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Variability and renewal of Labrador Sea Water in the Irminger
Basin in 1991-2004

abrador Sea ater ( S ) property variations are analyzed usin the data from si hydro raph
ic sections occupied in 1 1-2004 in the southern Irmin er Basin bet een Cape are ell and
the Rey anesRid e. rom1l 1tol the S layer became steadily colder and fresher.
The decrease in salinity of the S detectedin1l 4 as caused by the local convection reach
in intothe ea lystratified layer of S advected from the abrador Sea. Another indication
of local deep convection is in the lateral distribution of dissolved 0 y en concentrations in the

S layer (1000-2000 m) obtained in 1 7 from the section across the abrador Sea and four
sectionsrunnin 100 1 and 1 O (true azimuth) from Cape are ell. A separate lateral ma i
mum of o y encontentinthe S layer is revealed in the southern Irmin er Sea the concen
trations increased from the abrador Sea eastern ed e to ard the Irmin er Sea rather than the
reverse as ould be e pected if there as no local modification of S by deep convection.
Since 1 thet o modal structure of S has been observed in the Irmin er Basin. The upper
mode of S detected in 1 as formed in situ durin the inter of 1 1 7 the upper
mode as locallyrene ed. rom1 7to 2004 the temperature and salinity si natures of the
deeper mode considerably eroded due to the lac of the rene al of the deeper S  reservoir in
the abrador Sea hile the annually rene ed upper mode on the contrary became more pro
nounced.
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Figure. ocations of the hydro raphic sections in the Irmin er Sea.



Monitoring of temperature and salinity along 60°N

It as found on the basis of the annual (1 7 2010) monitorin of temperature and salinity
over the hydro raphic section alon  0° N and application of the historical data that lon term
variations in the temperature and salinity of the deep limb of the lobal inter ocean circulation
are caused by the natural fluctuations of the atmospheric pressure over the North Atlantic (North
Atlantic Oscillation NAO). isplacement of subsurface currents and variations in the intensity
of convection caused by the variations in the pressure difference bet een the Azores Islands and
Iceland lead to the correlated fluctuations of temperature and salinity at depths from 00 1000 m
to the bottom.
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Figure. ariations in salinity (psu) of abrador Sea ater ( S ) and North Atlantic eep a
ter (NA ) in the re ions of their formation (above). ariations in the North Atlantic Oscilla
tion inde (NAO) (belo ). The lo fre uency components of variations are sho n ith the cu
bic polynomials. The lo fre uency component of the NAO is sho n usin the 7 year runnin
avera in (thin solid line) and cubic polynomial (thic line).



Transport by the Deep Western Boundary Current

Analysis of the time series of baroclinic transport by the eep estern Boundary Current

(1 2007) allo ed us to find a close correlation (ne ative) bet een the transport by the cur

rent and thic ness of the convective layer in the abrador Sea. It as found that the variations in

the transport by the eep estern Boundary Current are retarded by 1  years ith respect to

the variations in the intensity of deep convection in the abrador Sea hich a rees ith the re

sults of numerical modelin of circulation in the North Atlantic accordin to hich the Subpolar
yre responds to the variations in the convection intensity ithatimela of  years.
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Figure. Time series (1 2007) of the anomalies of eostrophic BC transport (Sv) in
the southern part of the Irmin er Sea e tended from the paper by Bacon 1 and anomalies of
the S thic ness (m) in the central part of the abrador Sea e tended from the paper by Curry

1 . Correlation bet een anomalies of the BC transport and anomalies of the S layer
thic ness if the shift bet een the time series is one year. The thic ness of the S is ahead.
Correlation bet een the BC transport and S thic ness as function of the shift bet een
the time series (years). The thic nessof the S advances.



Flows in the abyssal channels of the Atlantic Ocean

A stron flo of Antarctic Bottom ater from the Ar entine Basin to the Brazil Basin
throu h the ema Channel ( 2° 27° S) is studied on the basis of CT sections combined ith
A CP profilin carried out annually and lon term moored measurements. The flo in the
ema Channel is mi ed in the vertical direction but horizontally stratified. The mean speed of
the flo is 0 cmsand ater transport is appro imately . Sv. O in to the bottom E man
friction the dense core of the flo is usually displaced to the eastern all of the channel. A tem
perature increase as found in the deep ema Channel hich has been observed for 0 years
already.

The further flo of bottom ater in the Brazil Basin splits in the northern part of the ba
sin. Part of ater flo s to the East Atlantic basins throu h the Romanche and Chain fracture
zones. The other part is a north estern flo to the North American Basin. Part of the north es
terly flo propa ates throu hthe ema racture one (11° N) into the Northeastern Atlantic
basins.

lo sinthe Romanche Chain and ema fracture zones ere studied recently by CT
and A CP profilin . An under ater cataract as found in the Chain fracture one. Recent
measurements in the ane Gap sho that the flo of bottom ater there is characterized by al
ternative transport in time. The Northeastern Atlantic basins are filled ith the bottom ater
flo in throu hthe ema racture one. The flo sof bottom aters throu h the Romanche
and Chain fracture zones do not spread to the Northeast Atlantic due to stron mi in inthe
e uatorial zone and enhanced transformation of bottom ater properties.
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Figure. Chart of the Atlantic Ocean sho in the location of the ma or abyssal channels
mostly associated ith fracture zones



Currents in the Drake Passage and Scotia Sea

Ne results on the intensity and circulation structure in the ra e Passa e and Scotia Sea
ere obtained on the basis of systematic field measurements carried out by the Shirshov Institute
of Oceanolo y since 200 and forei n data. 1 h velocities of bottom currents (up to 4 cms)
ere found. The influence of the bottom topo raphy on the currents as revealed and ne path
ays of deep and bottom ater propa ation ere found.
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Figure. Topo raphy of the upper boundary surface of Circumpolar Bottom ater and arm

eep ater (m)inthe ra e Passa e and Scotia Sea. Re ions ith depths shallo er than 2000
m are dashed. Arro s sho the scheme of Circumpolar Bottom ater and arm eep ater
spreadin inthe re ion. Thic dashed line divides the spreadin re ionsof CB and
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Circulation in the Southwestern Part of the Kara Sea in Septem-
ber 2007

urin cruise 4 ofthe R  Akademik Mstislav Keldysh to the south estern ara Sea

(September to October 7 2007) a lar e amount of hydrophysical data ith uni ue spatial reso
lution as obtained on the basis of measurements usin different instruments. The analysis of the
data ave us the possibility to study the dynamics and hydrolo ical structure of the south estern

ara Sea basin. The main elements of the eneral circulation are the follo in the amal Cur
rent the Eastern Novaya emlya Current and the St. Anna Trou h Current. All these currents
are topo raphically controlled they flo over the bottom slopes alon the isobaths. The amal
Current be ins at the ara Gates Strait and turns to the east as part of the cyclonic circulation.
Then it turns to the north and propa ates alon the amal coast over the 100 m isobath. The
Eastern Novaya emlya Current (its core is located over the eastern slope of the Novaya emlya
Trou h) flo s to the northeast. Near the northern ed e of Novaya emlya it encounters the St.
Anna Trou h Current separates from the coast and flo s practically to the east mer in ith
the continuation of the amal Current. A stron frontal zone is formed in the re ion here the
t o currents mer e above the threshold that separates the St. Anna Trou h from the Novaya

emlya Trou hand divides the arm and saline Arctic aters from the cooler and fresher aters
of the south estern part of the ara Sea. This threshold hose depth does not e ceed 100-1 0
m is a barrier that prevents the spreadin of the Barents Sea and Arctic aters to the south es
tern part of the ara Sea basin throu h the St. Anna Trou h.

70 75
Figure. The avera e current vectors (se ments of a strai ht line) in the layer bet een1 and 4
m based on the data of the measurements ithato ed A CPalon the sections in different re
ions of the south estern part of the ara Sea and a scheme of the circulation in the upper 10 m
layer in the south estern part of the ara Sea based on the observations in September 2007. The
arro ssho the main currents. The solid line denotes the 100 m isobath.
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Strong internal tides in the Kara Gates Strait

e analyze to ed CT measurements numerical model calculations and radar ima es in
the Strait of ara Gates. The measurements ere made durin an e pedition in September 2007.
Stron internal tides propa atin from the ara Strait to the Barents Sea ere recorded. The in
ternal aves are intensified by the opposite current from the Barents Sea. An internal bore fol
lo ed by apac et of short period internal aves as found south est of the strait. Radar ima es
sho that short period internal aves are enerated after the internal bore. A hydraulic ump as
found on the eastern side of the strait. Numerical modelin a rees ith the e perimental results.
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Figure ieldofisopycnals2 . 24. 2 . and2 . perturbed by the flo in the strait and in
ternal aves based on the numerical calculations. Blac color sho s the bottom topo raphy as
specified in the model (top). istribution of temperature over the to ed section. Isotherms are
sho n ithan interval of 1°C. Thic er lines sho isotherms of 1 and 0°C to emphasize the ob
served effect. Blac color sho s the bottom profile (bottom).
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Zonality in the Kara Sea shelf

The studies in the shelf and continental slope of the ara Sea demonstrated that the inner
shelf front associated ith the estuary zone of the Ob River determines the cross shelf zonality.
It is a barrier zone that restricts the transport in the system shelf continental slope deep basin.
It also restricts the influence of the shelf ecosystem on the ecosystems of the deep Arctic basin.
A sharp chan e in the species structure of the phyto and mesoplan ton communities is asso
ciated ith the inner shelf front. A multi fold (up to 10 times reachin 12 m ) increase of the
total biomass of mesoplan ton formin a po erful frontal biolo ical filter is also related to the
inner shelf. The frontal chan e in the environment and structure of pela ic ecosystems is asso
ciated ith a sharp increase in salinity in the surface layer (from to psu) and in the bottom
layer (from 1 to 20 psu).
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Figure. Manifestation of the inner frontal zone in the mesoplan ton biomass and salinity distri
bution over the section across the shelf to the continental slope.



Research in the Black Sea

Investi ations of the spatiotemporal variability of hydrophysical parameters in the sea
over the shelf and upper part of the continental slope of the Blac Sea revealed si nificant me
soscale variability of currents that evidences the fact of intense ater e chan e in the shelf re

ion that ventilates the aters of the coastal zone and its cleanin from the natural and anthropo
enic pollution.

44 6

44.5 -
44 45

44 4 : .
379 30 8.1 8.2
Figure. orizontal currents on the shelf of the Blac Sea based on the data of to ed A CP. The
currents ere avera ed over the thic ness of the upper layer (20 m). Red lines denote the
linesof A CPto s.Blac lines are isobaths indicated ith the depths in meters.

The calculations of surface currents ere performed for the period 1 200 . They ere
compared ith the data of observations. It as found that the inetic ener y of the surface cur
rent is ma imal in the inter period. It is t ice more intense than in summer. In 2002 200 a
chan e in the circulation re ime as recorded. In 1 2002 the seasonal cycle of circulation

as not clearly pronounced and the mean level of the inetic ener y as lo er than in 200

200 . These variations are related to the re ime of lar e scale ind forcin .

Figure. Chlorophyll concentration in relative units ( reen) inetic ener y of surface currents (E
10° m s) (red) and rate of E manener y pumpin ( 10 ms) (blue).
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Wave interactions

A theory as developed that describes nonlinear interactions bet een free oceanic aves
ith ave modes trapped in narro  ave uides hich e ist in the ocean near elon ated inho
mo eneities (for e ample near coasts over steep topo raphy near the e uator etc.). Such inte
ractions provide free ener y e chan e bet een the open ocean and ave uides. espite their
practical importance they remained poorly studied until present.
Theoretical studies of frea  ave eneration ere performed. It assho n in the numerical
e periment that the probability of e treme ave eneration is related to the characteristics of
spectrum and can be reliable estimated in the terms of t o0 main dimensionless parameters ave
steepness and idth of the spectral distribution. The theoretical investi ations of the ind ave
development allo ed us to construct a self consistent scheme based on the theory of ea turbu
lence dimension theory and results of numerical modelin . It assho nthat ave ro thcan
be presented as a se uence of reference re imes hen inte ral ave momentum ener y ind
ave action play the determinin role.

Internal waves under ice

ominatin periods of short internal aves in an Arctic ford under ice ere studied in
Spitsber en. The period of these aves is estimated at a fe  minutes. These aves are enerated
due to instability of a lar e scale flo . Short period aves correspond to the aves ith a di
mensionless avenumber e ual to 0. . The spectral level of vertical fluctuations caused by inter
nal aves is determined by the ind and tide forcin s. In inter hen the ater level in the
fordis covered ithsno the ind stress is not transferred to internal oscillations and the spec
tral level of internal aves decreases.

. L . e T
0.0001 a.001 oo
Frequency, cycls

i ure. i h fre uency spectra of vertical displacements based on the moored measurements in
the ford. (1) Au ust 200 t o temperature sensors (2) March 200 one temperature sensor
under ice () March 2010 salinity sensor under ice (4) March 2010 temperature sensor under
ice () Garrett Mun spectrum in inter conditions ( ) Garrett Mun spectrum in summer con

ditions.



Satellite oceanography

A correlation

plan ton bloomin as ell as

as found bet een the

ith the turbid surface

inter sea surface temperature and intensity of sprin
ater in une in the Blac Sea. It is as
sumed that the initial cause of this correlation is intensification of

inter convection durin cold

inters hich facilitates the supply of the upper sea layer ith nutrients.
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Figure. Comparison of interannual variations in the mean values of urface temperature in eb
ruary (blue curves) chlorophyll concentration in March (left) and particle bac scatterin coeffi
cientin une (ri ht) in the eastern part of the deep ater Blac Sea.

Radar observations of

the surface

Analysis of the radar data revealed that 0 of the eddy structures detected in the radar ima es
of the Blac and Baltic seas are visualized on the basis of the slic mechanism and the remain
ave mechanism.

in 10 on the basis of the shear

Figure. Submesoscale vorticity of surface currents in the Baltic Sea (dense pac ea e of mesos
cale eddies (Envisat ASAR  SM April2 200 0 0 GMT.). Spatial resolutionis 7 m.



Mathematical modeling

An information computational system of variation data assimilation as developed. It as
sho n that a notable chan e in the calculated characteristics occurs as a result of data assimila
tion. The model values approach the observations and the solution ade uately reflects the ob
served structure of natural fields.

Tem__assimARGO _Oct 10 m
s T =™ G

80s 0 60E 120E 180 120W 60W 0

Figure. Temperature in the ocean at a level of 10 m (October). Solution of the variation assimi
lation of ARGO floats.
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Caspian Sea

Correlation bet een the hydrolo ical re ime in the Caspian Sea and lar e scale atmospheric cir
culation ere studied. The model e periments demonstrate a si nificant influence of the lon
term Atlantic oscillation on the temperature re ime over the basin of the Caspian Sea. A si ma z
version of the model as developed ith the description of the floodin and draina e processes.
Test calculations on restorin the inter annual variability of the circulation and ater level of the

Caspian Sea demonstrate the reality of the numerical solution.

Figure. Surface currents of the Caspian Sea. The drained territory from 1 4 compared ith
1 issho n.

A multidisciplinary e pedition in the Caspian Sea as or anized. The pro ram of this e
pedition included investi ations of the physical chemical sedimentolo ical and eolo ical cha
racteristics of the ater land and bottom sediments. A system of sharp fronts as detected over
the section across the mouth of the ol a River. It as sho n that stationary currents bet een
the thermocline and bottom e ist ithin the main cyclonic yre of the Middle Caspian Sea.
These currents correspond to the direction of the cyclonic yre. The currents are most intense in
the layer 100 00 m. They are intensified in the cold seasons of the year and become ea er in

arm seasons. on term observations demonstrate that the center of the cyclonic yre is much
closer to the estern coast than it as considered before.
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Global circulation model

A ne dynamic core fora  model of the orld Ocean as developed. The model is devel
oped for the system description of climate formin processes in the ran e from lar e scale to
mesoscale. Test e periments ere carried out ith aresolutionof 1 de .by1l de .by 2le
vels.

i ure. Sea level topo raphy after 4 months of the model time. Solution of the orld Ocean
model1 de byl de by 2levels.
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Laboratory modeling

Modelin of the oil spill form at the ocean surface as performed The transformation of
oil spot entrained in the eddy motion as traced. The e periments allo ed us to reproduce the
oil transformation into elon ated spirals. The transformation patterns in the natural and laborato

ry conditions are similar.

Figure. Spiral structures in ityaz Bay (Pacific Ocean). Photo (left). Spiral structure of the
uranyl solution from a compact patch in the center of eddy rotatin anticloc ise (laboratory e
periment) (ri ht).

Laboratory experiments

aboratory e periments in a setup tan filled ith salt ater on a rotatin platform con
firmed the supposition that formation of the surface fresh layer found in the summer of 2007 in
the south estern part of the ara Sea is related to the summer floodin of the Ob and enisei
rivers. This is a po erful dischar e of fresh ater ith different chemical composition and their
further mi in .

r=

180 days s
»

Figure. Interaction and mi in bet eent o fresh ater plumes in a laboratory tan (vie from
above) on a rotatin platform initially filled ith the salt ater. The fresh ater sourced (horizon
tal pipes) operate durin O laboratory days (periods of the platform rotations) and then the
fresh ater supply terminates ( O days left). The plumes (red and blue) have been formed al
ready. Their eddy structure is complicated. ue to the eddy interactions mi in occurs bet een
the plumes  hich terminate after 1 0 laboratory days.
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