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i The Caspian Sea presents the world’s largest i i
Tne casl“an sea isolated water reservoir (Fig. 1), with only an svnon“c nvnam“: Tonngranl‘v
isolation being its significant dissimilarity from = e % 3 L. ‘LL;" EE EE
Dynamic topography fields were used to analyze the spatial and temporal

the open seas. The other features of the Caspian g/ g Wi ¢
Sea including its size, depth, chemical properties, variability of the general dynamics in the Caspian Sea. They were constructed

peculiarities of the thermohaline structure and on the basis of the superposition of the sea level anomalies distribution over 9 e
water circulation enable to classify it as a deep the climatic dynamic topography (Fig. 8). - d ﬁ - K?
inland sea. Currently its level is at — 27 m The sea level anomalies were calculated on the base of GCRAS12 Mean Sea L)
measured against the World Sea Level. The sea 4 'SuifacJe of the Caspian .Sea The climatic dynamlc tUI’OnghY (or M ﬁ\\
occupies an area of 392,600 km?, with mean and I level) was d from three d cl model ] 3
maximum_ depths being 208 m and 1025 m, with free surface. Average monthly fields of temperature and salinity, climatic

respectively. The Caspian's longitudinal extent is Volga River run-off and irregular evaporation from sea surface were taken in
three times larger than its latitudinal one (1000 ‘= consideration. Also atmospheric pressure and wind fields from the regional
I model over the period from 1948 to 2012 were used. This model was

km vs. 200400 km), resulting in great variability " - 5 ©
of climatic conditions over the sea. The isolation developed in. Laboratory of Sea Applied of Hydr

of the Caspian Sea from the ocean and its inland | Research Center of Russian Federation (Fig. 8a).

position are responsible for a great importance of Verification synoptic dynamic topography fields constructed from satellite | *

the outer thermohydrodynamic factors, altimetry data conducted by other sea surface paramctu's (sea surface |
s " '

specifically, the heat and water fluxes through the of susp d matter, phyll content, and

sea surface, and river runoff for the sea level others. ), calculated according to remote sending data, which are natural tracers, 8, 80 e o climatic dmanic apograply (), clcuutd by fhe model of b m/uw,/ ofSeq Applicd
scirch of Hydromiéleorological Research Contey of Risssian Federation. (b anomalies of the Casplan Sea

variability, formation of its 3D thermohaline reflecting the features of mesoscale dynamics of water. 3 el fem) o Juty 3005, (&) — Syroptte dymanc topography (om) for July 01 ¢t

structure and water circulation.

Consider the case anomalous algal bloom Cyanobacteria Nodularia in the Iranian coast in the
Southern Caspian in 2005. It began to develop in the second decade of August and continued until
the end September and cover an area of 20 000 km?2. The anomalous algal blooms have been reported

ding to the sp di MODIS of satellite Aqua on August 12 and peaked September 1,
2005 (Fig. 9a-b). Analysis of satellite images the same season in the previous 5 years, did not
confirm the presence of algal blooms this scale existed ever before.

Analysis of chlorophyll ion maps and upwelling radiation of sea water (wavelength 412
nm) of 1 Seplember 2005, the spectroradiometer MODIS data of satellite Aqua shows the preseme
of a strong anticyclonic eddy in the Southern Caspian, whose center has the coordinates 50°28° E
and 38°09° N. This eddy is observed in the monthly synoptic dynamic topography field based on
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Fig. 1. Map of the Caspian. E]

Over the past half-century, there was a
regression of the Caspian Sea until 1977
when the sea level lowered to —29 m
(Fig. 2). This drop is considered to be
the deepest for the last 400 years. In N S Y N
1978 the water level started to rise o e w0 w0 w0 o w0 o e
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{ﬁpldlj,2’7and nOIW lll h?rsh x l;xear 3 - 7 altimetric measurements of Jason—1 satellite in August 2005. However, the shape of the eddy from
the, =</ m level CECHRAS R oeCTy Fig. 2. lnfgannua/ Yariarions of the CasplinSGHIEE /7 5 \ these data smoother than with maps, calculated by spectroradiometer MODIS data. This fact can be
increasing concern over the Caspian Sea meastred bysca ieveligate A e TERRES 3 1

level fl 5 Esti d altimetry (red line) since 1837 till 2015 3 explained by the spatial resolution of the data. For the chlorophyll concentration and the upwelling
evel fluctuations.  Estimates  provide ol f 3 | | radiation of sea water (wavelength 412 nm), calculated by the spectroradi MODIS data have

support for the view of these fluctuations

as climatically conditioned and show

their intimate connection with |

components of the Caspian water

budget, especially Volga River run-off.
Between October 1992 and May 1995

the Caspian Sea level was still rising at a

rate of +20.27 cm/yr. In June 1995, the

the spatial resolution of 250 m, and monthly synoptic dynamic topography field — 0,125° or 12.5 km.

Thus it is shown that the field of synoptic dynamic topography fields calculated by altimetric
measurements according to the algorithm well reflect the feature of the mesoscale dynamics of the
Caspian Sea.
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sea level started to drop abruptly and a i T — . Analysis of monthly dynamic hy fields
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sea level drop was ~7.22 cm/yr. From 1 o E =5 (& Wﬂt;nzwn /wvelengrh of 412 N =
December 2001 until July 2005 the Atthepresen ime he s level rte i BN & e . . oo of oycone
E’{\(S)p‘;;ncsme/a rlevel rose at a Mean falc o 3 decreasing at —10.33 cm/yr. on March A Gl circulation in the center. In the Middle Caspian
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R/ Usmﬁ ly mean sea surface height (MSS) models are calculated by avera 1@ of Apsheron Threshold anticyclonic

measures over a given region and over a given time period. However, L in the case ussece: d. Cyclonic gyre in the center the
Sea this s represents a certain challenge. —osuns also declined in comparison with

'\ First] y, it is storm surges, which depend on wind field and local phys ogeograpm

. conditions. The highest onsets are characteristic of the shallow-water North Caspian, where, i
« extreme cases, surges can reach heights of 3-4 m.

Secondly, there is the issue of sea ice. On the North Caspian ice formation begins in the *
middle of November and starts to decay in March in moderate winters. On average, the
duration of the ice period is 120-140 days in the eastern part of the Northern Casplan and 80—
90 days or less in the western part. On the eastern coast of the Middle Caspian, ice formation is
possible in severe winters.
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N, circulation o ca is close to the Fig. 10. The seasonal dynamic topography of the Caspian Sea (cm) in February
> i, August and sed on altimetric measurements
Fourthly s ofsca [cvel (that arc ahout’s mifon i logil ! TOPER s fason 12 St sinee Jamgrs 159 Beeember

e?192%1977 and about 2.5 m for 1977-1995) here are sumﬁl{nes 2012. The shading shows the area of ice in mild winters.
much higher than seasonal ones (that are about 30 cm). 2 .

3 Existing MSS models essentially differ according to the used - @ | ‘.’

information or temporal averaging interval (Fig. 4). E . A iy -

Variation along 092 tracks for the time interval 1993-2008 after |- el ) The Interannual Variability of Geostrophic Current Velocities and Vorticity
filtration of the sea level synoptic and seasonal variability showed /A _ ~
on Fig 6. It is apparent, that a sea surface heigth (SSH) maximum
for the period from September 1992 to June 2004 at latitude 43.5°N
corresponds to the Caspian Sea level maximum observable in the
' summer of 1995.

Between 43°N and the boundary of the Northern and Middle
Caspian Sea strong modification of SHH gradient along a 092 track .
is observed in spatial position isoline at —35.5 m (Fig. 6b). This "
SSH response is explicable due to this area depth changing from 10 |
to 50 m. Gravity anomaly increases from 11.4 to 22.6 mGal and |
also the gravity anomaly gradient along the track has maximum * ‘;_
0.27 mGal /km (Fig. 6¢). At latitude 39.8°N SSH minimum vanish - |
from 1994 to 1997, and then reappears. It is readily visible in the =
spatial position isoline at —46 m (Fig. 6h) The position of this
minimum correlates well to about a GA minimum of —98.8 mGal
(Fig. 6c¢).
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