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The studying of the hydrological cycle (first of all, precipitation and runoff changing)
under influence of natural and anthropogenic forcing is an important goal of the physical
climatology. There are two independent methods for decision of this problem: The models
of atmospheric circulation and empirical data. In frame of the empirical investigations can
be used both the present precipitation data and paleoclimatic reconstructions.
H.Lamb was a first who compared the distribution of precipitation anomalies during the
1930s warming and the 1970s cooling in different latitudinal zones[10]. He came to a
conclusion that certain relationships existed between global temperature changes and
precipitation pattern in different latitudinal zones. With global cooling, mid-latitudinal
precipitation increased, and in the subtropical and tropical latitudes it decreased. With
global warming (in the 30s and 90s of the last century), vice verse, moisture conditions
improved in high latitudes as well as in the subtropical and tropical zones of high pressure,
whereas on the mid-latitude continents the number of droughts increased.
The joint analysis of precipitation maps-reconstructions for the cooling during the last
glacial maximum (18ka BP) and for the Holocene optimum (6-5 ka BP) showed that the
nature of global temperature/precipitation relationship in various latitudinal zones based on
the modern material has been confirmed by the paleoclimatic data [5,7,8,11]. Although the
amplitude of these variations in the past, as would be expected, was noticeably greater
[4,5]. This can be seen from Fig.1, showing the relative values of precipitation anomalies
averaged over latitudinal belts for these two time sequences. For comparison, there in the
graph plotted are the curves of changing precipitation during the recent warming (the
1930s) and the recent cooling (the 1970s).
One of the mechanisms explaining the relationship between changes in global temperature
and precipitation consists in a considerable modification on the average meridional
temperature gradient determining the moisture transport into the interior regions [7,8].
However, this is only one of the mechanisms by means of which the changes in
hemispheric temperature are related to precipitation distribution by latitudes.
Particular recent studies, when investigating precipitation distribution in different
latitudinal zones, used the idea of possible pole- or equator ward shift of climatic zones due
to global warming or cooling processes [3,4,5,6,7,8]. Realization of this scheme is assumed
to be carried out by the corresponding displacements of basic baric centers of the
atmospheric action. In the papers [3,4,5] were showed that during global warming the
Azores high pressure centre shifts northward and during coolings, vice versa, southward to
the equator.
In the modern changes in the fields of surface air temperature and atmospheric pressure
were studied in terms of statistics [9]. The results of this study, based on the use of full
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archive of instrumental observations of atmospheric pressure and air temperature for the
entire Northern Hemisphere, showed weakening cyclonic activity in the 55-70°N zone
during the cold half year with a 0.5°C global warming and increasing, the Siberian high
pressure centre and its shifting somewhat to the northwest. The Azores high pressure
centre shifts to the north-west, the zone of Iceland Low of pressure grows whereas the
Aleutian low, vice versa, deepens. As a whole, cyclonic activity intensifies over the Pacific
and slightly weakens over the Atlantic Ocean. With global cooling the character of
pressure pattern over these regions changes for the opposite one, as a whole.

Fig.1 Mean latitudinal anomalies of precipitation [%] for two level of the global warming (1930s and 6-5 ka
BP) and for two periods of global cooling (70s and 18 ka BP).The present precipitation normal for 19311960.

If even so, comparatively small changes in global temperature observed in the period of
instrumental observations are assumed to produce noticeable changes in the position of
main baric centers of atmospheric action and to affect their intensity, then more
considerable temperature variations recorded throughout the last 18,000 years should have
a more pronounced effect on precipitation, in particular, in the most sensitive regions with
insufficient moistening.
Another mechanism of global temperature/precipitation relationship in different latitudinal
zones is caused by the level of global warming. The idea of non-linear character of this
relationship was raised comparatively long ago in studies by M.Budyko [7] and O.Drozdov
[8]. However, its checking by observational material over the last 100 years is difficult
because of comparatively small (not more than ±0.5°C) scale. Paleoclimatic materials
present actually unlimited possibilities of studying this relationship. With higher level of
global warming (by about 1.5-2.0°C) typical of the last Riss- Würmian Intreglacial (about
125-130 ka B.P.) the zone of insufficient moisture in the territory of Europe is actually
absent [5].
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The Aral-Caspian region is one of the outstanding indicators of moisture condition in the
inner part of the large Euroasiatian continents as in the preset time so also in the past. It
was relatively recently, when a hot and arid climate, typical of the modern Caspian area,
Aral area and Middle Asia, was assumed to be preserved throughout the greater part of the
Pleistocene and the Holocene. However, abundant archaeological data are testimony to the
fact that in the mid-Holocene between 9.0 and 4.5 ka B.P. (the Early Boreal warming and
climatic optimum), the Central Asian deserts, including the regions of the Ust’ yurt, the
Mangyshlak, the Kara-Kum and the Kizil-Kum were inhabited by ancient man. The last
most considerable lake episode in this region is dated at 9-5 ka B.P. This episode is
associated with the development of the soil horizon and steppe and semi-steppe vegetation
where value annual precipitation was in 1.5-2 times above compare present one.
So, the analysis of the paleobotanical, paleohydrological and archaeological materials
allows assumption that between 9-5 ka B.P. when summer air temperatures in high
latitudes was 2-3°C above the modern, in the regions adjacent to the Caspian sea (Ust’urt,
Mangyshlak, and Central Asia) on the place of modern semi-deserts and deserts, the steppe
and savannah-like landscapes are predominated. The last pluvial episode in these regions is
dated by the time of "the Medieval warm epoch". In palynological spectra of layers dated
at the 6th-12th centuries, about 38% of cereals pollen and a small amount of arboreal
pollen have been found, which seems to be associated with the a forestation of northern
slopes of the Mangystau mountains [12].
During the Holocene climatic optimum essential changes in moisture condition occurred in
foothills and mountains of the Middle Asia. The history of the Aral Sea is directly related
to changing moisture conditions in the mountains of the Middle Asia and variations in the
runoff of Amu Darya and Syr Darya. As paleogeographical data show, the Aral Sea level
experienced strong variations during the Holocene and in the historical time. The highest
level of the Aral Sea was recorded during the Holocene climatic optimum (up to 72-73 m)
and in the 1st thousand years B.P. (up to 58-59 m), when the Amu Darya, the Syr Darya
and the Chu entered the Aral Sea. Later, the Amu Darya changed several times its channel
making a turn to the west and throwing water into the Sarakamysh and then via the Uzboy
to the Caspian Sea. Beginning with the 17th century the Amu Darya fully flowed to the
Aral Sea. Its runoff variations were determined both by climate change and constructing
irrigation structures. In the modern epoch, the disastrous drop of the Aral Sea level taken
place to a large extent, because of anthropogenic influence. Lowering of the Aral Sea level
began in 1961, at present its level dropped by 12 m giving up to the salt desert about
24,000 km of the water surface [1].
There is reason to believe that the improving moisture condition in the Middle Asia and Ca
spian region under the global warming was concerned with the moving of the InterTropical Convergence Zone to the north. During the warmings of the present and historical
time these regions have been exposed to the Indian monsoon circulation which penetrated
far to the north.
The Caspian sea level variations have a more complex character under a global warming or
global cooling. Its level changing depends to a large degree on the run off of the Volga
river [6,11].The Volga river catchment was placed in zone of the decreasing precipitation
during the Late Pleistocene and Holocene warmings. The most considerable global
warmings of the Late Pleistocene, Holocene and historical time caused noticeable
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regressions of the Caspian sea and the global coolings agreed to the transgressions. The
most significant Caspian regression (about 9.0-8.7 ka BP), the Kulalian one, occurred in
the Early Boreal warming and the high sea level corresponded to the maximum of the
Würmian and the Younger Dryas coolings. The fall of the Caspian sea level in the
“Medieval warm epoch” and during the present warming of the 30s (1929-1941), and so
the high level during the present cooling of the 70s (1960-1975) confirmed our scheme the
relationship between the global temperature change and moisture conditions in the
different latitudinal zones.
At preset time the growth of the Caspian sea level under the global warming of the last 2530 years is in contradiction with that scheme which followed from our speculation. There
is a good reason to believe that this unique event connected with another mechanism of the
present global warming under the influence of the increasing CO2 concentration in the
atmosphere due to human activity.
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INTRODUCTION

In the given work features of ice processes in a lower reaches of Volga and on Northern
Caspian sea in the temperate winter of 2005-2006 are considered. The estimation of
modern technical and navigating maintenance of winter navigations on the port Astrakhan
- Caspian sea is given. Recommendations and the offers directed on increase of safety of
transport sea transportations in complex ice conditions are developed.
ICE CONDITIONS

On conditions of severity the winter of 2005-2006 on the Low Volga and Northern Caspian
sea was close to average long-term values, but is much colder than all last winters for the
last 10 years. The sum of negative daily average temperatures of air on port Astrakhan for
a winter season was 487,7° C, on Atyrau (Republic Kazakhstan) - 772,7° C (on the average
across Northern Caspian sea it was 629,7°С), that corresponds to criterion of the
"temperate" winters (tab. I). The meteorological analogue had been accepted a winter
season of 1986-1987, during which the sum of negative temperatures was 661°C.
Table 1. The sum of negative temperatures across Astrakhan for a winter 2006 (the period from 1984 to
2006).

Years

November

December

January

Fabruary

March

Sum

1984 – 1985

From 1.11
-50.6
From 18.11
-31.5
From 15.11
-37.2
From 11.11
-28.3
From 3.11
-15.7
From 19.11
-9.5

-224.4

-172.0

-178.7

-725.2

-89.8

-71.1

-153.3

-81.2

-253.3

-187.3

-86.4

-206.4

-223.8

To 21.03
-99.5
To 25.03
-32.6
To 29.03
-102.0
To 11.03
-5.8

-60.3

-76.6

-49.5

-120.5

To 20.02
-41.8
-98.3

From 10.12
-93.6
-111.7

-108.6

-162.9

-92.6

-86.6

-122.1

-113.9

-139.7

-116.6

-113.6

-149.7

-147.8

-29.2

-14.4

-121.4

-228.3

-134.0

-100.8

-205.2

-133.0

1985 – 1986
1986 – 1987
1987 – 1988
1988 – 1989
1989 – 1990
1990 – 1991
1991 – 1992
1992 – 1993
1993 – 1994
1994 – 1995
1995 – 1996
1996 – 1997

From 2.11
-7.6
From 26.11
-3.0
From 8.11
-209.2
From 6.11
-30.9
From 14.11
-1.4
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-378.3
-661.0
-550.7
-194.4

To 16.03
-1.3
To 11.03
-24.4
To 17.03
-13.1
To 16.03
-52.8
To 15.03
-53.8
To 17.03
-26.6
To 29.03
-31.6
To 8.03
-0.8

-279.1
-389.5
-311.6
-431.5
-642.5
-248.9
-516.7
-439.8
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1997 – 1998
1998 – 1999
1999 – 2000
2000 – 2001
2001 – 2002
2002 – 2003
2003 - 2004
2004 - 2005
2005 - 2006

From 6.11
-17.7
From 10.11
-59.5
From 8.11
-95.8
From 11.11
-21.8
From 6.11
-3.7
-11.6
From 23.11
-18.5

-140.8

-198.5

-201.6

-88.4

-70.2

-31.1

-17.1

-27.8

-12.0

-41.6

-88.8

-68.6

-117.6

-61.7

-13.0

-289.3
From 02.12
-21.0
-7.7

-74.5
-58.7
-35.9

-155.5
To 22.02
-18.7
-116.5

From 22.12
-10.9

-346.7

-129.1

To 26.03
-9.7
-3.9

-568.3
-253.1
-152.7

-2.8

-233.6
-196.0

-29.1

-560
-94.8
-178.6
-486.7

The first occurrence of ice on shoalinesses of the Northern Caspian sea occured in the third
decade of December. First primary forms of ice appeared on sea shoalinesses along east
and northern coast of Northern Caspian sea and on the inlet beach of Volga, then extended
along the western coast of the sea up to the island Chechen. In the first half of January the
edge of ice on the Northern Caspian sea quickly extended up to 2-3 meter depths. To the
middle of January ice processes was captured already practically all shallow water area of
the Northern Caspian sea. By the end of January the edge of ice in the western part of the
sea passed on 3 - 5 meter depths, east part of Northern Caspian sea by this time was
completely covered by the rallied drifting ices.
On the Low Volga and the Volga - Caspian channel the first ice covers near the sea coast
appeared in the beginning of January. In the second half of January on Volga the ice drift
which intensity quickly accrued from rare and average, up to dense and continuous has
begun. On the Astrakhan sea spot-check the ice of initial forms has appeared about the 10
of January. The ice drift in a lower reaches of Volga was accompanied by formation
blocking crosspieces. Ice formation on water area of Astrakhan port occured in the middle
of January. Thickness of an ice by the end of February in the area of Ahtubinsk was about
45-68 sm, in the area of Trudfront was 35-45 sm, fine reservoirs of Volga – Akhtubinsk
floodplain and the delta of Volga were frozen up to 100 sm.
During the ice forming in the sea at the edge of ices at strengthenings a wind and
excitement of the sea spraying icing of courts and navigating marks of weak and moderate
intensity occured. The most intensive processes of ice forming occured in a northeast part
of Caspian sea. To the middle of January thickness of an equal ice was 35-45 sm, and in
stratifications 60-100 sm. Alongside with active thermal increase of thickness of ice in an
ice cover there were also powerful dynamic processes. As a result of intensive drift and
motions of ice along the whole northern coast of Caspian sea from lagan up to Peshny
there was a breaking coastal forms and carrying out of floating ices in open areas of the
sea. Intensive ice - hummocking occured on Guryev Furrow and in the area of archipelago
of the Seal islands. A plenty of hummocky sites was formed.
The western part Northern Caspian sea was 0-1 point, in the east 1-2 points. In
Mahachkalinskaya bay the primary forms of ice have appeared 30.01, it was not a full iace
formation. The maximal thickness of ice was 15-20 sm. Along the seacoast the ice
thickness was 4-7 sm and was kept till 02.02.
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The ice cover on Northern Caspian sea has reached the maximal development in the end of
January - the beginning of February (fig. 1.). The border of brazing passed on 10 meter
depths, an edge of the rallied floating ices - approximately on 20 meter on isobath. It often
changed the position under the influence of winds and currents. Maximal thickness of ice
for a season was in the West of the sea - about 30-60 sm, in the east it was 60-80 sm. In
stratifications the general thickness of the layered ice reached 2 and more meters. Under
the influence of intensive motions and ice - hummocking in the sea there was a formation
of a plenty hummocky formations sitting on a ground. On the Low Volga and in the Volga
- Caspian channel heavy ice conditions were kept from the beginning of January up to the
end of February.

Fig. 1. The scheme of ice conditions on Northern Caspian sea according to the artificial satellite for February,
01-02st 2006г. (the maximal development for all winter of an ice cover).

Spring destruction of ice in the western part of Northern Caspian sea began an the end of
February - the first decade of March, in the east part - in the second half of March. Final
clarification of the sea ото an ice occured in the end of March - the beginning of April (in
the area of Pure Bank - 20.03.; in the area of Small Pearl-17.03.; in the east part of
Northern Caspian sea - 04.04.).
WINTER NAVIGATION

On November, 23rd, 2005 there was an official closing of summer navigation in the Volga
– Caspian channel, however, in a view of warm weather, it, actually, proceeded till
December, 5th.
Preparation for winter navigation has begun long before the first occurrence of ice. On sea
part of Volga – Caspian channel bottom - depthning works were made, as a result of which
the minimal depth has been finished up to 4,7м (in other parts of the channel it makes 4,5).
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The showing of winter navigating conditions - 10 new buoys - "cigars" were exposed: 5
white and 5 green (they should not leave under the ice and not to be displaced concerning
an axis of the channel at motions and drift of ices).
Navigating signs are established: « Road parking »; « Driving of waters »; light additional
signs. In total on icebreaking posting by shipowners 95 courts are declared. The majority
of them have has no ice class. And their age makes more than 25 years. Practically all the
declared vessels without the double bottom. All this has created the certain difficulties at
icebreaking posting caravans.
NOTE: On Volga and in the Caspian sea in an ice vessels of ice class (L-4) have the right of independent
navigation. For other courts the so called «Passport of ice navigation behind the ice breaker» is stipulated..
Giving by it the right to move in an ice behind the ice breaker on a tow or in structure of a caravan.

In the beginning of December in Astrakhan a staff of ice operations on the organization
and a management of winter navigation was created and began working . On January, 6th,
in connection with occurrence of an ice in the Volga - Caspian channel and significant
strengthening of frosts the beginning of icebreaking was declared. On January, 9th the joint
meeting on problems of winter navigation took place. Icebreaking posting was carried out
by two ice breakers: «Captain Bukaev» and «Captain Chechkin»). Ice conditions in the
channel within January constantly became complicated. Thickness of an ice to the middle
of the third decade has reached 50 sm. Idle times because of bad ice conditions was during
two weeks (the Volga - Caspian channel has been closed for navigation). In this connection
the emergency meeting on January, 27th took place, on which the recommendations on a
conclusion of vessels in the sea in an ice were decided. With a view of a safety, posting of
courts to carry out with a help of not one, but two ice breakers. Extent of a line of
icebreaking posting from port Astrakhan up to an edge of ices was 150-160 miles. That it is
much more, than the last, warm winters. In a caravan no more than 5-6 vessels were taken.
While, the last winters, even one ice breaker could accompany safely with a caravan from
12-15 vessels.
The general duration of the period of icebreaking posting during a winter season 20052006 was 60 days. The official termination of icebreaking posting - on March, 15th.
During this time 362 vessels in ice were lead.
CONCLUSIONS

1. Winter navigation of 2005-2006 was complicated, but is lead without emergencies and
serious failures.
2. The seasonal ice forecast was made in September 2005г. And, as a whole, it was
justified, despite of insignificant displacement of actual terms of approach of the basic
ice phases in comparison with expected under the forecast. However, if to consider,
that the first, short-term occurrences of primary forms of an ice on shoalinesses of
Northern Caspian sea all the same were noted. First in the third decade of November
(25-30.11), then, the ice repeatedly appeared in the beginning of December, and it is
possible to approve with confidence, that the forecast was justified completely. The
course of expected ice processes in a lower reaches of Volga, the Volga - Caspian
channel and on Northern Caspian sea, during all winter period was constantly corrected
and specified in monthly and week meteorological and ice specialized forecasts.
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3. As a whole, ice conditions on the Low Volga and Caspian sea in the winter of 20052006 were close to average long-term values. And though, last winter by existing
criteria ice forming should be carried to "moderated", however it was considerably
more severe the last several years.
4. During realization icebreaking it is established, that new winter navigating buoys
"cigars" did not make the applicability and send away under an ice after its first
intensive motion. For all 60 day of icebreaking posting of any of 10 "cigars"
established in sea part of Volga – Caspian channel were not revealed not. Often, with a
view of maintenance of necessary safety of vessels of a caravan, the role of entrance
buoy was carried out with one of ice breakers. It gives the basis to approve, that
navigating conditions existing on today is insufficient, does not provide demanded
safety of navigation in ices and requires the further perfection;
5. Three ice breakers are extremely necessary for reliable icebreaking maintenance of
winter navigations on a port of Astrakhan - Caspian sea. The third ice breaker is
necessary for development of ferries and for good safety of mooring operations of
vessels directly in ports Astrakhan and Olja. Two available ice breakers «Captain
Bukaev» and «Captain Chechkin») should be involved only for maintenance of
icebreaking posting caravans of vessels, and not distract on restoration of ferries after
pass of caravans. In connection with development of transport corridor «North -South»,
and increasing intensity of movement of vessels along Volga - Caspian navigable way,
including winter, in our opinion, sooner or later, at last, a question on construction of
modern road bridges and ferries should be solved.
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For more than 10 years satellite radar altimetry has been a successful technique for
monitoring the variation in elevation of continental surface water, such as inland seas,
lakes, rivers, and more recently wetland zones. The surface water level is measured within
a terrestrial reference frame with a repeatability varying from 10 to 35 days depending on
the orbit cycle of the satellite. With an accuracy of a few centimetres to tens of centimetres,
the measurements are not comparable to those obtained via ground-based gauges. However
the technique offers the potential for some measurement over a large continental scale and
more remote terrain. Despite some limitations, the technique has advanced to enable a
number of inland water studies. Of particular interest are those lakes in arid and semi-arid
regions where water is an essential economical resource. In this presentation we’ll show
some interesting results obtained from satellite altimetry in Aral and Caspian Sea region.
The satellite altimetry technique has been developed in the early 1970s with the launch of
Seasat (1978). The principle is very simple: a radar altimeter emit a short pulse in the nadir
direction, the pulse is reflected by the sea surface, and the time for the echo of the reflected
signal to be received by the altimeter provides the instantaneous distance between satellite
and sea surface. The main advantage of this technique is that it can provide a sea surface
topography on a time span ranging from 10 days to few months (depending on the orbital
cycle of the satellite), over the whole ocean, with a precision of few centimetres, which is
not affected by weather conditions. Although the performances of the first altimeters were
limited by the precision of the orbit, this technique entered in a new era with the Launch of
Topex / Poseidon in 1992 mainly because of new system to determine precise orbit. Orbit
accuracy of Seasat was at the range of one meter while for Topex / Poseidon it is at the
centimetre level. In parallel to oceanography and marine geodesy, altimetry has been used
since a decade to study the continental water bodies: lakes, rivers and wetlands. The
processing of the altimetry data over continental area is based on the same methods than
used by oceanographers to reveal change in sea level. The altimetric height H of the water
surface (ocean or lake) with respect to the ellipsoid is given by the simple following
equation:
H = Alt – ct/2 – R corr

(1)

Where Alt is the height of the satellite with respect to the same ellipsoid than H, c is the
free-space speed of light, t the time interval of the pulse travel from satellite to lake surface
and back, and Rcorr the sum of the corrections including atmospheric refraction (due to
ionosphere and troposphere), tidal effect (Pole and Earth tides), electromagnetic biais, and
Instrumental corrections (Birket 1995, Crétaux & Birket 2006).
Although altimetry present numerous advantages, it can also have a number of limitations
in the case of continental water studies:
The instruments operates in a profiling mode which diminishes the number of possible
target, limiting the worldwide water bodies monitoring. As the radar altimetry technique

60

Extreme hydrological events in Aral and Caspian sea region
The proceedings of International Scientific Conference Moscow, 19-20 October 2006

was developped for ocean study the onboard tracker designed to operate on the large and
flat ocean sea surface. Depending on the surrounding topography of the lake or river
studies, the altimeter echo could be lost or may be too complex to be interpreting by the
onboard tracker (it is the case for large number of mountaineering lakes). However, the
usual order of magnitude of the level variations in the case of lake or river studies is larger
than the errors listed above and precision required can be easily reached by radar altimetry
in many cases.
ARAL SEA

The Aral Sea is located in an arid zone characterised by marked differences between
summer and winter temperatures and has low precipitation all year round. Evaporation is
approximately ten times greater than precipitation, the sea being maintained at equilibrium
by the inflowing waters of the Amu Darya and Syr Darya. These two rivers originally
provided around 60 km3/year of fresh water, roughly half of their total capacity. Around
1960 the decision to develop intensive cotton and rice agriculture lead to increase the
irrigation. The effect on the level of the Aral Sea was drastic: dropping from +53 meters
(above the 0 Baltic sea level) in 1960 to +40 meters in 1989. This decrease led to the sea
separating into two lakes, the ‘Small Aral’ in the North and the ‘Big Aral’ in the South.
The elevation of the Big Aral reached a low of +30 m in 2004 (Crétaux et al., 2005). The
corresponding decrease in surface extent and volume was 67,000 km2 and 1083 km3 in
1960 (Bortnik, 1999) to 16000 km2 and 100 km3 in 2004 (what is the reference here?:
Crétaux et al., 2005). The difference between evaporation and precipitation for the Big
Aral represents an average loss of 25-30 km3/yr over the last decade, while river discharge
from Amu Darya have varied from 0 to 15 km3/yr in the 1990-s. The Big Aral shrank
during this period at a rate of 60 to 80cm/year.
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Figure 1: Big Aral Sea volume variation, deduced from in-situ measurements and from altimetry data
(Crétaux et al., 2005).

Satellite remote sensing allowed a method of exploring the complex new hydrology. Using
a combination of precise digital bathymetry map (DBM) of the basin with level variation
deduced from altimetry, Crétaux et al., 2005 computed the resulting volume variation of
the Big Aral Sea for the period 1993-2004. They showed that the volume of the lake
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measured by T/P, GFO and Jason measurements decreased slower than was deduced from
examination of the hydrological budget (figure 1). There are errors within both methods,
but an additional positive water inflow to Big Aral (5 km3/year) possibility via significant
underground water inflow cannot be ignored. This conjecture needs to be further assessed
by hydro-geological modelling and more accurate data on the evaporation and precipitation
rates. Even if this can be accurately established, the groundwater flow will likely only slow
the desiccation of the Big Aral. To reverse the process or even to stabilise the sea level to
the level of the mid 1990’s, would require more underground flow than could be supplied
in even the most optimistic scenarios (Crétaux et al., 2005).
For Small Aral the situation since 1989 is radically different. It has continued to be fed by
the Syr Darya river, and has dried up at a lower rate than its counterpart. There are two
main explanations: first the area of the basin is much smaller which diminishes the effect
of evaporation, and secondly, during the years 1992 to 1999 a dam was built in the Berg’s
strait which stopped the loss of water from the Syr Darya into the desert. This dam was
destroyed (and rebuilt) 3 times during this period. Aladin et al., 2005 demonstrated that
during the period (1993 – 1999) the existence of the dam allowed some restoration of the
Small Aral. They computed that during periods of dam absence, only 20 % of the river
runoff as measured at Kazalinsk (figure 2) reached the sea. The rest was lost to evaporation
in the delta and in the desert, as well as to underground infiltration and probably some
inflow to Big Aral through the Berg’s strait. This computation (with uncertainties ~10 to
15% percent? In fact to be true one must say 20 to 25%: this is more in agreement with
new computations made after the article was written) was fully based on comparison of
volume variations deduced from a combination of altimetry and bathymetry data with
volume variations deduced from the hydrological budget. The same calculation, when the
dam was in place, showed that the dam allows a water retention of 80 % of the river runoff
that enters via the Syr Darya delta (figure 2). This computation determined the correlation
between the amount of water entering into the Syr Darya delta and the level of Small Aral
(Aladin et al., 2005) and could be used for water management and economy implication
studies.
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Figure 2: variation of volume of Small Aral deduced from satellite altimetry (black stars) and from
hydrological in-situ measurements (orange triangle) . Amount of runoff data from the Syr Darya river to
Small Aral have been adjusted considering initial values measured in Kazalinsk (From Aladin et al., 2005)
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In August 2005 a new dam has been built. The result is very preliminary, but in less than
one year, the altimetry measurements have immediately showed that obvious consequence
was in increases of Small Aral level and area (extent is about 400 km 2 from May 2005 to
May 2006). However, at this stage it is still difficult to quantify thr effect of this new dam.
Inter-annual Variability of Syr Darya river runoff influences in the available water to Small
Aral, and seasonal cycle also influence level variation of the lake.
CASPIAN SEA

The Caspian Sea has been characterised by cyclic and high amplitude water level
variations over historical time scales. For 2000 years the sea level fluctuated around 15
meters but this has declined to ~7 meters over the last five centuries, with corresponding
surface area variations between 360,000 to 400,000 km2 (Shiklomanov et al., 1995).
Adaptation of human activities, efficient use of water resources, sustainable development
and ecosystem protection fundamentally depend on the variations of this Caspian Sea
water level. Water balance investigations can utilise more than a hundred years of groundbased data based on the network of hydrometeorological stations homogeneously scattered
along the coast and Islands of the Caspian Sea. Averaged data from four stations (Baku,
Makhashkala, port Shevchenko and Krasnovodsk) provides an “official” Caspian Sea
Level (CSL) (figure 3) from which uncertainty in the water balance (mainly the
evaporation rate), can be explored (Kosarev and Yablonskaya 1994, Shiklomanov et al.,
1995).
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Figure 3: CSL variation deduced from altimetry measurements.

A detailed description of the water balance components can be found in Shiklomanov et
al., 1995. The Volga river provides 80% (more or less 250 km3/yr) of the total inflow, and
dictates the interannual variability of the Caspian sea. Underground water inflow is about
3-5 km3/yr and the precipitation rate is ~250 mm/year with high temporal variability.
Evaporation represents the main outflow component, (~730 mm/year) without high
temporal variability. Discharge to the Kara Bogaz bay in the East has varied between 0 to
30 km3/year and depends on the difference of the level between the Caspian sea and the
bay.
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Recent radar altimetry measurements have helped to explore the water balance of the
Caspian providing level variations at a time when gauge data is sparse. Comparison of
altimetry measurement and in-situ gauges data demonstrates that the general trend of both
time series are correlated with some remaining discrepancies: 7cm of level differences
were observed in 1995, which can lead to ~ 30 km3 difference in water volume (Crétaux &
Birkett 2006). Figure 3 shows the Caspian Sea level from radar altimetry up to 2005:
http://www.legos.obs-mip.fr/soa/hydrologie/hydroweb/. Noted are the 60 centimetres in 7
years decrease after peak in 1995, and then the continued rise after 2002. Seasonal
variations of sea level (~20 centimetres) are mainly driven by changes in river runoff,
evaporation and precipitation.
CONCLUSIONS

Satellite radar altimetry allows the measurement of lake height variability over the lifetime
of the satellite. With a given temporal and spatial resolution, height accuracy can be of the
order of a few centimetres to tens of centimetres. Validation is via comparison with
ground-based gauge data, and measurements can be combined with bathymetry and
imaging area extent to deduce volume changes. Height and volume parameters are
important for water balance studies, and for routine monitoring across basins.
Result already obtained on Aral and Caspian Seas were accurate enough to determine
water balance of these lakes and combined with in-situ data it helped to solve for some
issue as presence of underground water like in Big Aral.
REFERENCES

1. Aladin N.V., Crétaux J-F., Plotnikov I.S., Kouraev A.V., Smurov A.O., Cazenave A.,
Egorov A.N., Papa F., (2005). Modern hydro-biological state of the Small Aral Sea,
Environmetric, Vol 6, Issue 4
2. Birkett S., (1995). Contribution of TOPEX/POSEIDON to the global monitoring of
climatically sensitive lakes, Journal of Geophysical Research, Vol 100, No C12, pp
25,179-25,204.
3. Crétaux J-F and C. Birkett, lake studies from satellite altimetry, in press to Compte
Rendu de l’Académie des Sciences, 2006
4. Crétaux J-F, Kouraev A.V., Papa F., Bergé Nguyen M., Cazenave A., Aladin N.V., and
Plotnikov I.S., water balance of the Big Aral sea from satellite remote sensing and in
situ observations, Journal of Great Lakes Research, 31 (4), 2005.
5. A.N. Kosarev, E.A. Yablonskaya, (1994). The Caspian Sea, SPB academic Publishing,
The Hague.
6. I.A. Shiklomanov, V. yu Georgievsky, Z.D kopaliani, (1995). Water balance of the
Caspian Sea and reasons of water level rise in the Caspian Sea, IOC Workshop report
No 108, pp 1-28, Paris.

64

Extreme hydrological events in Aral and Caspian sea region
The proceedings of International Scientific Conference Moscow, 19-20 October 2006

DISASTEROUS CHANGES IN REGIME AND DIMENSIONS OF THE ARAL SEA
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INTRODUCTION

The fate of the Aral Sea is very tragic and it still attracts attention of geografers of the
whole world. Recently, about 40-50 years ago, the Aral Sea represented an unique water
body among the deserts of the Central Asia. It was famous for its abundance of fish, its
beaches and blue water. The deltas of the Syr Darya and Amu Darya rivers were peculiar
green oases among the deserts. Reed jungles, impassable tugai woods, lakes, full of fish,
waterfowls and musk-rats, grass lands, irrigated lands and pastures were the main natural
resources of these deltas. That time Aral was regularly fed by the water of inflowing rivers
– Amu Darya and Syr Darya. Its water level was almost stable: about 53 m in Baltic
System (BS) [1, 2]. However, in 1960 – 1970 the situation has radically changed. Since
1961 water level began to drop quickly. The lake gradually dried out. The deltas became
degraded and over 45 years this unique water body has lost its former natural appearance.
Systematic hydrological investigations of the Aral Sea have stopped since the beginning of
1990. All hydrological stations, based on the Lazarev and Barsakelmes islands were also
closed. Today the only way to control the natural state of the Aral Sea is space survey
(except occasional scientific expeditions and observations).
CAUSES OF WATER LEVEL DROP OF THE ARAL SEA

It is the researchers’ opinion [1, 2] that the drop of water level of the Aral Sea is caused by
such reasons as water deficit in river basins and water debalance in the lake. Water deficit
was caused by anthropogenic withdrawal from Amu Daria and Syr Darya. But according to
some ideas, the changes in river water inflow and water level of Aral could be explained
using some geological and hydrogeological hypoteses.
Detail analysis of water balance formula for Aral had been carried out recently; functional
relationship between volume and water level and correlations between water level and
water runoff of rivers, flowing into the Aral Sea also had been established. Owing to these
researches water-balanced character of the Aral level changes was confirmed [4, 6, 7].
Discrepancy of the water balance turned to be insignificant and alternating. One-sided
filtration losses of the waters of the Aral Sea couldn’t be revealed. Analysis of regression
equations can show that even direct correlation of the levels of the Aral Sea with water
runoff of rivers may give quite good results (correlation coefficient is about 0,7 – 0,8).
Correlation between ordinates of normalized difference – cumulative curve for combined
water runoff of two rivers and sea levels is close to linear (corellation coefficient is more
than 0,99).
In Moscow State University a method, which can help to perform calculations of unknown
characteristics of the Aral Sea, such as water level, volume and even salinity of the water
was developed. To perform this calculations information about area of water body and its
parts, obtained from the space survey is required. This method is founded on the following:
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1) analytically expressed relationships between the level of Aral and its parts and their
areas (these connections were found using the detailed relief map of the bottom of the Aral
Sea, made in 1961); 2) empirical dependence between the volume of the well and its
salnity (using the information, obtained during the observations before 1990). Using this
method (it was proved on the data when levels and salinity could be measured regularly)
some characteristics of the Aral Sea for the period after 1990 were computed [5-7].
CONSEQUENCES OF THE DROP OF THE ARAL SEA LEVEL

Over the period 1960 – 2003 the level of the Aral Sea dropped from 53 to 31 m BS’ by 22
m (Fig.1). Average intensity of this drop comprised to 0,5 m per year. Some years the level
of the well was dropped for more than 1 m. Over this period the surface area of the Aral
Sea reduced from 67 000 to 19 000 km2 (3,5 times decrease). The volume of the whole lake
reduced from 1080 to 130 km3 (8 times decrease). Average depth reduced from 16 to
6,8 m, the most depth (this point is situated in the west deep-water zone of the lake) – from
69 to 47 m.

Figure 1. Changes in the hydrological characteristics of the Aral Sea: а – level of the Large (1) and Small (2)
Arals and salinity of Large Aral (3); b – water runoff of the Amu Darya, Syr Darya (5) and combined water
runoff of two rivers [4, 5].
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In 1988 – 1989 Aral finally separated into two parts: Large Aral (Large sea) and Small
Aral (Small sea). They existed before as two reaches connected by Berg’s gat. After
separation a small channel retained here, and some excessive waters still flowed from
Small to Large Aral. After 1989 Small Aral changed little its area, volume and level. While
volume, area and level of Large Aral continued to decrease, dimensions of Small Aral
remained nearly invariable with its area about 2800–3000 km2 , volume about 18 km3 and
water level about 39–42 m BS.

Figure 2. Schema of the changes of the Aral Sea coastline from 1957 till 2002 [3, 6].
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Coastline of the Aral Sea (mainly Large Aral and its shallow eastern part) appreciably
shifted and straightened [3]. Many gulfs dryed up (particularly in the eastern and southern
parts of the lake), some islands joined coasts.and formed peninsulas (Fig.2). Deltas of the
Amu Darya and Syr Darya rivers are almost dryed up. In 2001 the greatest island of the
Aral Sea – the Vozrozhdeniya island – joined southern coast of the lake. Little by little
Large Aral separates into two parts: deep western (it borders with plateau Ustyurt) and
shallow eastern. This separation can occur within the next few years.
While the volume of the Aral Sea reduces, the salinity of waters quickly increases. Before
the beginning of the level drop, the salinity of Aral waters was similar to salinity of the
Caspian Sea (10–11‰). By the end of 80th salinity exceeded 25‰, so the lake changed its
status from “brackish” to “salt”. In 1992 – 1993 salinity of the Aral Sea was approached to
the salinity of the ocean (35‰). In 2000 the Aral Sea (Large Aral) changed its status again:
its water became not salt, but brine (S > 50‰). At the end of 2002 the expedition of
Institute of Oceanology (Russian Academy of Science) measured the salinity of the Aral
Sea. In the western part of the Large Aral it was 76‰ at the surface, and much more near
the bottom. While the salinity of water increased, its salt composition also changed. Salt
composition of the Aral Sea water becomes similar to such in Kara-Bogas-Gol bay.
Thermal regime of the water body changed appreciably. When the salinity of water reaches
100‰, its freezing point decreases up to –5°С. The temperature of near-surface layer
became very low. In spring and summer all of the extensive shallow waters get warm, so
their temperature also grows up. Seasonal temperature fluctuations of water increased, too.
Therefore, ice regime became more severe.
Ecosystem of the Aral Sea disturbed. All the freshwater and brackish water organisms died
out. Specific composition and total biomass sharply reduced. In winter Aral produces a
freezing effect on the adjacent territory. Moisture of the air diminished. On the contrary,
“sand storms” occur more frequently, sand and salt from the dried part of the water body (it
turned into a salt-marsh) are carried away by the wind. Desertification of the neighbouiring
territories is enhanced.
Undoubtedly, the degradation of the Aral Sea will continue. In a few years it will represent
three separated water bodies: Small Aral (its regime will be sufficiently stable because of
periodical water inflow from the Syr Darya river – this process should be artificially
regulated), eastern part of Large Aral (it becomes shallow very quickly and will disappear
completely when its level will become 26 m BS) and deep western part of Large Aral (its
salinity will reach 100‰ and more). The intensity of degradation of eastern and western
parts of Large Aral will depend on the amount of the Amu Darya water runoff. If river will
stop its flow into the residual water bodies of the former Aral Sea, these lakes will
inevitably dry out and their bottom will turn into a saline land.
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* The State University named Lomonosov, , Mathematical, Leninskie Goryu, the Moscow
State University, 119992 Moscow, Russia.
** Water Problems Institute of the Russian Academy of Sciences, 3 Gubkina str., 119991,
Moscow, Russia. shveik@aqua.laser.ru
In this paper it is described the decision of a problem on a presence of times and
probabilities of transition from some fixed to top or bottom level. This decision is based on
nonlinear regress model of the Caspian sea level fluctuations, on the natural data.
Let's consider the data on mid-annual supervision over the Caspian sea level in Baku with
1830 on 1992. We shall enter the normalized data as follows [11]:
2 X ( t ) − X max − X min
Z ( t) =
,
X max − X min
where X max = max X (t ) , X min = min X (t ) , Z (t ) ≤ 1 .
1≤ 1≤ N

1≤ t≤ N

The model constructed on the dimensionless data looks like [7]:
Z ( t + 1) − Z ( t ) = Φ ( Z ( t ) ) + γ ( t ) ,

(1)

5
where Φ ( Z ( t ) ) = − 0,021 + 0,0021Z ( t ) + 0,1441Z ( t ) + 0,057 Z ( t ) − 0,1231Z ( t ) − 0,1176Z ( t ) ,
and γ ( t ) - residual sequence. Positions of balance of system (1) when Z ( t + 1) = Z ( t ) to
within γ ( t ) , are defined by a condition:
Φ ( Z* ) = 0 , i.e.
2

3

4

Φ ( Z* ) = − 0,021 + 0,0021Z* + 0,1441Z*2 + 0,057 Z*3 − 0,1231Z*4 − 0,1176 Z*5 = 0.

To this equation satisfy the following roots (in relative scale):
Z*1 = − 0, 46; Z*2 = 0, 38; Z*3 = 0,86; Z*4 = − 0,92 − 1,87i; Z*5 = − 0, 92 + 1,87i.
In absolute scale under the formula of transition material roots have been transferred only:
X ∗ 1 = − 27.89 m abs.; X ∗ 2 = − 26.36 m abs.; X ∗ 3 = − 25.45 m abs.
The characteristic realization received on the basis of model (1), is plotted in Figure 1.
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Figure 1. Possible trajectory of fluctuations of the Caspian sea level , constructed for sample of length 1200
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Extrema of curve regress are determined by values of derivatives in the points
corresponding to the least and greatest roots of polynom Ф (Z (t)) = 0 [7]. Check has
shown that values of derivatives coincide with factors of the linear regresses constructed
separately for each level. The wide scatter of the given supervision is determined by value
of a standard deviation of residual sequence and does not interfere [4] to construction of
regress.
What probability of that the sea which is taking place in the beginning on the fixed mark
H c (for example, the size H c can be a sea level, observed in 1999 year) reaches a high level
H 3 (-25.47 m abs.) earlier, than bottom H 1 (-27.92 m abs.) and what average time of
achievement of new balance position. The decision of this problem is based on the decision
of the return equation of Kolmogorov.
Let's consider in the beginning the decision of this problem in a general view. We shall
assume, that researched process is described by the stochastic differential equation,
decision of which is defined by stochastic integral. Two correct definitions exists for this
integral - on Ito or on Stratonovich [5]. Chosen Ito [6] definition of stochastic integral is
the basic in the extensive mathematical literature.
Integral Ito means, that between casual process X t and casual revolting force Wt at the
moment of time t there is no dependence.
The definition of stochastic integral given by R.L.Stratonovich [3,12], is used mainly in the
physical literature.
In applied researches it is frequently supposed, that casual revolting Wt force has small,
but, nevertheless, time of correlation distinct from zero with casual process X t . This
"short", but nonzero memory of casual force Wt results in dependence between casual
process Xt and casual force Wt during the same moment of time t. As shown by
Stratonovich [5], stochastic integral takes into account such correlation between system
and external noise (casual force Wt ).
Let the differential stochastic equation, based descriptions of considered dynamic system,
is written down in form Ito (it is usually used in theoretical researches in mathematics)
dX t = f ( X t ) dt + σ g ( X t ) dWt ,
(2)

Where f ( X ) and g ( X ) - factors of transfer and diffusions accordingly.
In Stratonovich form this equation looks like


σ 2
dX t =  f ( X t ) +
g ′ ( X t )  dt + σ g ( X t ) dWt
2


Fokker-Planck-Kolmogorov equation for homogeneous process on time in a general view
looks like [5]:
in Ito case
∂  f ( y ) p ( y , t x )  σ 2 ∂ 2 g 2 ( y ) p ( y , t x )
∂ p ( y, t x )
,
= −
+
⋅
∂t
∂y
2
∂ y2
in Stratonovich case

(

)
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σ 2
∂   f ( y) +
g ′ ( y ) g ( y )  p ( y, t x ) 
2
2
∂ p ( y, t x )
2
σ 2 ∂ g ( y ) p ( y, t x ) .




= −
+
⋅
∂t
∂y
2
∂ y2
Let's emphasize, that Fokker-Planck-Kolmogorov equation includes the same factors of
transfer and diffusions, as into the initial stochastic differential equation (2).

(

)

In a general view Kolmogorov's return equation looks like [5]
∂ p ( y , t x, s )
∂ p ( y , t x, s ) 1 2
∂ 2 p ( y , t x, s )
−
= f ( x, s )
+ ⋅ g ( x, s )
∂s
∂x
2
∂ x2
The adjective " return " is included into the name of this equation because the variation
undertakes concerning an initial condition х and the initial moment of time s. The final
condition ( y, t ) is included into the decision of the return equation of Kolmogorov as
parameter. Not applying for severity, it is possible to tell, that Kolmogorov's return
equation gives the decision of a problem in which diffusion process X t should begin
during the moment s that at the moment of time t to proceed in the set condition y .
In our concrete case the stochastic differential equation (2) gets a kind
dZ t = Φ ( Z t ) dt + σ dWt ,
(3)
where Φ ( Z ) - regress dependence of increments of the Caspian sea level on its level, σ intensity of white noise, Wt - Wiener standard process. Dependence is received on the
natural data and set in expression (1). Prominent feature of this function - presence of three
zero Φ ( Z i* ) = 0, i = 1,2,3.

Let's designate U = − ∫ Φ ( Z ) dZ

- potential of the Caspian sea which has two minima in

*
points Z 1* and Z 3 and one maximum in a point Z 2* . For model of the fifth order

Z1* = − 0.462 (dimensionless size) Z 2* = 0.381, Z 3* = 0.860 . Presence of two metastable
conditions results to radical change of the standard mechanism of a sea level fluctuations
and explains the mechanism of two modes of the Caspian sea level histogram.

As the factor of diffusion is a constant for model (3), Fokker-Planck-Kolmogorov
equations in Ito form and Stratonovich form coincide:
∂  Φ ( y ) p ( y , t x )  σ 2 ∂ 2 p ( y , t x )
∂ p ( y, t x )
= −
+
⋅
∂t
∂y
2
∂ y2
The stationary density of probability of the level [5], received as a result of the decision of
Fokker-Planck-Kolmogorov equation for (3) is expressed as follows
 2 x

C
ps ( x ) = 2 exp  2 ∫ Φ ( u ) du  , xmin ≤ x ≤ xmax ,
σ
 σ −∞


(

)

where C - a normalizing multiplier, σ 2 = 0.00( 4 ) - a residual dispersion of model (1).
The stationary density of probability of the level, received as a result of the decision of
Fokker-Planck-Kolmogorov equation (3), has two modes.
Probabilities and average times of transitions from the fixed point x0 to bottom (a level
corresponding to a smaller root of Φ ( Z ) ) and top (a level corresponding to the greater root
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of Φ ( Z ) ) levels are defined on the basis of Kolmogorov's return equation of model (3)
[9,10]:
∂ p ( y, t x )
∂ p ( y , t x ) σ 2 ∂ 2 p ( y , t x, s )
.
−
= Φ ( x)
+
⋅
∂s
∂x
2
∂ x2
Probabilities of transitions to the bottom and top levels are defined accordingly by the
following expressions:
X *3

π

X *1

( x0 ) =

∫ ( p ( x) )

−1

∫ ( p ( x) )

−1

s

x0
X *3

s

x0

dx
, π

X *3

dx

X *1

( x0 ) =

∫ ( p ( x) )

−1

∫ ( p ( x) )

−1

s

X *1
X *3

s

dx

.
dx

X *1

Also average times of transitions are received on the basis of Kolmogorov's return
equation.
Table 1. Probabilities of transitions and their duration from the fixed level to the top and bottom levels on the
basis of Kolmogorov's return equation
Level,
m abs

Probability of
transition
to the bottom level

Time of transition,
years

Probability of
transition to the top
level

Time of
transition, years

-27.74
-27.55
-27.36
-27.17
-26.99
-26.81
-26.62
-26.44
-26.25
-26.07
-25.88
-25.69

0.98
0.96
0.93
0.89
0.83
0.75
0.64
0.50
0.35
0.22
0.12
0.05

5
10
13
17
20
22
25
28
30
32
33
34

0.02
0.04
0.07
0.11
0.17
0.25
0.36
0.50
0.65
0.78
0.88
0.95

34
33
32
29
27
24
20
17
13
10
7
3

For example, probability of transitions of the Caspian sea level from a mark from -26.62 m
abs to the top and bottom levels it is accordingly equal 0.36 and 0.64, accordingly times of
transitions equal 20 and 25 years. Rather the high probability of transition to the bottom
level speaks about presence of wide interval of instability in a vicinity of the bottom level.
At increase of a level the probability of transition to the top equilibrium level exponential
increases.
Thus, fluctuations of the Caspian sea stage is characterized by the long periods of standing
near to steady conditions of balance and transitions from one level to another.
It is necessary to note, that nonlinear models of reservoirs level fluctuations are actively
developed abroad [1,8].
In a large-scale time scale quantity of the Caspian sea transitions on an interval of time [0;
T] from one equilibrium level to another submit to Poisson law with parameter 0.01-0.02
1/year. We shall emphasize, that processes of heat and water exchange in the sea watershed
are strongly unstable, nonlinear dynamic processes which description is possible only on
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probability level, i.e. to predict it is possible only evolution of ensembles. The prediction of
an individual trajectory for 100 years forward is incorrect [2].
In Figure. 2 it is shown the probability forecast of the Caspian sea level transitions from a
mark of -26.99 m abs. (a thin line - the natural data, fat black and grey lines - the forecast
on the basis of nonlinear model (1)). The sea passes to the top level with probability 0.12
for 33 years, and to the bottom level with probability 0.88 for 27 years.
-25.0
-25.5

Level of the sea, m abs.

-26.0
-26.5
-27.0
-27.5
-28.0
-28.5
-29.0
-29.5
1830

1850

1870

1890

1910

1930

1950

1970

1990

2010

2030

2050

Time, years

Figure 2. The predict of the Caspian sea level transitions to top and bottom levels.
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DEGRADATION OF THE ARAL SEA AND SURROUNDING TERRITORIES:
SPECIFIC PHENOMENA OBSERVED WITH SATELLITE IMAGERY
V.I.Kravtsova
Faculty of Geography, Lomonosov Moscow State University, Leninskiye Gory,
Moscow GSP-2 119992, Russia
INTRODUCTION

Regular spaceborne surveys allow to observe changes of the diminishing Aral Sea,
formation of landscapes on the former sea bed and their impact onto the surrounding area.
Laboratory of Aerospace Methods at Moscow State University conducts space monitoring
of Aral and its vicinity. Multitemporal satellite images have been used for compiling maps
of sea coastline retreat for the whole period of sea degradation [2]. A map, which shows 14
positions of Aral coastline in 1957-2003, is presented in the paper by Mikhailov,
Kravtsova, and Gurov at this conference.
Due to regular observations during the year from Terra and Aqua satellites, seasonal
changes in sea area have been identified with images taken in different seasons.
Comparison of these results with radioaltimetry measurements shows their good
correspondence. Fluctuations of sea area also show the influence of the working regime of
the dam in the former Berg strait onto the water levels in the north-eastern bay of the Big
Aral Sea. Some specific occurrences of direct input of Syrdarya River and Amudarya River
waters into Aral Sea have been registered. Moreover salt storms and wind induced sea
surges have been recorded in satellite images. Seasonal dynamics of ecosystems of the
former sea bed and surrounding territories has been investigated with multitemporal
imagery. Mapping of seasonal landscape changes have shown that the main factors of the
former sea bed regime are the humidity and salinity dynamics.
SEASONAL CHANGES OF SEA AREA AS AN INDICATOR OF SEASONAL SEA LEVEL
FLUCTUATIONS

The opportunity to watch the Aral Sea changes during a year from ice break-up to the
formation of new ice has appeared due to regular survey from Terra and Aqua satellites.
The changes of coastline position within a year have been mapped with multitemporal
MODIS/Terra images (18 images for 2002-2003) and the sea area at various times of a
year has been computed. Results of these measurements are also covered in the paper by
Mikhailov, Kravtsova, and Gurov at this conference. These results were compared with
satellite radioaltimetry data from TOPEX/Poseidon and Jason satellites and they had
shown a very good correlation. Specific features of the sea regime are revealed, namely the
non-uniform rate of the sea level fall within a year (a small level rise in spring – early
summer time and a sharp fall in late summer – autumn).
Seasonal rhythm of the sea level fall is explained by several reasons. In spring and early
summer (March – mid-July) the level is sustained and even a small rise takes place after
melting of snow cover at surrounding plains and during snow cover/glacier melt season in
the mountains. This stipulates the peaks of hydrographs for Amudarya and Syrdarya
Rivers, which then produce a small discharge to Aral. In summer months, despite high
evaporation, some compensation of water loss is provided by thermal expansion. This
explains stable water levels. In the end of summer and in autumn, when external input of
the water ends and water is cooling, the maximum fall of sea level is observed. In winter
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months, when evaporation from the ice-covered sea surface is minimal, the coastline has
no significant changes.
WIND-INDUCED SURGES AND SALT STORMS

The above-mentioned maps of changes of coastline position during a year show not only
the non-uniform rates of the of sea level fall from spring to autumn but also various trends
of coastline position changes in different parts of the coastal zone. The retreat of coastline
in one place is accompanied by an advance elsewhere. The most evident explanation of this
phenomenon is the removing of water masses in a certain direction (landwards or
seawards) under wind action. Thus we observe wind induced surges and reverse water
movements. Wind induced surges were noted at Aral Sea in previous years. However,
presently they take place in very shallow waters on the former sea bed, and so they became
stronger and cover large areas. For example, a very strong wind-induced surge was
recorded in a MODIS/Terra satellite image of April 16, 2003 (Fig. 1), when a strip of land
up to 30 km wide and 1800 km2 in area was flooded in the south-western part of the Big
Aral coastal zone. At the same time on eastern coast of the Big Aral Sea a strip 2-3 km
wide and 270 km2 in area was free of water and coastline moved in seaward direction.
This image also indicates the source of water for such a large inundation of the southwestern coast. In the southern part of the Big Aral aquatory the bottom sediments are
visible in an area of 2300 km2. It is likely that water masses from this part of the sea were
moved by wind in the south-western direction and then covered a wide strip of land.
Another situation was observed two weeks later, on May 1, 2003; it is presented in the
second map of Figure 1. The surge was finished, and the previously flooded south-western
coastal zone was nearly free from water and became land again. Bottom sediments in the
central southern part of Big Aral were not seen at that date, as water covered them again.
The coastline at eastern coast of Big Aral Sea returned in landward direction by 5-12 km.
So we observe a new surge in the opposite north-eastern direction. The flooded area in the
eastern coastal zone of the Big Aral covers a strip up to 12 km wide and 160 km long,
1100 km2 in area.
Fig.1. Wind-induced surges and a
salt storm at the Aral Sea region
discovered by comparison and
interpretation of MODIS/Terra
satellite images of 21.10.2002
and 16.04.2003 (a), 16.04.2003
and 01.05.2003 (b). 1 - Coastal
zone, free of water on the first
date and flooded on the second
date (a wind-induced surge). 2 –
Coastal zone, flooded on the first
date and free of water on the
second date. 3 – Water present on
both dates. 4 – Sea bed, visible
through water. 5 – Salt crusts. 6 –
Trails of salt-dust storm.

The presence of strong wind, which caused the surge on April 16, 2003, was also
registered in the satellite image. Light strips stretching from salt crusts through the sea area
in south-western direction indicate a salt-dust storm. The first salt-dust trail is bringing a
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cloud of salt and dust from salt crusts formed at eastern shore of the Big Aral Sea. The
second trail originates from bright-white salt crusts at the southern shore. It is moving to
south-west toward the Sary-Kamysh depression.
SOME FORMS OF RIVER RUNOFF INTO THE ARAL SEA

A temporary runoff (surface or underground) leads to growth of reed vegetation on the
dried sea bed or at least to some wetting of the bed surface and the washing away of salt
crusts. Strips of reed grow as if they were continuing the river channels. A rare presence of
water in the southern branch of Syrdarya River was observed in the image taken on June
21, 2002 as humid ground in the continuation of the channel across the former sea bed
terraces. An image of July 10, 2002 registered a discharge of water from a water storage
pond in the Amudarya River delta towards the sea. An alluvial cone formed and was then
quickly destroyed by coastal processes. Water discharge to the Aral from this reservoir was
also observed in images on May 29 and July 8, 2003. In the image of September 22, 2004
wet stripes across the area of the mentioned alluvial cone indicate underground runoff of
the Amudarya River waters into the Aral Sea. Images also show the features of economic
activity in the Amudarya River delta, which aims to preserve extensive reservoirs, filled at
the end of summer with post-irrigation waste waters. Thus this is also objective evidence of
the reasons of the Aral Sea collapse.
SEASONAL CHANGES OF COASTAL ZONE LANDSCAPES

A map of natural complexes of the coastal zone was compiled for to investigate seasonal
changes in the landscapes of the former sea bed. The map characterises terraces of three
levels, these formed 1-2 years ago, 5-6 years and up to 30-40 years ago (Fig.2).
1 - Marshes (alternating
water and dry bed areas).
Former sea bed areas,
emerged from water at
different times: 2 – 1-2
year ago – terraces of the
1st
level (silt desert
without
vegetation,
covered by salt crust after
drying); 3 – up to 5-6
years ago – terraces of the
2nd level (loam-silt desert
with solonchak shrub
vegetation,
with
salt
crusts at the edges of wet
strips, subject to deflation
and early stages of
Aeolian relief); 4 – up to
30-40 ears ago – terraces
of the 3rd level (sand-solonchak desert with spots of psammophyteshrub vegetation, alternated with solonchaks and bare sands, with
developed deflation and Aeolian relief. 5 – Loam and sand deserts at
shore plains with psammophyte-shrub and saksaul vegetation. 6 –
Delta plains with semi-desert grass and shrub vegetation. 7 – Reed
vegetation in river deltas and at sea coasts. 8 – Solonchaks, lakes,
temporary water bodies. 9 – Sea.
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Figure 2. The map of natural complexes of the Aral region

A series of maps of seasonal changes in the state of natural complexes has been compiled
for the first time. Images taken in April, May, July and September 2002 were used (Fig.3).
Colonisation of former sea bed territory by vegetation (annual halophytes, then shrubs) is
not observed in the images due to the rare vegetation cover. But seasonal changes of
wetness and salinity at the former bed can be precisely traced as well as the phonological
vegetation changes in the surrounding deserts and in reed thickets within deltas.

1 – Marshes (alternation of water and dry bed
spots). Clay-silts and sandy-solonchak deserts at
former sea bed: 2 – very wet; 3 – wet; 4 – dry. 5 –
Salt crusts at the edges of wet strips of former sea
bed. 6 – Sediments of wind-eroded salt at dry
former sea bed. Desert vegetation of shore land: 7
– living (ephemeras); 8 – dry. Semi-desert
vegetation at delta plains: 9 – living; 10 – dry. Reed
vegetation in river deltas and at sea coasts; 11 –
living; 12 – dry. Solonchaks, lakes, reservoirs: 13 –
with open water surface; 14 – covered with reed.
Solonchaks: 15 – wet; 16 – dry with salt crusts.
Figure 3. A series of maps of seasonal changes in
natural complexes in 2002: a – April 16; b – May
18; c – July 10; d – September 19

SEASONAL RYTHM OF HUMIDITY AND SALINITY AT THE FORMER SEA BED

The state of natural complexes varies as the ground dries after winter-spring
humidification. The regime of ground salinity is closely connected to changes in territory
wetness. The wide stripe of terraces of the 1st and 2nd level is moistened in spring. The salt
crust forms at the edge of these terraces due to evaporation and perspiration; it borders the
moist surface of terraces by a strip from 2 to 10 km in width.
As the territory dries, the crust also dries up. It is eroded by wind, becomes a source of salt
storms, and is gradually destroyed. In 2-3 months it breaks up to separate patches, and the
terraces of the 3rd level behind them become covered by a layer of salts. By the end of
summer the remains of this salt crust completely disappear. In parallel with the destruction
of this first and thickest salt crust, formed in spring with drying of the 2 nd level terraces,
new strips of salt crusts are forming at the edges of a narrowing strip of lower wet terraces.
These in turn are dried and then destructed by deflation processes. Sometimes there are
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simultaneously two and even three strips of salt crusts, each at a different development
stage. Thus, the basic processes of seasonal dynamics in the former sea bed territory are
connected to a regime of moistening and salinisation, drying of the ground, formation and
then destruction of salt crusts on the edge of the narrowing humidified strips. These
processes are shown in a series of maps (Fig. 4).

Figure 4. Seasonal changes of humidity and salinity
at former sea bed zone.
Coastline: 1 – in 1961, 2 – in 2002. Parts
of former sea bed: 3 – very wet, 4 –
moderately wet, 5 – dry, 6 – salt crusts, 7
– areas with salt accumulation after wind
erosion of salt crusts.
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EXTREME REGRESSION OF THE CASPIAN SEA IN EARLY HOLOCENE
E.G.Mayev
Geographical Department of Lomonosov Moscow State University
119992, GSP-2, Moscow, Leninskie Gory
Nowadays, the fact of deep decrease of the Caspian sea level in the early Holocene, on the
boundary between late Khvalyn and neocaspian epochs, in so called “mangyshlak time”, is
beyond the question). But there is no unanimity in the question of evolution and scales of
this regression. In the given message the author states his notion about changes of level in
mangyshlak time, proving multiphasal nature of regression and extreme decrease of level
for the Holocene - up to the marks close to -90-100 m abs. height. The characteristics of
conditions in mangyshlak time are based on the analysis of bottom sediments sequence and
sea bottom relief.
For the first time mangyshlak (postKhvalyn) regressive stage was specified by
M.M.Zhukov, on the basis of data about overdeepening of channel of VolgoAkhtubinskaya valley and on presence of the erosion forms at the Northern Caspian - such
as Ural furrow etc. [2]. In the further, the subject of its scales and age was broached by
many researchers. According to M.M. Zhukov, the level during mangyshlak phase was 2022 m below modern Caspian sea level (-50 m abs. height). A.V.Shnitnikov stated small
decrease in a level – only 10-12 m below modern - though V.G.Rihter [9] had already
specified lower level – up to 40 m (almost –70 m abs. height). Mangyshlak stage was
compared not only to postKhvalyn, but also to neocaspian, khazarian epochs.
The very first long sediment cores, raised from the Caspian bottom with the help of piston
corers, have shown multilayer structure of sections of botton sediments [5, 6]. A number of
layers (horizons) was essentialy different in their lithological properties.
The top horizon - grey highcarbonate silts – is of the neocaspian age, corresponding
neocaspian transgressive epoch. The second horizon is compared with mangyshlak
regressive stage. Its structure will be examined below in more details. The following, third
horizon, underlying mangyshlak sediments, represents deposits of the late khvalynian
transgressive basin which was more deep-watered, than neocaspian, that had defined thin
mechanical composition of pelitic low calcareous deposits. At last, the fourth horizon is
similar on lithology to mangyshlak deposits. It is correlated with enotaev (interkhvalynian)
regressive stage.
In a deep-water part of the sea (outside the shelf) mangyshlak sediments are presented by
aleuritic-clay or fine aleuritic silts, while overlying neocaspian and underlying
upperkhvalynian deposits are presented mainly by clay. The coarsening of the mangyshlak
sedimentsts is connected with sinking of base level (the Caspian sea level) during
regression. The most coarse-grained sediments are observed in the top part of a
mangyshlak layer, near the cover, from what the conclusion follows, that the maximum
regression took place much closer to the end of mangyshlak epoch. The palynological
analysis of mangyshlak sediments [1] has shown acute xerophytesation of vegetation cover
in the Caspian region, caused by essential aridization of climate. This makes obvious
climatic conditionality of the regression. The second order (phase) fluctuations of a level
have not found reflection in a structure of deep-water sediments. Amplitudes of phase
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movements of the level are proportionate to sea depths on shelves. Therefore, displacement
of a shoreline and of a zone of active wave influence on bottom, has much greater effect on
changes of sediment conditions on shelves, than in deep-water area. Phase level
movements were more apparent in a structure of shelf sediments, enabling to decipher
some details of regression process on the basis of sediment structure characteristics.
Most graphic evidences of the first phase of mangyshlak regression, revealed by
M.M.Zhukov ( 50-meter phase), were preserved in sediment structure and in bottom
morphology of the western shelf of the Middle Caspian basin. Here, in a zone of 20-25 m
depths, a strip of relict sandy-shelly deposits which was found by O.K.Leontiev, was
developed. The same coarse-grained sediments have formed an accumulative body of an
ancient coastal barrier - the Derbent bank, which marks a shoreline of 50-meter regression
phase [4, 7].
Studying of deposits of an edge zone of eastern shelf has enabled to reveal traces of two
other phases of mangyshlak regression. We shall consider a section of one of core samples.
In the core sample 156 (75 m sea depth) the mangyshlak horizon is presented by two
layers. The under layer (420- 430 cm) consists of shelly deposits with intact shells
Didacna, Dreissena, etc. According to the composition of fauna, these molluscs lived on
depths of 35-45 m. Having compared with modern depth (75 m), we receive, that during
the time of dwelling of these molluscs the sea level was 30-40 m below of modern one
(-58-68 m abs. height) (tab. 1, I, a column 2).
Above (355-420 cm) there is a layer of shelly detritus. Its formation, obviously, needed
even deeper decrease in level at which this part of a bottom has appeared in a zone of
active wave influence. Data about distribution of similar detritial sediments among modern
deposits show, that the zone of formation of shelly detritus ("breaked shells") is at the
depth 18-29 m [3, p. 133]. Comparing these data with depth of the sea in the site of taking
of core sample 156 (75 m), we find out, that the mangyshlak basin level during formation
of the shelly detritus layer was by 46-57 m below of the modern Caspian sea level, that is
–74-85 m abs. height (tab. 1, II, a column 2).
.
The similar data received from a number of other core samples are shown in table 1.
Unlike core sample №156 different composition of fauna of the molluscs living in different
bathymetric zones are found out in each of them. Paleolevel of mangyshlak sea for period
of mollusc living is calculated for each core sample (tab. 1, I, columns 2-5). The average
values (column 6) are calculated basing on these data. Position of a level during formation
of shelly detritus (tab. 1, II) is similarly estimated.
So, having investigated sediments of east shelf, we have received a number of approximate
estimations of the mangyshlak sea level position. Two groups of estimations connected
with two different phases of level were outlined. The first group is based on representations
about depths of dwelling of molluscs, whose shells are found out in core samples (tab. 1, I,
columns 2,3,4,5). Average data (column 6) specify, that the level could have been by 34-49
m below modern one, or on -62-77 m abs. height. We shall designate this position of a
level as «70-meter phase».
The second group of estimations is based on data about bathymetrical range of distribution
of shelly detritus. These estimations (tab. 1, II) specify, that the level of mangyshlak sea
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could be by 59-70 m below modern level, that is -87-98 m abs. height. We shall designate
this position of a level as «90-meter phase».
Table 1. Paleolevels of mangyshlak regressive epoch phases

Core Samples

Average values
of paleolevels
On the basis On the basis
of mollusc
of shelly
fauna
detritus
6
7

№156

№54

№4/86

№5/86

2
75
-103

3
135
-163

4
100
-128

5
90
-118

35-45

70-100

50-60

50-60

-30-40

-35-65

-40-50

-30-40

-34-49

-58-68

-63-93

-68-78

-58-68

-62-77

18-29

18-29

18-29

Position of paleolevel
(m):
- from the modern -46-57
Caspian sea level
- in abs. height
-74-85

-71-82

-61-72

-59-70

-99-110

-89-100

-87-98

1
Sea Depth (m)
Abs. mark of bottom
(m)
I
Zone of depths of
mollusc dwelling (m)
Position of paleolevel
(m):
- from the modern
Caspian sea level
- in abs. height
II
Zone of depths of
shelly detritus
formation (m)

During 70-meter phase biocenose with prevalence of those or other kinds of molluscs were
spread on a surface of the bottom in a zone of a capture of the considered core samples.
Later the following, maximal phase of regression (90-meter) took place. The considered
area of bottom has got in the zone of wave influence, and shelly material, which was
generated earlier, has been partially reworked into shelly detritus. The core sample №156
contains an intact layer with whole shells (interval of 420-430 cm) and a layer of the
broken shells, replacing it up the sequense (an interval of 355-420 cm).
Let's consider the problem on age of mangyshlak epoch. J.A.Karpychev (Water Problems
Institute of Russian Academy of Sciences) received a few radiocarbon datings of
mangyshlak sediments from the eastern shelf [8]. They vary considerably – from 9,3 up to
13,8 thousand years, but their fluctuation develops in an appropriate picture. There is
precise dependence of the measured age from depths of the sea in places of taking of core
samles (table 2).
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Table 2. Comparison of the measured radiocarbon age of the mangyshlak sediments with depth of the sea
during their formation (* the average of 3 definitions, ** the average of 4 definitions)

Core Samples
Modern depth of the sea
Depth of the sea during the maximal
phase of regression at a level
-87-98 m аbs. height
Radiocarbon age

5/86
90 m

4/86
100 m

10/86
105 m

20-31 m

30-41 m

35-46 m

13,4 thousand
years*

11,4 thousand
years **

9,3 thousand
years

From three considered sites of a bottom the greatest depth and, hence, the quietest
conditions were observed on a site where the core sample №10/86 has been lifted. Here,
we do not see noticeable traces of a wave processing of shelly materials because of the
absence of the rounded detritus, also there are no traces of a washout on the borders of the
layers. Apparently, the role of the redeposition of the sediments is minimal here.
Transiting to more shallow sites of the bottom where cores №4/86 and №5/86 have been
taken, the intensity of a wave influence on a bottom increases with the reduction of the sea
depth. The quantity of the shelly detritus grows in sediments, the degree of its rounding
also raises. Sharp, rough contacts testifying the deposition with erosion appear between the
layers. Therefore, the opportunity of a partial washout and redeposition of materials from
more ancient underlaying sediments into the mangyshlak layers grows. The greatest
intensity of these processes should be observed on the most shallow site – in a place of a
seizure of a core sample №5/86 with the depth of the mangyshlak basin of about 20-31 m.
The processes – washout and redeposition – which role naturally increases from one core
sample to another with the reduction of the sea depth in the points of their taking, are the
reason of discrepancy of radiocarbon age of the mangyshlak sediments measured on the
basis of the different cores.
Thus, the closest to the true age of the mangyshlak regressive epoch appears the dating of
9,3 thousand years certained by the shelly materials of a core №10/86 taken on the greatest
depth – 105 m of the modern sea, of the 35-46 m of the mangyshlak reservoir. At the
description of this core, the visible traces of washout and redeposition of sediments is not
noted.
It is important to emphasize that the most authentic dating of 9,3 thousand years certained
by the shelly materials concerns to the period of a life of those molluscs which shells are
met in the bottom sediments. Therefore this dating characterizes just one, the second phase
of mangyshlak epoch considered above, when a sea level was about –70 m abs. height and
the sea bottom was inhabited by mollusks from the biocenose mentioned above. Other
phases – 50-meter and 90-meter (maximal) – accordingly more ancient and younger of 70meter phase, remaining within enough limited interval of time – between 8,5 and 10
thousand years ago. The limits of these borders are defined by the age of the stages of the
late khvalynian transgression [11] adjoining to the mangyshlak epoch - on the one hand
and of the stages of the neocaspian transgression on the other hand [10].
So, the considered materials allow to speak, at least, about three phases of the mangyshlak
regressive epoch. The most ancient of them, of about 10 thousand years is the 50-meter
phase. The second is the 70-meter phase with a possible position of the paleolevel within
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the interval of -62-77 m abs. height. It is that phase to which the radiocarbon dating of 9,3
thousand years concerns. The third is the maximal (90-meter) phase, with the possible
limits of the paleolevel position within the interval of -87-98 m abs. height. It is the
youngest among the established mangyshlak phases with the age of about 8,5-9 thousand
years. It has been defined for the first time due to our data [8].
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MODELLING THERMODYNAMIC PROPERTIES OF ARAL WATER IN A
WIDE RANGE OF SALINITY
S.I. Prokopiev
Institute for Water and Environmental Problems SB RAS,
2 Morskoj ln, 630090 Novosibirsk, Russian Federation s.pk@mail.ru
Throughout the last decades, a continuous trend to reducing volume of Aral Lake is
observed. It is caused by permanent water imbalance as the evaporation exceeds the
water inflow. Since the total amount of salts remains almost unchanged, the trend
results in steadily increasing salinity of water.
Some of the key parameters of hydrological models are freezing point and evaporation
heat, thermodynamic activity of water, its density and heat capacity. All of these
properties are functions of overall concentration of salts dissolved in water, which is
also known as salinity. It should mention that the theoretical and empirical dependences
used nowadays were developed on the base of experimental data for waters of Aral
Lake before 60s of the last century. So, the used analytical formulae are reliable, in
principle, only for low mineralised water with the upper limit near 40 g/l. However,
today the average mineralization of Aral water exceeds 80 g/l and grows higher. Thus,
the use of old formulae may result in some errors of calculation. The present study is
devoted to the comparative analysis whether the standardised equations and
assumptions can be extrapolated into the region of higher salinity and to find the limits
of their use.
As the standard dependence on salinity we took the wide-used "international equations
of state of sea water (1980)" provided elsewhere. For the comparison we used either
more precise models of mineralised water thermodynamics or the respective
experimental reference data. The range of salinity taken for the study was from 0 to
300‰. The ratio between ionic components was assumed to be constant, with the
precipitation of calcium salts due to their low solubility was being neglected.
For the calculation of the freezing point of salt water we used the Want-Hoff equation:
T = T0 – γRs/(1–s),
where s is salinity, cryoscopic constant γ = 1.86°C, T0 is the freezing point of pure
water, the parameter R characterizes the ionic composition (for contemporary state of
Aral water we calculated the value R = 0.506). The comparison with T values obtained
from the standard international equation shows that at salinity in the range 0–100‰ (s =
0.1) the difference in temperature of freezing is less than 0.2°, but at 300‰ the
deviation grows up to 3°.
Heat capacity of mineralised water is found to be described quite good by the standard
international equation in all the range of possible salinity, with the error less than 3%.
The influence of ionic concentration on the evaporation heat H is slight, and so this
value is usually considered as a function of only temperature because its dependence on
salinity is neglected. Nevertheless, it should keep in mind that the value of H increases
with the concentration and at salinity 300‰ this neglect gives the error about 5%.
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Thermodynamic activity of water aw in brine, which is related to the relative humidity
at equilibrium, is strongly affected by the ionic composition and salinity. We used the
thermodynamic model by Pitzer for the precise calculation of the activity, and the
reduced form of Raoul's law for the humidity over diluted solution:
1/aw(s) = 1 + Rs/(1–s).
It turns out that the last equation can be used for aw calculation only at low salinity. So,
at 150‰ the error reaches 5%, while at 300‰ it exceeds 35%.
Density of brine at high values of salinity was calculated as the weighted average of the
reference densities of solutions of pure salts contained in Aral water. The calculated
density with the standard international equation in the range of temperature 0–42°C and
salinity 0–40‰ is not higher than 0.4%. Nevertheless, at salinity higher 80‰ the
standard equation gives underestimated density values by 50 g/l (i.e. 5%), and the error
grows in a crucial manner with salinity.
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EXPRERIENCE OF APPLICATION OF BULK AND ONE-DIMENSIONAL
VERTICAL MODELS TO DESCRIPTION OF HYDROLOGIC REGIME OF THE
WEST PART OF ARAL SEA
A.N. Semchukov, T.E. Ovchinnikova
Institute for Water and Environmental Problems, 630090 Novosibirsk, Morskoy ave., 2
sasha@ad-sbras.nsc.ru teo@ad-sbras.nsc.ru
INTRODUCTION

For prediction of level and salt conditions of the west deepest part of the Aral Sea we used
two models of different dimension. First of them is the bulk model based on integral
equations of water, salt and thermal balance. It is able to describe most basic hydrologic
processes in a water body and give initial estimation of water level, ice thickness and mean
characteristics (mean temperature and salinity) change. One dimensional vertical model
allows describing water body stratification conditioned by temperature and salt vertical
non-uniformity.
While using simplified models we must understand how much they can distort processes
having place in water bodies. Particularly, for calculation of heat exchange through water
surface and evaporation surface water temperature is used. It must lead to divergence of
results obtained by two mentioned models, because in the bulk model that temperature is
supposed equal to mean water temperature, while in one dimensional vertical model the
actual value is used. The quantitative assessment of this divergence under long term
simulations is the subject of interest.
NUMERICAL EXPERIMENTS

In this work the comparison of water level, heat and salt conditions of the west part of the
Aral Sea obtained by both models for conditional year and a half long period with intensive
Amu Darya water inflow in spring-summer period is given. The initial water level, 26 m,
was chosen to avoid water level exceeding the level of threshold between west and east
parts of the Sea. The constant by depth initial salinity, 140 g/l, was found from salt balance
ratio. The initial temperature value was chosen in the following way: a series of long term
simulations by both models had shown that by January 1 the homothermy took place and
mean water temperature obtained by both models was about -2.5 ºC. So the initial
momentum of time, 0 hours January 1, and uniform by depth initial temperature, -2.5 ºC,
were chosen. In all simulations the climatic data were used.
Here we will discuss basic water body parameters obtained by bulk and one dimensional
models. First of all we will discuss two parameters: heat flux through water surface and
effective evaporation, because they determine water level, temperature and salinity
dynamics under absence of inflow.
Heat flux in both cases was simulated by the same model of heat exchange, taking into
account water surface temperature, but in the bulk model mean water temperature was used
instead of it. At the beginning of simulation the homothermy took place, so in the initial
period the dynamics of mean basic parameters differed little. But since March till
November water surface temperature obtained by the one dimensional model differed from
mean temperature. So heat flux also differs from one obtained by the bulk model. This is
the main cause of simulation discrepancies, but not the only. Evaporation depends on water
salinity and in one dimensional model water surface salinity differs from mean salinity
(except three months long period of complete mixing). So water fluxes through water
surface by both models are also different.
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Fig. 1. Dynamics of heat flux through water surface obtained by two models. Solid line – one dimensional
model; dotted line – bulk model.

Fig. 2. Dynamics of effective evaporation obtained by two models. Solid line – one dimensional model;
dotted line – bulk model.

Fig. 3. Dynamics of mean water temperature obtained by two models and water surface temperature obtained
by one dimensional model. 1 – mean water temperature by one dimensional model; 2 – water surface
temperature by one dimensional model; 3 – temperature by bulk model.
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Fig. 4. Dynamics of water level (1, 2) and mean salinity (3, 4) by two models. Solid line – one dimensional
model; dotted line – bulk model.

At fig. 1 the dynamics of heat flux through water surface obtained by one dimensional and
bulk models is given, at fig. 2 the dynamics of effective evaporation is given. At fig. 3 the
graphs of mean water temperature obtained by both models and water surface temperature
obtained by one dimensional model are presented. All simulations display periodicity of
mentioned parameters. Fig. 4 displays water level and salinity change by both simulations.
In table 1 the numerical estimations of differences between heat flux and effective
evaporation obtained by both models are given.
Table 1. Differences between values of basic parameters obtained by two models.
Heat flux
Mean
Maximal
Relative
Mean
Maximal
Relative
Mean
Maximal
Relative
Mean
Maximal
Relative

24.5 kcal/(m2·h)
113.6 kcal/(m2·h)
31 %
Effective evaporation
3.4·10-5 m/h
1.2·10-4 m/h
37 %
Mean water temperature
5.9 ºC
13.9 ºC
43 %
Water surface temperature
1.8 ºC
3.8 ºC
12 %

CONCLUSION

According to numerical experiments described above, most part of a year the water
temperature obtained by bulk model is some higher than the water surface temperature
obtained by one dimensional model. So, in first case mean intensity of evaporation is
bigger and, respectively, water level obtained by the one dimensional model by the end of
simulation is bigger (almost by 40 cm) than one obtained by the bulk model. Salinity
obtained by the one dimensional model is respectively lower than one obtained by the bulk
model. It displays importance of vertical stratification accounting for numerical simulation
of hydrophysical and hydrologic processes in water body under consideration.
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ON THE ESTIMATION OF EVAPORATION FROM THE SURFACE OF THE
CASPIAN SEA IN MODERN PERIOD.
Trubetskova M.D., Filimonova M.K.
Water Problem Institute of RAS, 119991 Moscow, Gubkin st., 3
TRUB@CASPI.RU

FILIMONOVA@CASPI.RU

INTRODUCTION

Evaporation from a water surface is the basic expenditure component of the Caspian Sea
water balance. Forecasting of evaporation is extremely important in the problem of
forecasting of the Caspian Sea level changes. Evaporation in natural conditions depends
mainly on meteorological characteristics, such as temperature of air and water, air
humidity and wind speed above water area.
DETERMINATION OF EVAPORATION FROM A WATER SURFACE

The method of direct measurement of evaporation from a sea surface does not exist.
Therefore, all the estimations of evaporation from large water areas now are based on
numerical calculations.
There are two basic approaches to calculation of evaporation from a water surface. The
first one is based on the equations of water and thermal balance in which evaporation is
considered as a residual term, and the other terms of the equation are determined from
observations or by theoretical calculations. The second approach to calculation of
evaporation is the so-called diffusion method which is the application of empirical and

semi empirical formulas, most of them using Dalton law . E = A( e s − e ) , where e s - is
maximum water vapor pressure at the temperature of the evaporating surface; e - is water
vapor pressure at some height in the air; A - is coefficient of proportionality. Dalton
scheme do not consider dependence of evaporation on wind speed and to turbulence
created by it, evaporation is supposed purely diffusive.
Empirical formulas consider these factors and some other ones in different ways in
coefficient A , and this is the main difference between them. The most simple of them
consider only influence of a wind or air temperatures, more complex ones include
characteristics of aerodynamic surfaces, atmosphere turbulence, vertical profiles of wind
and humidity, temperature stratification of the atmosphere. The calculation of evaporation
from the Caspian Sea carried out by different authors by means of formulas showed values
of 911 - 1040 mm.
However, one of the basic problems for today consists in that how to obtain the reliable
data of meteorological observation necessary for calculations. Because of the huge size of
the Caspian Sea observation data at coastal stations is not acceptable for calculations in
internal areas of the sea (is not representative). Difficulties arise recently because of
essential reduction of the monitoring network since 1985. It is practically impossible to
find the information on humidity. Meteorological information from the southern part of
Caspian Sea (the Iranian coast) is absent. Ship observations are not stable, as they depend
on ship routes.
Thus, it is necessary to search for other sources of the meteorological information.
METEOROLOGICAL DATA FROM REANALYSIS.

As an alternative source of information, we used array NCEP/NCAR from Internet [5]. It
has been developed in Climatic Diagnostic Center NOAA-CIRES in the USA on the basis
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of the observation during the period from 1948 to present time. It contains the
reconstructed data of meteorological characteristics for the whole surface of the Earth for
the period from 1948 to 2002. The basic advantage of such kind of data is the uniform
coverage of territory.
Arrays of monthly average values of air temperature, water surface temperature, wind
speed, atmospheric pressure and specific humidity (water vapor pressure was calculated by
them) were used.
As the array has been developed for the whole surface of the Earth, the step of a grid
appeared too large for our purposes (the grid step of data file of atmospheric pressure is
equal to 2.5 degrees, the one of other characteristics equals to 1.875 degrees latitude and
1.9 degrees longitude). Reallocation of the data to denser grid with 30 minutes step has
been carried out using bilinear interpolation method. To compare the data of reanalysis
with the available observation data, we used ship observations and those on coastal
meteorological stations and on island stations, with meteorological conditions possible to
be considered close to marine ones.
Makhachkala

Tiuleniy

Air
Temperature
at a height of
2m

Wind Speed
At a height
of
10 m

Fig. 1. Comparison of annual values according to measurements at stations (square) and according to
reanalysis (circle). Stations Makhachkala (a, c) and Tiuleniy (b, d). Temperature of air at a height of 2 (and
and) and wind speed at height of 10 m (in and).

Fig.1 represents average annual values of air temperature and wind speed received from
direct measurements and from reanalysis for the Makhachkala station (a, b) and the
Tiuleniy Island station(c, d). One can see that for Makhachkala (a, b) values of temperature
have a divergence of 2 - 4 degrees; values of wind speed have that of 0.5 - 1.5 m/s. This
can be explained by sharper change of meteorological elements on the border of land and
sea where coastal stations are just located, this change being difficult to be considered
calculating reanalysis data. Comparison of graphics shows, that values from reanalysis
appear underestimated.
Tiuleniy is a flat small island in Northern Caspian. It is possible to approximately consider
it as an observation point in the sea. Here the coincidence of data from reanalysis and that
from observations is good.
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FORMULAS FOR CALCULATION OF EVAPORATION

As the data of reanalysis differs from that of direct measurements, especially concerning
wind speed, empirical coefficients in formulas can give appreciable deviations at
calculations using the data from reanalysis. Therefore, for calculations 4 semi empirical
formulas were tested.
1. Formula of Samoilenko [6]. It takes into consideration atmospheric turbulence.
2. Goptariev’s formula [2], that takes into consideration not only turbulence but also
temperature stratification influence on the intensity of heat exchange.
3. The formula of State Hydrological Institute (SHI), where neither atmospheric
turbulence, nor temperature stratification are taken into account explicitly [3].
4. Ivanov's formula [4] in which even wind speed is not considered. Its main advantage is
the simplicity.
Calculation of evaporation by these four formulas was carried out for each month of the
period of 1948-2002 on the basis of reanalysis data. The results are represented on fig. 2.
As the criterion for comparison of the results, the values of evaporation received by a
method of water balance was used in the assumption that changes of a sea level
correspond to the difference between receipt and expenditure parts of water balance.
Values of precipitation were taken from reanalysis, other components of water balance
were taken from [1].
Fig. 2. Annual
sums
of
evaporation from
the Caspian Sea
(not taking into
account
Kara
Bogas
Gol),
calculated
by
formulas: of SHI
(asterisk),
of
Goptariev
(rhombus),
of
Ivanov (square), of
Samoilenko
(triangle) and by
method of water
balance (circle).

On fig. 2 it is well seen, that the curves of evaporation received by calculations under
formulas Samoilenko, Goptariev and SHI, are similar. It is quite natural, because all these
formulas include the product of humidity deficit on wind speed. The form of the
evaporation curve calculated by the formula of Ivanov which does not include wind speed
differs from three others.
The values of evaporation calculated by formulas of Goptariev and SHI appeared
considerably higher than those received by the method of water balance. Results of
calculations by Samoilenko formula well coincides with the results of water balance
method, except for the period 1964 - 1966. During this period, Samoilenko method (as well
as methods of SHI and Goptariev) gives sharp peak of evaporation while the method of
water balance gives nothing of such a kind (Fig. 2).
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The reasons for this can be found analyzing the curve of wind speed taken from reanalysis
on which the peak in the same interval of time is observed. This peak of wind speed is the
most sharply expressed during the warm period when evaporation is maximal and its
contribution to the annual sum makes about 75 %. However, data of measurements (ship
and coastal meteorological stations) do not show any peak in wind speed in 1964 - 1966.
Therefore, there is an assumption of a possible error in the data array of wind speed in
reanalysis for 1964 - 1966. The curve of the evaporation calculated by the formula of
Ivanov which does not include wind speed has no similar peak (fig. 2).
RESULTS OF CALCULATIONS OF EVAPORATION.

Finally, for calculations of evaporation formula of Samoilenko was chosen because wind
speed is necessary to be considered in calculations. Influence of temperature stratification
on evaporation values in calculations under this formula is neglected. In [2] it is noted,
that neglect of temperature stratification leads to overestimating of evaporation of the
warm period of the year and to its underestimating during the cold period. Thus, during
calculation of annual sums of evaporation these errors appear to be partly compensated.

Fig. 3.
Annual sums of
evaporation from
the Caspian Sea
(not taking into
account a gulf Kara
Bogas
Gol),
calculated
by
Samoilenko
formula.

Using the Samoilenko formula, we carried out calculation of the evaporation at first for
each month and then for each year during the period from 1948 to 2002 on the basis of
reanalysis data (Fig. 3). Average annual value of evaporation made 985 mm; this
coincides with the results received by other authors. During the period from 1949 to 1980,
evaporation was decreasing (except for the results of 1964-1966 considered defective by
us), then it was increasing till 1999. Maximal value made 1210 mm in 1949; minimal one
- 700 mm in 1981. Thus, the amplitude made 510 mm (51.7 % of the average value).
On the circular diagram (Fig. 4) distribution of average annual values of evaporation for
different months is represented. 25 % of all the annual sum of evaporation accounts for
the cold period (from November till April). Maximal sums of evaporation are observed in
July and August. On Fig. 4 (a, b) the annual trend of evaporation is presented in mm of
layer and км3 of volume. The process of evaporation in Northern Caspian reaches
maximal intensity in summer months: evaporation layer here is much more, than in
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Middle and Southern Caspian (Fig. 4). As to the volume of evaporating water, Northern
Caspian it is less due to the smaller area (Fig. 4).

Fig. 4. The circular diagram is a distribution of average annual evaporation on months. An annual trend of
evaporation in mm of layer (a) and in км3 (b) for Northern Caspian (rhombus), Middle Caspian (square) and
Southern Caspian (circle).

Fig. 5. Maps of the average annual sums of evaporation from the Caspian Sea surface in mm of a layer
received by Samoilenko formula for January (a), April (b), July (c), October (d) and for a year (e)

On Fig. 5 one can see that during a year, maximal evaporation is observed at the eastern
coast of the Caspian Sea; and it decreases to the west. Minimal values are observed in the
southwest of Southern Caspian and in the West of Middle Caspian. In January maximal
evaporation is observed in the southeast of Southern Caspian. In April maximal
evaporation is characteristic for the entire eastern coast. In July the greatest volumes of
evaporation are characteristic for the eastern part of Southern Caspian, in October this
maximum is observed to the north: in the northeast of Southern Caspian.
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MODELLING OF HYDROLOGICAL AND HYDROPHYSICAL PROCESSES IN
THE WESTERN PART OF ARAL SEA
O.F. Vasiliev, T.E. Ovchinnikova, A.N. Semchukov, S.I. Prokopiev, K.V. Ievlev,
E.A. Korobkina
Institute for Water and Environmental Problems, 630090 Novosibirsk, Morskoy pr. 2
INTRODUCTION

The present work gives the results of mathematical modeling of salt and thermal regimes,
and water level change in the western part of Aral Sea after stopping water inflow from its
eastern part due to critically low level. In particular, the possible shrinkage of the western
part is studied. Main calculations are conducted for two versions of water management
proposed by Interstate Coordination Water Commission (ICWC) to stabilize the level and
salt regime. The first version implies that the inflow from Amu-Darya is restricted so that
the water level is always held below the pass sill between the western and eastern parts of
the lake. In the second version the water overflow to the eastern part is allowed that makes
possible for salt water to wash out from the western part due to new-made transit stream.
The aim of calculation is a set of forecasts including level, salt, and thermal regime in
western part of Aral Sea that would come if each water management scenario from the
abovementioned versions would be accomplished. The estimation of duration of
transitional period needed for the stabilization, as well as for environmental aspects is
considered. Inter-seasonal dynamics of vertical distribution of salinity and temperature is
also analyzed. The study is supported by the project INTAS-01-0511.
MODELLING METHODS AND USED MODELS

The choice of a method of modelling of hydrodynamic and hydrophysical processes in
deep stratified water bodies has great importance for their adequate description and for
effective solution of the settled problems. The using of complicated three-dimensional
models frequently is not optimal in such cases because those models require large
computational resources and information about object suffers of incompleteness and
uncertainty. At the same time the most important characteristics of processes under
investigation can be revealed applying more simple approximate models. The using of twodimensional, one-dimensional and bulk (zero-dimensional) models in many cases can be
effective enough even under conditions of water bodies of complicated configuration.
Two approximate models were developed for calculations of hydrophysical processes in
the deepest western part of Aral Sea. The bulk model allows to describe comparatively
simply the dynamics of the main hydrologic processes and to give primary estimation of
the speed of water volume decreasing and its mean salinity rising by the use of integral
equations of water, salt and temperature balances. The one-dimensional vertical model
well-known in limnology allows to describe vertical distributions of the salinity and the
temperature, and hence the density, i. e. the stratification. The model is related to e—ε type,
because it contains 3D hydrodynamic equations averaged along horizontal coordinates and
includes the module of turbulent mixing based on equations of kinetic energy of turbulence
and its dissipation rate. The effect of selective effluent from stratified water body is taken
into account while the zones of inflow and outflow are assumed to be vertical.
Both the models include the module of heat-and-mass transfer of water body with
atmosphere as well as the influence and dynamic behavior of ice and snow cover. The
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international equations of state of standard seawater [Mamaev O. I. Thermohaline analysis
of World Ocean waters. Leningrad: Gidrometeoizdat, 1987] were used for calculations of
water density and freezing point. The influence of salinity on water loss due to evaporation
was also accounted.
SIMULATION SCENARIOS

The scenarios of long-term simulation of changing water level and salinity of the west part
of the Aral Sera are defined by the scenarios of water supply to that water body. In this
work the period of time after separation of east and west parts of the Sea is under
consideration, thus we suppose that water exchange between those Sea parts is absent. So,
we have 12 simulation scenarios: there are three scenarios of the Amu-Darya runoff
("national vision", "saving existent tendencies", "optimistic") for each of two water
management variants providing water supply to the west part of the Sea (w/m variant 1 –
delta infrastructure according to NATO SFP 974357 project, w/m variant 2 – so-called
hypothetic variant of water supply to the west part of the Sea), and there are minimal and
maximal evaluation for each runoff scenario. Additionally the zero inflow scenario,
corresponding to existent Amu-Darya delta infrastructure is under consideration. Inflow
mineralization for corresponding scenarios is also defined.
Mean annual values of water discharge of Amu-Darya inflow to the considered water body
(per a hydrologic year which starts on October 1st) in all the scenarios was specified from
1.7 km3/yr for the worst case to 9.94 km3/yr for the best case. The climatic (long time
averaged) mean monthly meteorological data were used.
SIMULATION RESULTS

An analysis of calculations using two models have shown that at first water management
variant (infrastructure of the delta according to the project NATO SFP 974357) at the
optimistic scenario and the scenario "Saving existent tendencies" a relative level stability
may be expected. In the absence of inflow, the water level comes down monotonously to
15.77 m at the end of 15-years period according to calculations with 0D model.
For all the scenarios of second version of water management, the level grows over critical
value of 29.3 m that results in water overflow. The calculation of this case shows that water
grows from its starting level, which was chosen from 26 to 29 m, reaches the critical level
and then waves around relatively stable value of 29.5 m.
Table 1 provides the water level at the end of 15-year period after the implementation of
the first version of water management, calculated with both the models.
Table 1. Levels at the end of calculation period, m

Scenario
0D-model
1D-model

national
vision,
min
23.1
26.2

national
vision,
max
23.4
27.2

saving exist. saving exist.
tendencies, tendencies,
min
max
24.5
24.6
27.4
28.5

optimistic
scenario,
min
25.9
28.9

optimistic
scenario,
max
27.0
30.0

The water salinity in the lake is mostly due to two following factors, effective evaporation
and fresh water inflow. If the inflow stops forever, the average mineralization value in
15 years is expected to be around 279.8 g/l, according to the results obtained with 0D
model. It becomes clear from the calculations that just the fresh water inflow contributes
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the main impact to desalination of the lake, irrespectively of run-off scenario. The behavior
of salinity is in inverse relationship to the water level change. Table 2 gives the information
about salinity at the end of 15-year term of the proposed water management.
Table 2. Mineralization level at the end of calculation period, g/l

Scenario
0D-model
1D-model

national
vision,
min
170.3
131.0

national
vision,
max
167.1
121.0

saving exist. saving exist.
tendencies,
tendencies,
min
max
154.2
153.1
120.8
114.0

optimistic
scenario,
min
139.5
110.5

optimistic
scenario,
max
128.8
102.4

Calculated inter-seasonal dynamics of vertical salinity distribution shows that the uniform
salt distribution features water body in the period from November till early April, with
salinity slightly lowering. Later, till early June the surface waters contain a freshwater
being mixed with bulk till early August. Then the salinity near surface becomes somewhat
greater than in bulk that is due to reducing inflow and maximal evaporation. The maximal
difference in salinity at surface and bottom is about 2 g/l.
The main factor, which defines water temperature, is meteorological condition. For all the
simulation scenarios, the temperature regime is sufficiently the same. However, it should
mention that the increase of salinity causes a decrease of freezing point that influences the
ice forming process.
From the calculation with 1D (vertical) model it has been found that from December till
March the homothermous conditions take place, with temperature monotonously
decreasing from +2º C (December) до -7º C (March). During the next month temperature at
the bottom remains constant whereas the upper water layer is continuously warmed till
early August when its temperature reaches about 24º C, with followed cooling down.
Because of mixing the bottom water temperature is also warmed till September but only to
the limit near -1º C.
Approximately in middle November homothermous conditions set in that corresponds to
the maximum of the bottom temperature near 7º C. Therefore, the average change of
temperature is expected to be 14º C at bottom and 30º C at surface.
CONCLUSION

The simulation of the first version of water management (without overflow to the eastern
part) shows that since the start of water feed to the western part of Aral Sea according to
the "optimistic" and "saving existent tendencies" scenarios of Amu-Darya run-off one
could expect a relative stabilization of water level at 24.5–30.0 m and of mineralization in
the range 100–155 g/l in 15 years. As for the "national vision" scenario, even after 15-year
term it would most likely continue a recession of water level and salinity increase.
If the second version of water management (with possible overflow to the eastern part)
would be undertaken, the water level in the western part could be stabilized close to
altitude of the pass at the ridge between the western and eastern parts of Aral Sea (i.e.
29.5 m). Due to more intensive water feed and washout of salty water, the crucial decrease
in salinity would happen in 7–10 years since the management start. In this relation, water
temperature during winters should be a bit higher that would result in acceptable
environmental conditions in the sea.
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ARAL SEA
P. O. Zavialov
P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, 36, Nakhimovskiy
Prospect Ave., Moscow, 117997, Russia, peter@ocean.ru
1.

INTRODUCTION

The history of the Aral Sea crisis is well-known. Today, the total lake level drop since
1961 is about 23 m, the area and the volume of the lake have decreased by 75% and 90%,
respectively. In 1988-1989, the northernmost part of the Aral Sea, known as the Small Sea,
detached from the main water body. The present ecological situation in the Small Sea is
relatively favorable. In this report, we do not address this region and focus on the major,
southern part of the lake, i.e., the Large Sea, which has been exposed to negative
ecological impacts of the desiccation to a much larger extent. The Large Sea in itself has
almost separated into 2 individual basins, namely, the relatively deep (up to 43 m) western
trench, and shallow (~3 m), but broader eastern part. The 2 basins are connected through a
narrow (~2.5 km) strait. By now, salinity spans around 100 g/kg in the western basin, and
above 135 g/kg in the eastern basin. The salinity build-up was accompanied by massive
precipitation of calcium and magnesium carbonates and then gypsum. This has led to
significant changes in the ionic salt composition of the remaining water mass. Very few
biological species proved able to survive the extreme salinization.
The degradation of the Aral Sea has resulted in significant deterioration of the social,
economic, and ecological conditions in the region. But the importance of studying the
ecological changes of the lake is not limited to these applied, regional aspects. In fact, the
today’s Aral Sea is “pedagogically” an extreme natural model of a response of a large
inland water body on anthropogenic interventions through diverting river runoff. Similar
impacts, although manifested in less dramatic forms, are also characteristic for many other
inland seas, lakes or aquifers all over the World. This is why the Aral problem has long
attracted increasing attention from the international scientific community. On the other
hand, most works published after early 1990s – i.e., during the period of the most profound
changes of the ecosystem - were confined to either modeling or remote sensing, while the
field observations in the lake were greatly reduced because of the well-known political and
economic troubles following the disintegration of the USSR. In addition, navigation in the
Aral Sea had ceased, and the shoreline had gone far away from roads and all infrastructure,
which led to significant logistic difficulties in organizing field work. As a result, at the
beginning of the millennium, many basic characteristics of the rapidly changing Aral Sea
environment turned out to be practically unknown.
In 2002, Shirshov Institute of Oceanology has launched a long-term program of field
monitoring of the Aral Sea. This work is done in close collaboration with the
Hydrometeorological Centre of Russia and a number of scientific organizations of
Uzbekistan and Kazakhstan.
2.

DATA AND RESULTS

A brief summary of the field work accomplished to date of this writing is given in Table 1.
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Table 1:

Surveys realized to date and types of measurements

EXPEDI WHEN WHERE HYDROGRAPHY
CHEMISTRY
METEOROLOGY
BIOLOGY
-TION
CTD Velocity
Ion
Dissolved Meteo
Balloon Benthos Plankton
composit. gases
station launches
1
Nov
west
+
+
+
+
2002
2
Oct
west
+
+
+
+
+
+
+
2003
3
Apr
west
+
+
+
2004
4(1)
Aug
west
+
+
+
+
+
+
2004
4(2)
Aug
strait
+
+
+
2004
5(1)
Oct
west
+
+
+
+
+
+
2005
5(2)
Oct
strait
+
+
+
+
+
+
2005
5(3)
Oct
east
+
+
+
+
2005
6
Mar
west
+
+
2006

Examples of vertical profiles of temperature and salinity in the western part of the lake,
typical for the period from November 2002 through March 2006, are shown in Fig. 1. We
note the continuing growth of salinity in the western basin, where the surface values have
increased from 82 g/kg in the fall of 2002 to about 99 g/kg in the early spring of 2006. On
the other hand, the lake surface level has dropped only insignificantly (about 50 cm) during
the same period. Therefore, the progressive salinization of the western basin must be
mainly due to the water exchanges with the saltier, shallow eastern basin, rather than
because of the lake volume contraction. Meanwhile, for the same reason, the salinity of the
eastern basin gradually decreases. Upon entering the western part of the Aral Sea,
relatively dense waters of the eastern basin sink along the northern slope of the trench until
they eventually reach their isopicnal level in the near-bottom layer. This situation results in
enhanced haline and, therefore, density stratification of the western basin (Fig. 2). In 20022003, the typical difference between the bottom and upper layer salinity values was as
large as up to 12 g/kg (which corresponds to the density difference of 9-10 kg/m3) across
the halocline whose thickness was about 20 m. From the standpoint of the classical
oceanography, such vertical gradients of density are extremely high. This factor largely
damps vertical mixing and greatly reduces any exchanges between the bulk of the water
column and the atmosphere. One illustrative consequence is the temperature inversions
seen in many autumn profiles (Fig. 1). But the most striking manifestation of the lack of
vertical exchanges is the anoxic conditions and hydrogen sulfate contamination in the
bottom layer.
Before the crisis onset and also during the desiccation up to the 1990s, the Aral Sea was
always well-mixed and fully ventilated. The discovery of the newly formed vertical
stratification and a spectrum of related phenomena is, perhaps, the most important finding
of the field monitoring program. It must be said, however, that neither stable haline
stratification nor anoxic conditions were observed in spring and summer of 2004. This may
be a consequence of deep haline convection accompanying the ice formation in the winter
2003-2004. Therefore, the stratification and the anoxia are intermittent rather than
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permanent phenomena, and their variability should be associated with the wind-controlled
variability of the inter-basin water exchanges through the strait, and also, likely, the
severity of winters.

Fig. 1: Examples of vertical profiles of temperature and salinity in the deep western basin of the Aral Sea

Fig. 2: Zonal vertical sections of temperature and salinity through the western basin in October 2005.
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To investigate the mechanisms of the inter-basin water exchanges, we have deployed
mooring stations equipped with current meters and tidal gauges in 2003 and 2005. In
October, 2005, one of the stations was installed at the western entrance to the strait, and the
other one at the eastern extremity of the strait. The wind stress and other meteorological
parameters were continuously registered by a portable meteorological station. The
observations were made during about 75 hours, under the conditions of moderate easterly
winds. The bulk current in the strait was westward at up to 50 cm/s, well correlated with
the wind stress with the phase delay of about 5 hours. Over the period of the
measurements, at least 0.5 km3 of water has been transferred from the eastern basin into the
western trench. In consequence, the lake surface level at the western edge of the strait has
increased by about 40 cm over this period. This must have led to an onset of the
compensating barotropic pressure gradient in the bottom layer of the strait. It is this
barotropic mechanism that is responsible for equilibrating the inter-basin water exchanges
in the case of mainly unidirectional wind forcing.
The measurements of the thermohaline structure in the eastern basin, which is technically
difficult to access, were first done in 2005 at a zonal section between the eastern extremity
of the strait and the former Barsakelmes Island. These observations have demonstrated
that, despite being very shallow and subject to strong wind mixing, the eastern basin was
stratified – at the moment of the measurement, the vertical changes of the salinity were
from 129 g/kg at the surface to 134 g/kg at the bottom (Fig. 3).

Fig. 3: Zonal vertical sections of salinity and temperature across the eastern basin in October 2005.

102

Extreme hydrological events in Aral and Caspian sea region
The proceedings of International Scientific Conference Moscow, 19-20 October 2006

4. CONCLUSION

The ecological crisis of the Aral Sea has resulted in a profound alteration of all components
of its ecosystem. The very physical state of the water body has drastically changed: once
brackish, well-mixed, and fully ventilated, the today’s lake is hyperhaline, strongly
stratified, and plagued with anoxia and sulfate contamination. Analyzing the water budget
of the Aral Sea, one arrives at the conclusion that the lake is generally close to the
equilibrium state, and if the residual river and groundwater discharges retain their values
characteristic for the recent period, the stabilization of the surface level and salinity is a
matter of the nearest future. However, even in this case, the salinity of the western basin
will continue to grow for some time because of the water exchanges with the saltier eastern
basin, until the salinities in the both basins become equal. Afterwards, a relaxation of the
lake stratification should be expected, because the principal mechanism generating it, i.e.,
the inflow of denser eastern basin water into the bottom layer of the western basin, will be
no longer active.
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