and Igolkinskiy (X) regions. In low water these draining streams are
less exposed, and the main part of runoff is concentrated in the channels. General direction
of draining streams on the larger part of the Volga offing - to south- south east, and in its
eastern part (to the east of Belinskiy region) - to the southeast. 3) the transfer of waters to
the shallow offing in practice completely is accomplished by streams or groups of them in
general direction of draining flow in each of its regions (direction of the transfer of waters
barely it changes). The general direction of the groups of draining flows in the region of
the I composes 190˚, in the regions II - IV this direction composes 200-210˚, in the region
of the V - 180 - 190˚, in regions VI – VIII – 160 – 170˚ and in regions IX – XI – 130 - 160˚
4). Wind effect on the shallow offing to the flows in the period of the standing of low
levels practically is not observed. Because of that, that the shallow offing abounds with
underwater and above-water scythes, by islands, extended to tens of kilometers from the
sea edge of delta in the sea. the wind drift of water masses along the sea edge of delta and
in the kultuks region it is not created. Large channels and borozdins with the high draining
flows speeds also prevent the development of drift flows. High wind can only change the
direction of flow in the surface layer in the shoal especially at high water levels. In the
channels and borozdins the direct action of wind on the flows is less shown. 5) The data
analysis of space photoes showed, that at low sea levels in the range from - 29,0 to - 28, 2
m BS area, occupied with draining flows in the flood does not exceed 3,6 thousand km 2,
which is approximately 35% of the shallow offing. Raising the level of Caspian Sea to the
marks -28.2 m of ÷-26,7 m considerably influenced the value of area, occupied with jet
streams in the flood in the western part of the seaside. The value of the area of that
occupied by flows increased by 8% in the Gandurinskiy region, 21% - Volga-Kaspiyskiy,
30% - Nikitinskiy (see table 1). Large part of the area, that occupied with jet streams is free
from the above-water vegetation, and only 4 ÷ 30% of area of shallow seaside are occupied
with flows, going through the above-water vegetation in the period of flood. The areas of
streamflows into the low-water level are given in table 2.
Table 1. Streamflow areas in western part of Volga shallow offing at high water levels
Shallow offing region
1

Volga- Kaspiyskiy

II

Gandurinskiy

III

Nikitinskiy

IV

Kirovskiy

Sea level

Without vegetation

Through
vegetation

All

m BS
-29,0 ~ 28.2

km2
771,6

%
31,3

km2
18,6

%
0,8

km2
790,2

%
32,1

-28,2 ~ 26,7
Difference
-29,0 ~ 28.2
-28,2 ~ 26,7
Difference
-29,0 ~ 28.2
-28,2 ~ 26,7
Difference
-29,0 ~ 28.2
-28,2 ~ 26,7
Difference

1176,2
404,6
363,5
330.0
-33,5
174,8
227,5
52,7
223,7
196,1
-27,6

49,0
17.7
33,6
31,3
-2,3
28,7
38,1
9,4
61,8
56,9
-4,9

98,5
79,9
90,0
196,0
106,
48,6
170,7
122,1
64,5
67,1
2,6

4,1
3,3
8,3
18,6
10,3
8,08
28,6
20,6
17,8
19,5
1,7

1274,7
484,5
453,5
5260
72,4
223,4
398,2
174,8
288,2
263,2
-25,0

53,1
21,0
41,9
49,9
8,0
36,7
66,7
30,0
79,6
76,4
-3,2

Table 2. Streamflow areas in western part of Volga shallow offing at low and high water levels and sea level
from - 28,2 to - 26,5 m BS
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Shallow offing region
I

VolgaKaspiyskiy

II

Gandurinskiy

III

Nikitinskiy

IV

Kirovskiy

Hydrological
phase
Low water
High water
Difference
Low water
High water
Difference
Low water
High water
Difference
Low water
High water
Difference

Without
vegetation
km2
%
49,9
2,1
1176,2
49,0
1126,3
46,9
119,5
11,3
330,0
31,3
210,5
20,0
106,7
17,9
227,5
38,1
120,8
20,2
71,3
20,7
196,1
56,9
124,8
36,2
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Through
vegetation
km2
%
1,4
0,1
98,5
4,1
97,1
4,1
85,4
8,1
195,9
18,6
110,5
10,5
65,6
11,0
170,7
28,6
105,1
17,6
22,1
6,4
67,1
19,5
45,0
13,1

All
km2
51,3
1274,7
1223,4
204,9
526,0
321,0
172,3
398,2
225,9
93,4
263,2
169,8

%
2,2
53,1
51,0
19,4
49,9
30,5
28,9
66,7
37,8
27,1
76,4
49,3
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CATASTROPHIC EVENTS IN THE CASPIAN COASTAL ZONE AND RIVER
DELTAS UNDER RECENT SEA LEVEL CHANGES: INVESTIGATIONS USING
MULTITEMPORAL SPACE IMAGES
V.I.Kravtsova, V.N.Mikhailov
Faculty of Geography, Moscow State University, 119992 Moscow, Russia
vik@lakm.geogr.msu.su
INTRODUCTION

The Caspian Sea level recent rapid rise (from –29.01 m in 1977 to –26.66 m in 1995, with
afterwards slow lowering to –27.20 by 2001 and some rise by –27.00 to 2005) simulates
the situation that is waiting on the World Ocean coasts in the XXI century due to global
climate warming. Therefore the Caspian Sea can serve as an unique natural laboratory for
study of the coastal zone and river mouths response to the sea level changes. Laboratory of
Aerospace methods, Department of Mapping and Geoinformatics, and Department of
Hydrology (Faculty of Geography, Moscow State University), carry out the monitoring of
response of low laying North-Western Caspian coasts and main Caspian deltas to changes
in the sea level.
METHODS AND MATERIALS

Satellite images (photos from Salut-4,6 orbital stations, Resurs-F satellites and scanner
images from Resurs-O, Landsat, IRS, Terra satellites) were used for compiling a series of
dynamics maps for the low laying Kalmykian coast and the Ural, Terek, Sulak and Kura
rever deltas. Maps of the coastal and deltaic ecosystems statement in 1977-1978 and maps
of transgressive changes for periods 1978-1991, 1991-1997 and of post-transgressive changes for period 1997-2002 were compiled (in scale 1:200 000) by computer processing of
multitemporal satellite images.
RESULTS OF IMAGES ANALYSIS FOR KALMYKIAN COAST

Kalmykian coast in the North-Western part of the Caspian Sea is very low lying region
affected by the wind-induced surges. The wide belt of mudflats with the cover of reed has
been formed here. Results of space images interpretation show that transgressive changes
along this coast, extended from north to south by 120 km, are increased with the distance
from the Volga delta, which causes some “buffer effect” [1].
In 1978-1991, when sea level rose by 1.75 m, the shoreline of the northern part of this coast
changed very little (Fig.1). Weak influence of the sea level rise along this part of the coast is
explained by the “buffer effect” of the extensive shallow-water area located adjacent to the
Volga delta. The southern part of Kalmykian coast experienced more significant influence
of the sea level rise. Submergence of the outer edge of mudflat by sea waters and shoreline
retreat (to 1-3 km) with some reconstruction of the coastal zone profile (new beach ridges
appeared along water-edge) predominated here. Mudflat widened in the landward direction
from 1-2 to 6-10 km. At the beginning of the sea level rise, a lagoon was formed behind
the mudflats due to waves introduction and upgrade of groundwaters. By 1990-s this
lagoon (1-2 km wide) was seen along all the north-western coast of the Caspian Sea. Shore
plain at back side of mudflats was influenced by groundwater - a waterlogged zone about 3
km wide appeared here.
In 1997-2001 (with stabilization and some lowering of the sea level) coastal changes are
not so great. The position of shoreline near the Volga delta did not changed (Fig.2), as it
was in the previous period,. In southern part changes in both directions took place –
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flooding of mudflat (retreat of shoreline) and appearance of new reed belts and capes along
the shore (shoreline advancing) by 1-2 km. The lagoon in the back part of mudflat was
disappeared, but narrow water strips along beach ridges were formed. Disappearing of reed
and appearing of dry steppe vegetation instead of it took place along back mudflat
boundary in the belt of 3-5 km wide. Displacement of the backside mudflat boundary in the
seaward direction in some plots took place before shifting of the shoreline in the seaward
direction. The tendency to semidesert plain aridization was shown by images – reed
vegetation in troughs again changed towards solonchak meadows.

Fig 1. Dynamics of Kalmykian coastal zone in 19781999. 1 - shoreline (outer limit of the reed-covered mud
flats): la - in 1978, lb - in 1991; 2 - offshore depositional
features eroded; 3 - submerged reed-covered mud flat
(zone of the coast retreat); 4 - sand flat appeared (zone
of the coast accretion); 5 - beach ridges; 6 - reed-covered
mud flat: 6a - retained, 6b - newly appeared; 7 - lagoons
formed behind the reed-covered mud flat; 8 waterlogged area along lagoons; 9 - solonchak meadows
in troughs between Baer's mounds and in erosional
basins: 9a - retained, 9b - newly appeared; 10 semideserted plain; 11 - inner water bodies (lakes, manmade reservoirs): 11 a - retained, lib- newly appeared;
12 - canals; 13 - urban area; 14-sea; 15 - boundaries of:
15a - retained and newly appeared objects, 15b -
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Fig 2. Dynamics of Kalmykian coastal zone in
1997-2001
A. Ecosystems without significant changes: 1 –
reed covered mudflat: 1a – with dense vegetation
cover, 1b – with sparse vegetation cover; 2 –
steppe and semidesert vegetation of shore plains;
3 – sea; 4 – lakes. B. Ecosystems with significant
changes: 5 – submerged reed covered mudflat
(zone of shoreline retreat); 6 – reed covered
mudflat, new appeared in place of sea water
(zone of coast accretion); 7 – reed covered
mudflat with deteriorated vegetation; 8 – steppe
and semidesert vegetation, appeared in place of:
8a - reed covered mudflat with deteriorated
vegetation, 8 b – reed covered mudflat and
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disappeared objects
troughs with healthy vegetation.
RESULTS OF IMAGES ANALYSIS FOR CASPIAN DELTAS

The Caspian Sea level changes are rendering strong impact not only on coastal zone but
also on river mouth processes. River deltas on the Caspian Sea coasts were characterized
by large-scale changes connected with deep fall of the sea level during 1930 th - 1970th and
rapid rise by 2.35 m in 1978-1995, given way to gradual falling and some stabilization in
1995-2005, as well as with anthropogenic reduction in the river sediment discharges. This
stage of Caspian deltas dynamics was investigated practically for all large deltas (except of
the largest Volga delta) on the Caspian coasts – deltas of the Ural, Terek, Sulak, Kura
rivers.
The Ural River Delta
As other Caspian deltas, the Ural River delta changed its position and dimension for a long
period of sea regression. The formation of modern delta began from the XVIII century.
Delta growth was stipulated by sea level falling and deposition of sediments.
In 1977-1995 the sea level rise has lead to flooding the periphery part of the delta and to
growth of reed, which formed by 1992 wide belt of 15-30 km wide along the shoreline.
Open water windows – lagoons of 3-5 km wide - along the back site of the reed belt were
formed. Therefore the dry delta turned to wet marches. But after 1992, when the sea level
rise exceeded 1.7 m, the reed belt began to destroy itself along seaside and so the coastline
began to shift in the landward direction. In 1992-1996 this retreat of coastline reached 3-5
km. River channels, having been dry before, were filled with water.
In 1996-2000, when the sea level gradually began to fall down, the reed belt again widened
and its outer boundaries shifted in the seaward direction by 1 km; reed expanded into
lagoons and large windows of open water turned into the narrow stripes of 1-2 km wide.
Wet river channels again became dry. So in the Ural delta region the following specific
reaction to the sea level changes took place: formation of reed belt along the shore,
expansion or reduction of reed weeds in dependence of water depth.
The Terek River Delta
The Terek River delta has long and very complex history. Seven various stages of delta
formation during the last 500 years have been investigated [3]. After Kargalinsky channel
break in 1914, the northern old branches were abandoned and river flow was concentrated
in the main eastern channel. By the time when the Caspian Sea level was the lowest in
1977 the eastern branch of the Terek – Alikazgan – discharged into the Agrakhan Bay and
rapidly prograded its delta into the bay. The danger of flooding caused the construction of
artificial channel through the Agrakhan Peninsula in 1960th years. In 1973 water broke
throw protection embankment, and this event created the formation of small “new” delta at
the open Caspian nearshore. But it also led to drying of the Agrakhan Bay; artificial
channel was then closed to prevent undesirable ecological consequences. In 1977 the
channel was opened again and on the eastern coast of the Agrakhan Peninsula the
formation of “new” Terek delta continued.
In 1978-1991, in the period of the rapid sea level rise, delta changed significantly. The
Agrakhan Bay, being before nearly dry and weeding with reed, again filled with water and
widened. The barrier-lagoon complex was formed along the coasts of the Agrakhan
Peninsula; process of this kind is a typical reaction of the low Caspian coasts to the sea
level rise. On the eastern coast of the Agrakhan Peninsula “new” Terek delta, which was
prograded by 0.4 km to the beginning of the transgression, continued its growth in spite of
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the sea level rise; processes of the sediment accumulation overgrowth the sea level rise. By
1991 the mouth prograded into the sea by 1.8 km; delta spits and coastal barriers have been
formed along the shores, lagoons were separated by them. To 1997 the growth of “new”
delta prolonged for 2 km, to 2002 – for 2.3 km.
The Sulak River Delta
The Sulak River delta on the western coast of the Caspian Sea is one of the most
changeable delta region. This was caused by repeatedly changes of the river channel
direction and mouth place. Modern delta began to form 200 years ago. The stages of its
formation had been analysed [2,3,5]. By 1978 there were the second lateral delta (“old”)
with Sulak Spit and the third lateral delta (“new”). Strong changes happened with the sea
level rise and anthropogenic reduction of the sediment yield (from 1975) (Fig.3).
1978-1991. In the period of the fast sea level rise, sea water flooded the main parts of the
"old" and "new" deltas. The eastern delta coast was washing away by sea waves, shoreline
moved by 1 km to the west. The Sulak Spit has been shorten by 4 km due to processes of
inundation and abrasion and replaced by 1 km in the western direction. So the Sulak Bay in
1991 was open to the sea. The area of the "old" delta reduced by 21 km2. The "new" delta
was nearly washed out, its area reduced by more than 3 km2. Lagoons were formed along
the both sides of the mouth. The delta area reduced during this period from 70.6 to 46.4
km2 (34%). Annual decrease of the delta area was 1.86 km2/year.
1991-1997. In this period delta's changes were not so significant, as in previous one, due to
the sea level rise stopping in 1995 and its some stabilization and even falling. Decrease of
the delta area slowed down to 0.2 km2/year. Washing out of the eastern part of the "old"
and “new” deltas was continued, the Sulak Spit increased by 12 km and jointed to the
Agrakhan Peninsula coast. In this period the delta area at whole reduced only by 1.2 km2.
The Kura River Delta
The modern Kura River delta in the southern part of the western Caspian Sea coast was
advanced into the sea at the mouth of river with large sediment discharge. In spite of
sediment discharge decrease after the Mingechaur reservoir construction (1953), delta
prograding was continued, because the sea level fall compensated sediment discharge
reduction [4]. By 1976, the delta area reached 189 km2, and the delta length was 30 km.

Fig 3 Changes of the Sulak River delta in 19781991 (I), 1991-2000 (II):
1 – water; 2 – water instead of land; 3 – land
instead of water; 4 – land

Fig 4. Changes of the Kura River delta in 1978-1993 (I),
1993-2000 (II):
1 – water instead of land; 2 – land instead of water; 3 –
water; 4 – land
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In 1978-1995, evolution of the delta was determined by the sea level rise by 2.35 m. Low
laying periphery parts of the delta began to be flooded. Images show also the formation of
coastal barrier along the northern-eastern coast of the delta. Extreme changes of the Kura
delta took place by 1993 (Fig.4) – just before maximum of the last sea transgression. The
main part of the delta lobe was flooded, the delta length decreased by 10 km. Along the
former river channel some long narrow islands (old natural levees) were retained. In
comparison with 1978, delta area decreased by 78 km2 (41%) and equaled 111 km2.
In 1995-2001 a slow drop of the sea level (0,54 m by 2001) led to new changes in the delta
morphology. Shallow water parts of the flooded delta again became overgrown with reed.
Delta area increased by 25 km2 , and in 2001 reached 136 km2. Wide depressions within the
delta were flooded by water. Important changes in the hydrographic network of the delta
took place. During the period of the high sea level stage, river water broke through the
right bank of the main channel and turned to the south-west. Water flow through the
former south-eastern delta channel ceased, the former channel was overgrown with reed. In
the sea, near former mouth, a new spit was formed in the south-western direction from
material of the old delta abrasion. In 2001, this spit had 3 km in length.
CONCLUSIONS

The main features of low-laying coast response to the sea level rise studied using space images are the following: formation of lagoon complex, widening of mudflat zone, its shifting
in the landward direction and its destruction after sea-level rise by 2 m. Changes after the
sea level rise and during its small lowering lead to shifting of the back boundary of the
mudflat in the seaward direction earlier, than its outer (marine) edge shoreline.
The analyses of compiled maps shows that the following changes during the sea level rise
period are typical for protruding deltas of the Caspian Sea: flooding of low laying
periphery parts; wave abrasion of more deep parts of the nearshore slope and formation of
spits from material of abrasion; formation of barrier-lagoon complex; hydrographic
network reconstruction.
The reaction of the Kalmykian coastal zone and deltas to the Caspian Sea level rise can be
used as an analogue phenomenon for prediction of processes which can take place in the
world coastal zones and river deltas in the case of proposed global sea level rise.
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RECORDS OF CASPIAN SEA-LEVEL FLUCTUATIONS ALONG IRANIAN
COAST DURING THE PAST 2500 YEARS
H. Lahijani, V.Tavakoli
Iranian National Center for Oceanography (INCO), Tehran, Fatemi Ave., Etemadzade St., 9.
hamidakl@yahoo.com
INTRODUCTION

The Caspian Sea is characterized by strong changes in sea-level which could be traced
trough it's sedimentary records. The reconstructed curves for the Caspian sea-level during
its geological history are based mainly on data that retrieved from the north, west and east
Caspian coasts [2, 10, 1, 8, 12]. While intertidal deposits are most accurate indicators for
the world oceans, [9], the level of Caspian Sea being a closed basin with a negligible tidal
range, 5-12 cm, [11] can be traced precisely through its lagoonal deposits [3, 4]. Working
on the five barrier-lagoon systems along Iranian coast of the Caspian Sea, here we present
chronology and altitude for the late Holocene Caspian rises.
STUDY AREA

Iranian coast of the Caspian Sea is extended around 800 km in the southern part of the Sea
that include barrier lagoons in the region of high sediment supply. Five barrier-lagoon
systems namely from west to east; Anzali, Sefidrud, Amircola, Larim and Neka are chosen
for the investigation of the past sea-level changes (Fig.1).
METHODS

During the field work geomorgologic data and sediment samples were gathered.
The samples analyzed for their textural and compositional characteristics and mollusks
content, using standard sedimentological techniques.
Single bivalve mollusk specimens were collected in situ from fine to medium grained
lagoonal deposits for AMS 14C dating and C-O stable isotope studies.
RESULT AND DISCUSSION

Chronology which received by 14C-dating of bivalve shells, demonstrate that Caspian sealevel rise occurred around 2450, 900, and 500 years BP. The dated horizons represent
altitude of about of -22 to -24m. Four lagoonal deposits contain Cerastoderma lamarcki as
indicator of the Caspian Holocene [2, 10]. The four sedimentary sequences are periodically
rich in Didacna and Cerastoderma or Driessena which is indicator of brackish water or
freshwater domination respectively [5]. The sequence of Anzali, Amircola and Larim
deposits are mainly composed of poorly sorted sandy-silty sediments. In the Neka section
silty-clay deposits are prevailed. Sefidrud lagoon with age of around 1600 AD contains
lagoonal peat without marine fauna which represents an inland lagoon. Carbon-oxygen
stable isotope data retrieved from diagenetically unaltered bivalve shells with age of 23002500 years BP in the Larim section demonstrate that seawater conditions (temperature and
salinity) were similar as it could be seen today. Comparison of the modern coastal
morphological features with the older ones demonstrates that they both were influenced by
the same eastward currents. Therefore, in the late Holocene period the wave regime in the
Anzaly-Sefidrud and Larim-Neka areas was the same, as it acts at present. Major
geomorphologic features of the southern Caspian coast, such as barriers, spits, lagoons and
beach ridges are related to the wave and wave-induced currents, fluvial supply and sea
level changes [14, 7, 6].
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Fig. 1- Location of study area and samplings sites. Impacts of sea-level rise:
1- Anzali area, 900 years old,

2- Sefidrud lagoon area, 400 years old,

3- Amirkola lagoon area, 500 years old,
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4, 5- Larim-Neka lagoon area, 2450 years old.
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CONCLUSION

Impact of sea–level rise could be good preserved in lagoonal deposits. Investigation of
lagoonal sedimentary sequences of Iranian coast revealed three sea-level rises with age of
2400,900 and 500 years BP. They represent the past sea-level of -23 to -24 m. The climate
of the seawater and coastal currents were the same as they work at present The cause of
sea-level rises were attributed to the northern rivers, mainly Volga, which also contribute
to the last sea-level rise during the instrumental measurements.
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ON THE SYNCHRONISM OF OSCILLATIONS OF THE CASPIAN SEA LEVEL
AND GROUND WATERS ON THE PRICASPIAN PLAIN IN THE SECOND HALF
OF THE XX CENTURY
M.K.Sapanov
Dendrology Institute of Russian Academy of Science, 143030, Moskovskaya oblast,
Odintsovskiy region, Uspenskoie vil. sapanovm@mail.ru
INTRODUCTION

The climatic version of the reason for changes of the Caspian Sea level (CSL) has got the
greatest recognition due to convincing water-balance mathematical proofs. However,
calculations demonstrate some discrepancy between the observed and calculated values of
CSL, giving an occasion for numerous interdisciplinary discussions [1]. Our researches of
features of a water cycle on the Pricaspian lowland and the comparison of them with CSL
fluctuation (according to Dagestan Hydrometcenter) exclude a significant part of existing
hypotheses (for example, the geological one) and reveal some prevalence of the influence
of some water balance components on their changes .
ENVIRONMENT OF AREA OF RESEARCHES

Researches were hold in 500 km from the sea in the clay semidesert Northern Pricaspian
of the interfluve of Volga and Ural on the Dzshanybekskiy station of Dendrology Institute
of the Russian Academy of Science. The climate in the area of researches is sharp
continental and is known for its instability. The annual sum of precipitation (less than 300
mm) is several times less than evaporation (more than 900 mm). Factor of humidifying
(FH), counted by division of the sums of annual precipitation (mm) on evaporation (mm),
during more than semicentenial observation period (1951-2004), varies from 0,1 (1972) up
to 0,79 (1993).
The territory under investigation represents almost ideal clay plain without the developed
hydrographic network. Subsoil waters lie within the limits of parent breed of heavy loamy
structure at a depth of 4,5-6,5 m. Between these waters and underground interstratal
waters, which are confined to water-bearing underlying sandy horizon (from the depth of
15 m), the confining bed is absent. Subsoil waters are replenished by thawed snow only
periodically through closed local depressions of micro- and mesorelief. Owing to this,
fresh lenses are formed under them. These depressions occupy in total about 25 % of
territory. Such "dot" replenishment of subsoil waters by atmospheric precipitation leads to
constant general hydrostatic leveling of its water surface. In the paper the dynamics of
subsoil waters level (SWL) on the high parts of the relief occupied by salted soils is
discussed. Here waters are most conservative and stagnant because of the absence of
through wetting of the soil and weak participation of vegetation in evapotranspiration
because of strong mineralization (up to 10 g/l). Dynamics of SWL in such places is caused
by the general water cycle of all the landscape and represents « the residual phenomenon »
in the annual cycle of the whole water balance of the territory [2, 5].
FEATURES OF FLUCTUATIONS OF THE SEA LEVEL AND OF SUBSOIL WATERS LEVEL ON
LAND

The combined study of changes of soil CSL and SWL in the second half of the XX century
has revealed an interesting law (a Fig. 1). Their fluctuations appeared to be authentically
synchronized (β> 99 %) with correlation factors of 0.92 and 0.96, accordingly for real
values and 5-years alignment. Such concurrence of level curves in time and direction,
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speed and size of change (for example, their rise on 2,5 m per 1978-1995) allows to
understand the reason of "unexpected" dynamics of CSL under condition of finding-out of
the mechanism of SWL dynamics on the Pricaspian lowland.
Годы
1950

1960

1970

1980

1990

2000

0

-24
-25
1

-26
-27

2

400

-28

УКМ, м

УГВ, см

200

-29

600

-30
800

-31

0,60
0,50
3

КУ

0,40
0,30
0,20
0,10
0,00
1950

1960

1970

1980

1990

2000

Годы
Fig. 1. Dynamics of the Caspian sea level (CSL), the level of subsoil waters (SWL) and factor of
humidifying (HF) on the Pricaspian lowland - (1-3, accordingly). Values are leveled by 5-years sliding.

Dynamics of SWL in annual aspect has such characteristic features as: after winter
stabilization which lasts for several months, the spring rise caused by annual characteristics
of snow melting is marked. Thus, the more the replenishment of subsoil waters on relief
depressions is (with the formation of water domes above subsoil waters), the longer the
rising of SWL on high sites of a relief lasts. Then general summer SWL lowering caused
by evapotranspiration of ecosystems is marked which occurs more intensively in relief
depressions where plants directly use soil water from fresh lenses. General dynamics of
SWL depends on a hydrothermal regime of summer months: the hotter and dryer the
summer is, the more quickly and lower subsoil waters fall and, on the contrary, in wet
years its general increase can even take place ( Fig. 2).
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Fig.2. Dynamics of annual increase of SWL (1) on 30 sm in 1994 and decrease (2) on 23 sm in 1996

For this reason, the connection of SWL dynamics with humidifying factor (HF) which is a
complex parameter of annual weather conditions (see a Fig. 1) is marked. In fig.1, increase
of SWL in moist years (up to 1995) and, on the contrary, its decrease during droughty
periods is well seen. This dependence is quite certain (r =-0.51, b> 99 %). The data
received after 1995 being excluded, the connection becomes even closer (r =-0.71), since it
is difficult to imagine fast adequate SWL decrease after violent deterioration of weather
conditions (time series leveled by 5-years sliding were compared).
Here it is necessary to remind, that the territory under investigation is hydrologically
connected with the Caspian Sea and occupies command position [3]. Therefore, subsoilunderground waters of a land can influence on CSL due to underground drainage. Not
going into details of the mechanism of subsoil-underground waters outflow from the
studied territory, we shall only specify, that it can be defined by speed of winter SWL
lowering when evapotranspiration is absent. In our conditions, annual typical winter
lowering of SWL is not revealed. During this period, the level uses to become stabilize
within the limits of an error of measurement and influence on it of atmospheric pressure
changes [4]. Therefore, the answer to a question about the speed of underground water
outflow from a district where SWL inclination towards the sea is less than 0.1 pro mil
remains opened. Here it is only ascertained, that on the territory under investigation, the
basis cycle of water circulation is apparently associated with its local circulation in the
system «atmosphere - subsoil waters - atmosphere».
As we can see, the reason for SWL dynamics is quite explainable and is determined by
climatic conditions in situ where the basic components are atmospheric precipitation and
evapotranspiration of ground ecosystems which, in turn, depends on weather conditions.
Consequently, modern CSL fluctuation is apparently caused by a degree of the deviation
from average values of volume of water evaporating from the sea surface and the amount
of atmospheric precipitation falling out here, rather than by volume of the river runoff from
the outside. However, discussions about priority of water balance predictors causing CSL
dynamics will logically come to the end only after their exact measurement.
However, now one can affirm, that surprising synchronism of the studied dynamic
processes (CSL and SWL on land) puts under doubt many assumptions of the reasons of
modern sea level change(especially, geological concepts) which cannot be applicable for
the explanation of SWL dynamics on the remote part of the Pricaspian lowland.
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Our researches also specify that the long-term forecast of CSL dynamics is possible only at
the authentic forecast of change in climatic conditions which at the present stage is
unfortunately impossible to be carried out. Nevertheless, let us assume an opportunity for
weather conditions of the period 1980-1995 to be formed in the Pricaspian at the present
stage. Thus there will be further rise of SWL. Now it is enough for it to rise on 1.5 m to
make the top border of subsoil waters capillary edge go on a daily surface. It will cause
both changes in water-salt soil regime and irreversible succession of vegetative
phytocenosis on extensive territories. Problems of ecology and nature management of
global scale will arise. We would not represent this scenario, if during the studied
semicentenial period there has not been observed such phenomena as: (a) steady rise of air
temperature during the cold period of a year, which can cause subsoil waters replenishment
due to winter surface runoff in relief depressions because of thaws, (b) increases in
precipitation amount during the warm period of the year, promoting increase of the general
humidifying [6]. As we can see, in forecasting aspect the tendency to further rise of SWL
on the Pricaspian lowland (simultaneously with rise of CSL) remains.
THE CONCLUSION

On the basis of long-term monitoring of natural conditions on the Pricaspian lowland in
500 km from the Caspian Sea, including the level of subsoil waters, the climatic concept of
modern dynamics of the Caspian Sea level is proved to be true. Synchronous dynamics is
found of the Caspian Sea level and subsoil waters level on land in direction, speed and
size. The mechanism of annual dynamics of soil-subsoil water level is simultaneously
revealed, which is caused by the difference between the size of a descending current of
thawed infiltration waters in local relief depressions and its evapotranspiration expenditure
made by vegetative communities. These researches allow interpreting unequivocally the
reasons for change both in level of soil-subsoil waters on the Pricaspian lowland, and in
level of the Caspian Sea: their dynamics basically depends on the local water cycle caused
by the general annual humidifying.
The found tendencies of the rising of autumn-winter air temperatures and increase in the
amount of spring-summer precipitation for the modern semicentenial period specify the
opportunity of the further increase both of subsoil water levels on the Pricaspian lowland
and of the Caspian Sea level. This scenario threatens to be the global change of an
environment in the entire Pricaspian region.
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