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IpuBeneHbl 0600IIEHHBIE PE3YIbTAThl UCCIEIOBAHUS TTOBEPXHOCTHBIX MTPOSIBJICHUI CyOMe30MacITaOHBIX BUXPEid
B bapeHninieBoM, KapckoM u beiomM Mopsix Ha OCHOBE aHaM3a OKOJIO 3.5 ThICAY CITYTHUKOBBIX PaIMOJOKAIIMOHHBIX
n300paxkeHU B Oe3IeMHBIN ITepro 3a HECKOIBKO JieT B iepuon ¢ 2007 mo 2012 rr. JIist BBIABISHUS OOIIMX 4epT cyo-
Me30MacIiITabHO# BUXpEBOl aKTUBHOCTH Ha (hOHE MPOIIECCOB GOIbIIEro MaciuTaba MCMOIb30BaIUCh JaHHBIE TIO TEM-
neparype MOBEPXHOCTU MOPSI, TTO KOTOPBIM OLIEHUBAJIOCH MOJIOXEHUE (DPOHTATBHBIX 30H, U CBEIEHMS O MPUIMBHBIX
Mpolieccax 3a TOT Xe MePHOI.

Ha akBaTopusix ucclienyeMbIX Mopeil ObLTO 3aperuCTPUPOBAHO OKOJIO 4.5 ThICSIY CTPYKTYp. [TokasaHo, 4To cyboMe30-
MacITabHble BUXPU — PACIpOCTPaHeHHOe SIBJieHWE B JIETHUI Ce30H Ha aKBaTOPHUM ONMKMChIBaeMbIX Mopeii. Yailiie Bcero
BCTPEYAIOTCS BUXPU TUAMETPOM 2—4 KM. YCTaHOBJIEHO, YTO BO BCEX MOPSIX MpeobianaeT MMKIOHUYECKUA TUTT MPO-
SIBJICHU BUXpE, TIPU 3TOM pa3Mep aHTHIIMKIOHUYECKUX CTPYKTYP B CpelHeM Bcerma 6ojibiiie. MakcHMaabHOE YUCIIO
BUXpei HabMogaeTcs B HAYaIbHBIM Mepruo (OpMUPOBAHUS CE30HHOTO MPUITOBEPXHOCTHOTO MUKHOKIMHA. COIMmocTaB-
JIeHVEe TIOJIOKEHU I TOBEPXHOCTHBIX MPOSIBIEHUI BUXPEBBIX CTPYKTYP C MOJOXEHUAMU (GPOHTATBHBIX 30H U Tomorpadu-
eii THa 1MoKa3ajo, YTO YacTasi BCTPEYaeMOCTb MPOSIBJICHUI TPENMYIIIECTBEHHO OTMEUaeTcsl BOJIM3U U BHYTPU obJiacteit
M3MEHYUBOCTH (DPOHTAIBHBIX 30H, a TAKXE B palfOHaX CO 3HAYMTEIbHBIMU HEPOBHOCTSIMU HA. B paifoHaX MOABOAHBIX
BO3BBIIIIEHHOCTE MaKCUMaTbHOE KOJMYECTBO BUXPEBBIX CTPYKTYP (PUKCUPOBAIIOCH B TIEPUOA CU3UTUITHOTO TIPUIMBA.

KnioueBsie cioBa: cyoOMe3oMaclITaOHble BUXPU, PaIUOIOKAIIMOHHBIE N300paKeHsl, GPOHTaIbHbIE 30HBI, TPUJIUB,
Bapenueso mope, Kapckoe mope, benoe mope.

O. A. Atadzhanova', A. V. Zimin23

I Shirshov Institute of Oceanology of Russian Academy of Sciences, Moscow
2 St.-Petersburg State University, St.-Petersburg, Russia
3 Northern Water Problems Institute, Karelian Research Centre, Russian Academy of Sciences, Petrozavodsk

ANALYSIS OF THE CHARACTERISTICS OF THE SUBMESOSCALE
EDDY MANIFESTATIONS IN THE BARENTS, THE KARA
AND THE WHITE SEAS USING SATELLITE DATA

Received 23.01.2019, in final form 08.07.2019

The paper presents generalized results of a study on submesoscale eddies’ surface manifestations in the Barents, Kara,
and White Seas based on the analysis of about 3.5 thousand satellite radar images during ice-free periods for several years
from 2007 to 2012. For general features determination of submesoscale eddies’ activity against processes of larger scale, sea
surface temperature data, which allowed assessment of frontal zones position, and tidal data were used the same period.
About 4.5 thousand structures were registered in the investigated seas. It is shown that submesoscale eddies are a common
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phenomenon in the warm season in the areas of the Barents, Kara, and the White Seas. Eddy structures with a diameter
from 2 to 4 km are most often registered. It has been established that the cyclonic type of eddies’ manifestations is a
prevalent type of structures, while the size of anticyclonic structures is larger on average. The maximum number of eddies is
observed in the initial period of formation of the seasonal near-surface pycnocline. Comparison of the positions of eddies’
surface manifestations, the frontal zone positions, and the bottom topography showed that the frequent occurrence of
eddies is predominantly observed near and within the areas of the variability of the frontal zones. And also eddy structures
are registered in regions where there are significant bottom irregularities. The maximum number of eddy structures in these
regions was recorded principally during the period of a spring tide.

Keywords: submesoscale eddies, SAR-images, sea surface temperature, frontal zone, Barents Sea, Kara Sea, White Sea.

Introduction

Currently, submesoscale structures in different seas are studied arduously [1—10]. One of the principal
data sources on these structures is the analysis of long-term satellite archives, which allows identification of
where and when the manifestations of eddies are most often recorded. Studies [9, 11—13] have shown that
submesoscale processes play an essential role in the intensification of mixing, horizontal, and vertical heat
transfer.

However, available studies on separate water areas have not yet allowed the development of a general
understanding of the submesoscale eddies’ characteristics in the tidal Arctic seas (White, Barents, and Kara).

In this paper, submesoscale is defined as a short-period component of mesoscale with a spatial extent
of the order of a few kilometers and a lifetime of up to several days. In this case, mesoscale structures, according
to [14], are structures with a spatial extent from one to hundreds of kilometers and a lifetime from days to
a season. The lower boundary of mesoscale, where the submesoscale is defined, equals to the baroclinic Rossby
radius, which is determined, according to [15], for the Arctic basin in a range of one to a dozen of kilometers.

At this point, analysis of heterogeneous data for the White Sea (radar images (RI) for June—September
2009—-2012, sea surface temperature (SST) for May—September 2010, in-situ temperature and salinity
measurements for June—August 2006—2014) has showed that submesoscale eddy structures most frequently
occur in the Dvina Bay and the Basin regions in the areas of fronts and continental slope; anticyclonic
eddies are three times less frequent than cyclonic ones, but their diameters are overall larger; the average
characteristics of the eddies vary only slightly from year to year during the same months; the maximum number
of submesoscale eddies appear at the beginning of a warm season; near the Solovetsky Islands over the bottom
irregularities (banks), the submesoscale eddies occur at a particular phase of the tide, they emerge in the upper
10—20 m layer and can be traced for 3—4 hours [16—18].

In the Barents Sea June—October 2007 and 2011 satellite data of RI and SST determined that areas
of frequent eddy manifestations are frontal zones (according to 2007 data — up to 50%) and topography
irregularities in the north-west of Franz Josef Land (FJL), near the eastern shore of the West Svalbard island,
in the western part of the sea (in the area of the Atlantic waters), in the central part of the strait between
the Russian Federal Nature Reserve and Novaya Zemlya, near the Kanin Nos Peninsula, and north of the Kola
Peninsula; the most numerous manifestations emerge in July during, according to 2007 SST data, the most
intense frontal dynamics; the predominant type of eddies’ rotation is cyclonic, while the average diameter of
such eddies is smaller than that of anticyclonic [18—19].

The peculiarities of submesoscale eddies for the Kara Sea were investigated with the RI data for June —
October 2007. The data reveals that the most frequent eddies’ manifestations emerge in the area of the
Uyedineniya and Sverdrup (Pyasinsky Bay) islands, and also, near the western coast of the Yamal Peninsula,
and south of the Cape Zhelaniya. Over 90% of the eddy structures present a cyclonic rotation type, and the
average diameter of anticyclonic eddies is larger; the peak of eddies’ activity was registered in August [18].

It is anticipated that in the Barents, Kara, and White Seas, one of the principal mechanisms for the eddy
structures’ formation can be the instability of currents in the areas of frontal zones and topographic effects
resulting from flow over seamounts and depressions [13, 18, 21].

The geographical proximity of the seas, the similarities in characteristics and the spatial-temporal variability
of the eddies’ distribution, as well as possible mechanisms for their formation, formed the hypothesis basis:
eddies’ manifestation distribution generations have similar features in the tidal Arctic seas in focus. This
hypothesis can be verified by a joint analysis of long-term archives of radar images using a single methodology
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in combination with the data on SST gradients, reflecting the dynamics of frontal zones (FZ), and bottom
topography, and tides data.

The purpose of this work is to identify general features of the submesoscale eddies activity against the
background of larger-scale processes (the formation of the seasonal pycnocline, averaged monthly and decadal
frontal dynamics, tidal processes) in the Barents, Kara and White Seas according to radar images in the summer
season.

Materials and methods

Radar images’ arrays for the periods from June to October 2007 and 2011 were used as initial data to study
the features of submesoscale eddies’ surface manifestations across the Barents Sea (2007—1203 images, 2011—
838 images), and across the Kara Sea (2007—900 images, 2011—275 images) acquired by ENVISAT ASAR in
the C-band and WSM scanning modes (the track width is 400 x 400 km, the spatial resolution is 150 x 150 m)
and IMP (100 x 100 km and 25 x 25 m, respectively). The average RI coverage was about 250 scenes per unit
of water area over the Barents Sea and about 200 scenes per unit area across the Kara Sea. Over the White Sea,
221 radar images were analyzed covering May—September 2009—2012 (2009—60 images, 2010—111 images,
2011—37 images, and 2012—13 images) with an average coverage of 110 RI per unit of water area. Radar data
covering 2009—2011 period was obtained with ENVISAT ASAR C-band in the same modes as for the Barents
and Kara Seas, and in 2012, by satellites RADARSAT-1 with a spatial resolution of 25m in SGF scanning mode
(Path Image) and RADARSAT-2 in the Fine Quad-Pol mode with a spatial resolution of 6 m. All satellite radar
data were processed at the RSHU Satellite Oceanography Laboratory.

In radar images, eddy manifestations were detected as structures, which appeared in the form of dark and
light stripes curved into spirals or arcs (examples of manifestations in fig. 1), and could also be inscribed in an
ellipse. There are several mechanisms of eddy manifestations in radar images [22, 23]: film/slick (suppression of
gravity-capillary waves by biogenic films), shear-wave (a combination of gravitational-capillary waves and shear
flows), ice (tracer-ice). In this study, only those structures that were manifested in radar images using the first
two mechanisms were considered. The coordinates of the center, the type of rotation (cyclonic/anticyclonic)
and the diameter, which was calculated as the average between the lengths of the ellipse axes, were recorded.
In more detail, the procedure for the determination of
eddies is described in [24].

The frontal dynamics role in the Barents and Kara
Seas was studied by the daily average SST data of the
OSTIA GHRSST product. The daily SST data were
averaged over decades and months, gradient fields were
calculated with the same averaging periods. The areas
of gradient maxima were identified according to the
SST gradient maps, assigning a frontal zone (FZ) to an
area where temperature gradient exceeded 0.02 °C/km
were taken as the frontal zone (FZ). Within each FZ,
a distinctive isotherm was selected that matches the
main frontal section’s location identified on the gradient
map. The distinctive isotherm’s location determined
the edge of the main front inside the frontal zone for
each decade and each month. The displacement of
the decade average fronts and the FZ positions of over
a month was taken as the region of the frontal zones

Fig. 1. Surface manifestations of eddy structures. variation, while the width of the frontal zones was
Fragment of the radar image of the southwestern estimated from three meridional sections of the SST
part of the Elargntzgf?l%(gl%\ésﬁ (/)\65 ';‘Ol({ﬁ;NSM 1mage gradient: 20°, 35° and 50° E for the Barents Sea and
ode, . ' 65°, 75° and 80° E for the Kara Sea. For the White Sea,

the average decade and monthly positions of the fronts

CTPYKTYD. (DpaI‘MCHT paZ[I/IuOIIOKa]_II/IOHHOI‘O obtained in [17] were used.

U300pakeHus I0T0-3aMaaHoi YaCcTU aKBaTOpUU o .
Bapeniiena Mopsi Envisat ASAR B pexume cheMKy The role of frontal dynamics in the distribution
WSM 09:10 UTC14.06.2007. of submesoscale eddies the analysis of composite

Puc. 1. [ToBepXHOCTHBIE TTPOSIBIIEHUSI BUXPEBBIX
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maps were performed, which represented monthly the variability of FZ areas and locations of the eddies.
The numbers of eddy manifestations within the variability areas were estimated, and the results are compiled
in a summary table.

To identify the relationship between the positions of the eddies and tidal dynamics outside the areas of frontal
variability, we analyzed the eddy structures of 2007 in areas with significant topography irregularities (over 10 m/km)
in the Barents and Kara Seas (southwest of Franz Josef Land and northeast of the Uyedineniya island).

Results

In the framework of this study, the distribution of eddy structures manifestations in the Kara Sea during
June—October 2011 was obtained for the first time. A total of 202 structures were registered. Comparison with
previously available data on the eddies’ manifestations obtained with radar images covering June—October
2007 [18] and showing 1242 structures, revealed multiple similarities in the spatial and temporal variability of
the submesoscale eddies’ features. The diameter varied from almost 1 km to 13—14 km, the difference between
the average diameters for the season was 0.4 km (2.4 km in 2007, 2.8 km in 2011), while during both years the
most common were eddies with diameters from 2 to 4 km (more than 50%). For these years, for both a month
and a season as a whole, persisted the tendencies, such as cyclones prevailed over anticyclones (fig. 2, a) and
that the average diameter of the anticyclones is larger.

However, the maximum recorded manifestations in each year were observed in different months — August
(2007) and September (2011). This may be due to the difference in the coverage of radar data, ice conditions.

Comparison of two years’ Kara Sea data with data on eddies in the Barents and White Seas allowed
identification of common trends for the three seas in different years. Earlier [19], as a result of the analysis
of radar images for June—October of 2007 and 2011, in the Barents Sea 2187 and 747 submesoscale eddy
structures with a diameter from 0.2 km to 25 km were registered. The peak of the eddy activity for both the
season in general (fig. 2, b) and each year was observed in July, with up to a half of the eddies measuring
from 2 to 4 km, the average monthly diameter during the season varied from 2.3 to 4.2 km. In the White Sea,
during May—September 2009—2012, 162 manifestations of submesoscale eddies with a diameter from 0.9 km
to 13.2 km were recorded [16, 18]. The most frequent observations of eddies befell on July with the variability
of the monthly average diameter from 2.2 km to 5.1 km. Albeit, the abundance of eddies with diameter from
2 to 4 km, at least 75% of the detected eddies had a scale comparable with the baroclinic Rossby radius,
concurrently, the eddies’ predominance (above 80% instances) of a cyclonic rotation was discerned, which is
ordinary for each month (fig. 2, c).

The average spatial dimensions of the detected eddy structures in each of the three studied seas over the
entire period had a scale of the baroclinic Rossby radius, which average values are 4.9 km for the Barents Sea,
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Fig. 2. The intraseasonal distribution of the number of eddies in the Barents (a), Kara (b) and White (c¢) Seas, taking into
account the type of rotation (anticyclonic type — dark gray, cyclonic type — light gray).

Puc. 2. Buyrpuce3zoHHoe pacnpeneneHue konndectBa Buxpeit B Kapckom (a), bapeniiesom (6) u benom (g), Mmopsix
C Y4eTOM THIIa BpallleHUsT (AaHTULMKIOHUIECKUM TUIT — TEMHO-CEPBIi 1IBET, IIUKIOHUYECKUI — CBETIIO-CEPHIif).
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3 km for the Kara Sea, and 4.3 km for the White Sea [18]. Aforementioned suggests that the necessary condition
for the baroclinic instability existence is fulfilled [20]; namely, the square of the ratio of the baroclinic Rossby
radius R to the scale of disturbances L (eddy structure) must be less than or of the order of unity. Hence follows
that for eddy structures with a spatial scale (diameter) of an order or exceeding the baroclinic Rossby radius one
of the formation drivers can be baroclinic instability, which is usually observed in the areas of the frontal zones.

In all the seas, the fronts and FZs in the SST were most clearly manifested from June to September. In the White
Sea, several major FZs are present [25]: two frontal zones of runoff genesis in the Dvina and Onega bays, and two
shelf-tidal FZs in the Gorlo Strait and around the Solovki islands. The width of the FZs in the White Sea ranged
from 10 to 140 km [13]. Despite the marginal dynamics of the average monthly positions of the fronts, the average
decade positions of the fronts showed a significant shift during almost every studied month.

In the Barents Sea, the Arctic Marginal Ice and Polar frontal zones were recorded. The former is associated
with the ice melting and located in the northern part of the sea [21], following from the Spitsbergen archipelago
to the border of the Kara Sea. The latter, Polar FZ is located in the central part of the Barents Sea [26] and
presents the boundary between the Barents Sea and Atlantic waters and extends from the southern tip of the
Svalbard archipelago through the entire sea to its southeast part. The width of the FZ in the Barents Sea ranged
from 70 to 180 km. The main front of the Arctic Marginal Ice frontal zone during the summer season moved
across the whole northern part of the Barents Sea. It was most dynamic in July and reached the northernmost
position in August in both years. The main front of the Polar FZ appeared quasi-stationary in the western side
of the sea, and in the eastern side from June to August it advanced towards the Novaya Zemlya archipelago,
while the most intense front dynamics observed in 2007.

The Arctic Marginal Ice and River Plums frontal zones [27—29] are identified in the Kara Sea. The Arctic
Marginal Ice frontal zone has similar genesis to the above-described FZ in the Barents Sea. The River Plums
FZ is the boundary between the Kara Sea waters and the modified freshwater continental runoff and located
southeast of the Novaya Zemlya archipelago in the central and southwestern sectors of the sea. In the Kara Sea,
the width of the frontal zones ranged from 70 to 150 km. In both years, the northernmost position of the main
front of the Arctic Marginal Ice FZ was observed in August, while it was most dynamic in 2007. The main front
of the River Plums FZ moved predominantly in the northern and western directions towards Novaya Zemlya.
In 2007 the front approached Novaya Zemlya in July and split into two parts, nevertheless the northern part was
not detected in September. In 2011, the main front of the River Plums FZ was fully observed only in July, while
it was closer to Novaya Zemlya than in 2007. However, in August and September, it was possible to register only
its northern part, near the northern tip of Novaya Zemlya.

All fronts experienced the greatest displacements of tens and hundreds of kilometers per month in the first
half of the summer season under the influence of, obviously, synoptic processes and intense freshwater runoff
against the background of insufficient heating of the upper layer, but their high dynamic activity persisted and
later, manifesting itself as the formation of tongues and meanders sizes up to several tens of kilometers. In all
seas, the maximum variability of the positions of the FZ is observed in July. The dynamics of the fronts, the
FZs, and the variability of their characteristics are described in more detail in different papers [13, 17, 30, 31].

Figure 3 (see Insert) shows an example of a comparison of the SST gradient field averaged over the first
decade of July 2007 and the positions of the eddy structures’ centers in the same period for the region southeast
of the Svalbard archipelago. It can be seen that most of the manifestations of eddy structures are observed inside
and near zones of the increased temperature gradient (more than 0.2 °C/km), which are associated with the
FZ. The similar picture is characteristic for all considered seas.

For the first time, the number of eddy structures’ manifestations was estimated within the regions of the
decadal variability of the fronts in the Kara Sea in July — September 2007 and 2011, and a comparison was made
with similar estimates for the Barents [19] and White Seas [17].

In the Kara Sea, eddies within the variability regions were registered every month (table) during the
periods in which the possibility of detecting the fronts’ position existed. For July—September 2007 and 2011
within the regions of variability, 23%, and 39% of the total number of the eddies were recorded, respectively.
The manifestations were observed in both years most often in July, 27% in 2007 and 64% in 2011 when the
variability regions were the most expansive and pycnocline was close to the surface. The least amount of eddies
within these regions in 2007 was observed in September (13%), and in 2011 — in August (17%).

The months of maximum and a minimum number of manifestations within the variability areas overall
coincide in both the Barents and the White Seas [17, 19]. In the Barents Sea in 2007 and 2011 within the
fronts’ variability areas, 23% and 30% of all eddies were recorded, respectively (table). The least number of
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manifestations was reported in each year in September (10% each) when the frontal dynamics was insignificant
compared to other months. Most of the eddies were observed within the regions of the FZ variability in July
(38% and 49% in 2007 and 2011, respectively). This month was distinguished by the most intense intramonthal
frontal dynamics, expressed in a significant change in the position of the fronts over the decades, and the near-
surface seasonal pycnocline formation occurred.

In the White Sea in each month, except for September (13%), more than 50% of the eddies identified on
the sea surface belonged to the regions. At the same time, the maximum, both in the Barents and Kara Seas,
was observed in July — 77%, when the most intense decadal displacement of fronts was registered, the seasonal
pycnocline only started to develop and was still close to the surface.

The above suggests that in all three seas, there is a connection between the frequency of eddy structures
manifestations and frontal dynamics, which contributes to the development of processes associated with
barocline instability.

Table
The number of eddies within the areas of variability of the frontal zones as a percentage of the number
of registered eddies for each month
KosmnyecTBo BUXpeii BHYTPH 00/1acTeiil HBMEHYMBOCTH (DPOHTAJILHBIX 30H B MPOIIEHTAX
OT KOJIMYEeCTBA 3aPETHCTPHPOBAHHBIX BUXPEil 32 KaXKIblil Mecsll
Barents Sea Kara Sea White Sea
Month
2007 2011 2007 2011 2010

June 24 23 — — 62

July 38 49 27 64 77

August 13 30 23 17 57

September 10 10 13 29 13

Total 23 30 23 39 57

Except for the frontal zones’ areas, the eddy manifestations were repeatedly registered in the areas of
the seabed elevations. In the previous work on the White Sea [13], contact observations over several years
confirmed that the eddies’ formation in the areas of the seafloor elevations is associated with tidal dynamics.
According to the radar data, such areas are located north of the Solovetsky Islands and near the Tersky coast,
where significant differences in depths are present.

In this study, for the first time, an attempt was made to find a relationship between the positions of eddy
manifestations and topographic effects, as the cause of the formation of eddy structures in areas of topographic
irregularities under the influence of tidal dynamics in the Barents and Kara Seas.

RI data analysis revealed that in these seas, eddies are registered frequently in the areas above seabed
irregularities. In the Barents Sea, these areas are mostly attributed to the northern sector, and in the Kara
Sea — to the central and northern sectors. Meanwhile, the eddies were registered in these areas throughout
practically the entire studied period, when these areas were free of ice. The eddies’ positions and topographic
effects relationship was studied with the parameters of eddy structures’ manifestations upon the 2007 data in the
region south-west of the FJL (from June to October), and northeast of the Uyedineniya Island (from August
to October). As an example, the distribution of eddy structures on the seafloor relief map in the selected area
of the Barents Sea is shown in fig. 4 (see Insert). Eddy structures in the studied areas were registered every
month during no-ice periods, regardless of the frontal zones’ position, which facilitated their identification.
The characteristics of the observed eddies in the studied areas were close to the average values for each sea.

From June to October, 171 eddy manifestations were registered south-west of Franz Josef Land; anticyclonic
eddies were almost six times more frequent than cyclonic. The monthly average diameter for the season of 2007
was 3 km. Northeast of the Uyedineniya island, eddies were observed only from August to October as in June
and July the area was covered with ice. A total of 24 manifestations were registered. Cyclonic rotation eddies
were seven times more numerous than anticyclonic. The average monthly diameter in the study area was 2 km.

In the regions (Cape Flora (Barents Sea) and the Wiese Island (Kara Sea)), comparison of the time of the
eddy structures emergence with tide data showed that the eddies were most often observed during the spring
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tide period during the most rapid tidal currents. For the region southwest of the Franz Josef Land, during spring
tide the number of eddies amounted to more than 55%, while in the quadrature tide it was 20%. In the region
northeast of the Uyedineniya Island, more than 90% of the manifestations were recorded during the syzygy
and only 4% during the quadrature.

The registration of surface manifestations of eddy structures above the irregularities of the seafloor
predominantly during the period of spring tide currents (when tidal velocities are maximal) suggests that the
formation of eddies in these areas is associated with the intensity of tidal currents.

Conclusion

For the first time, the analysis of more than 250 radar images for June—October 2011 for the Kara Sea on the
eddy structures’ manifestations, and the subsequent comparison of the results with the data on eddy manifestations
for periods: June—October 2007 in the Kara Sea, June—October 2007, and 2011 — the Barents Sea, and May—
September 2009—2012 — the White Sea, made it possible to identify general trends in the distribution of submeso-
scale eddies’ manifestations in the tidal Arctic seas.

Based on the comparison of the spatial-temporal distribution of the described manifestations, similar
features were identified in the intraseasonal variability of the eddies’ characteristics, which are generally
repeated for each year, and shred by each of the three seas. It was discovered that the predominant direction
of eddies’ rotation was cyclonic (at least 75% of the registered cases), while the size of the anticyclonic eddies
was on average larger by 20%. Eddies with a diameter of 2 to 4 km (~45% of the manifestations in the Barents,
~55% in the Kara, ~40% in the White Seas) were recorded most frequently, and the most intense eddy activity
was observed during the formation of the near-surface pycnocline (early summer).

It was shown for the first time that for most of the registered eddies in each of the three seas, the condition
of baroclinic instability is satisfied, which allows, but does not prove, that it can be a generation mechanism in
the areas of the frontal zones.

The estimates comparison of the number of eddies within the regions of the variability of the decade-
average fronts also showed a general behaviour that was observed in July in each of the three seas. The greatest
monthly number of eddies within the regions of frontal zones variability was recorded in each of the seas
every of the studied years in July: up to 49% in the Barents Sea, up to 64% in the Kara Sea, and up to 77%
in the White Sea during intense frontal dynamics. With all that, in the Barents and Kara Seas, the frequent
occurrence regions repeated from year to year. Thus, it appears that under conditions of a shallow and sharp
pycnocline in the FZ area, frontal dynamics processes can make a significant contribution to the generation of
eddy structures. The genesis of most submesoscale eddies is associated with disturbances in the position and
the characteristics of the fronts under the influence of structure-forming processes of various origins.

In the areas with seafloor irregularities, eddy structures were registered when these areas appeared free of
ice and mainly during the period of maximum tidal current velocities (spring tide). That emphasizes the role
of the tide, which is a significant factor in the formation of not only mesoscale variability but the processes of
eddy formation.

The patterns revealed in the process of the comparison of the eddies’ characteristics demonstrate
a commonality in the distribution of submesoscale eddies’ manifestations in the waters of the Barents, Kara,
and White Seas. It seems that eddies with a spatial size of the order from one to a dozen kilometers with a
cyclonic type of rotation, occurring mainly in the period of pycnocline formation, in the vicinity of frontal areas
and seabed irregularities are typical structural elements of the Arctic seas’ dynamics.

The authors thank Kozlov IE. for providing radar images, Konik A.A. and Svergun E.I. for their help in
processing satellite data, Romanenkov D.A. for participating in the discussion of the results of the work.
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Fig. 3. Map of the average decade values of the SST gradient for the 1st decade of July, 2007.
The black dots on the map show the center positions of manifestations of submesoscale eddies
according to the radar images for the same period.

Puc. 3. Kapra cpenHenekagHbix 3HaueHui rpaguenta TIIM 3a 1 nekany utonst
2007 1. YepHbIMM TOUKAMU Ha KapTe MOKa3aHbI TOJIOXEHUS IEHTPOB MPOSIBIEHU
cyoMme3oMacTabHbIX Buxpeil mo maHHbeIM PJIN 3a ToT ke mepuomn.
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Fig. 4. Map of the depths of the region southwest of Franz Josef Land in the Barents Sea,
where red dots indicate the center positions of the eddies during the warm season of 2007.

Puc. 4. Kapra riy6uH paitoHa toro-3amnagnee 3®@U B bapeHiieBoMm Mope, Tlie KpacCHbIMU
TOYKaM1 0003HAUYEHBI MOJIOXKEHUsI IIEHTPOB BUXpeil 3a MOHb — OKTs0pb 2007 T.



