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Schematic diagram of the global ocean circulation

pathways, the '‘conveyer’ belt
(after W.Broecker, modified by E.Maier-Reimer)
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CnctemMa COBMECTHbIX N BJIOXKEHHbIX Moaenen
SibCIOM




The model domain was built with horizontal resolution of
1x1°% in Atlantic. The reprojected bipolar grid in Arctic has
minimum spacing equal to 35km while maximum spacing is

about 62km.

Grid

and Domain

Numerical domain: from 20S Atlantic to Bering Strait

Grid specification: spherical in Atlantic ( 1°: 1°) + reprojected bipolar

grid from 65°N (Ross Murray,1996), 33 vertical levels
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SibCIOM - development
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GCM receives from regional model: 2l e
Temperature, salinity (T, S) and barotropic velocity (U, V), via Initial conditions: T, S, u, v, U, V, n

second order relaxation terms
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Barents and Kara Seas

Horizontal resolution 2-20 km

Simulated period - 215 days (Jan-Jul, 1983)
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Abstract: The paper investigates the role of atmospheric circulation in the surface layer in forming
the Arctic ice structure. For the analysis, the empirical orthogonal function (EOF) method of
decomposition of the surface wind field is used, and the reaction of ice to changes in the principal
components of leading EOF modes is investigated using statistical methods. Analyzing the rate of
ice change in the Arctic associated with the Arctic ocean oscillation mode, we concluded that this
mode’s variability leads to the formation of a seesaw in the ice field between two regions. From the
one side, it is the region of the central deep-water part of the Arctic, including the East Siberian Sea,
and from the other side, it is all other marginal seas. The second (“dipole”) mode is most associated
with an increase /decrease in the ice thickness at the Arctic exit through the Fram Strait, as well as
the formation of the so-called “ice factory” in the coastal region of the Beaufort Sea in the positive
phase of this mode. There is also a significant relationship between the variability of third mode and
the arrival of Atlantic waters with a high heat content into the Arctic through the Barents opening,
which creates preconditions for ice formation in this region.
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Figure 2. The average value and three eigenfunctions of the surface wind EOF decomposition (arrows)
and its vorticity (color and contours): (a) averaged from 1948 to 2019 spatial distribution of the wind
field, (b) the first eigenfunction of the surface wind speed, (c) the second, (d) the third.
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Characteristics of mesoscale eddies of Arctic

marginal seas: results of numerical modeling

Gennady Platov and Elena Golubeva

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, 630090,
Lavrentiev prospekt 6, Novosibirsk, Russia

E-mail: platov.g@gmail.com, e.golubeva.nsk@gmail.com

Abstract. A simple method is proposed for identifving mesoscale eddies in the results of
numerical modeling. The method uses extrema in distributions of the sea level elevation as
eddy markers. By using the method, we analyze statistics of mesoscale eddies resulting from
SibPOM numerical simulations in the Eurasian sector of the Arctic marginal seas. The results
of using this method show that the number of cyclonic eddies slightly exceeds the number of
anticyclonic eddies, but the excess is only 2-3%. Also, we demonstrate that a significant number
of eddies arise under the ice cover. The number of such eddies increases significantly in winter.
This fact indicates that the convection caused by salt rejection during freezing plays an essential
role in their formation. The numerical modeling results confirm the phenomenon of active eddy
generation in the ice edge zone. Besides, the results show that in the near-edge zone, a more
significant number of eddies are formed from the icy side adjacent to the edge, and not from the
ice-free side. The periods of seawater freezing and ice melting, accompanied by corresponding
displacements in the ice edge, produce eddies different in nature. The number of eddies in the
marginal ice zone has two seasonal maxima corresponding to these two periods.
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Averaged number of mesoscale eddies (x103)

1 2 3 4 5 6 7 8 9 10 11 12
Barents Sea 3.8 3.8 3.9 3.8 3.8 3.5 3.3 3T 3.1 3.4 3.6 3.8 / CyCIOniC
- 36 35 [36] 35 35 31 29 [27]| 27 30 32 35| — Anticyclonic
Kara Sea 1.9 2.1 2.1 2.2 2.1 1.9 1.7 1.6 I.5 1.5 1.7 1.8
1.8 1.9 1.9 1.9 1.9 1.7 1.4 1.4 1.3 1.4 1.5 1.7
: 1.5 1.5 1.4 1.3 1.3 1.1 T I 1.1 1.3 1.5 1.5
1.3 1.3 1.2 1.1 1.0 0.9 0.9 0.9 1.1 1.3 1.3
1.5 1.6 1.8 1.8 1.8 1.7 1.3 1.1 T.0 1.1 1.3 1.4
1.4 1.5 1.7 1.6 1.7 1.6 1.2 0.9 0.8 1.0 1.2 1.3
m 2.4 2.3 2.3 2.1 1.8 1.9 2.1 2.2 2.2 2.2
2.3 2.2 2.2 2.1 1.7 1.7 1.6 1.8 2.0 2.1 2.1 2.1
- 1 2 3 4 5 6 7T & 9 10 11 12
I ® Barents Sea |26 23 24 21 22 20 23 24 26 T 2.6
2.42/2.19 24 21 22 20 20 1.8 20 21 23 |24 24| 24
Chukehi Sea | 0.0 0.0 0.0 0.0 00 003 04 1.0 1.2 [13] 0.6 0.03
0.38/0.36 00 0.0 00 00 00 003 04 09 1.2 (12| 0.6 0.03




Eddies in the ice edge
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Main modes of the Arctic Ocean circulation and a
relationship between their trends and the Atlantic

water heat content

Gennady Platov, Marina Kraineva and Elena Golubeva

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, 630090,
Lavrentiev prospekt 6, Novosibirsk, Russia

E-mail: platov.g@gmail.com, krayneva-m@yandex.ru, e.golubeva.nsk@gmail.com

Abstract. A study is presented on integral variability in Arctic Ocean characteristics, such as
the volume transport and the heat content of the Atlantic water (AW) layer, obtained as results
of numerical simulations using a model, SibCIOM. On the basis of an EOF decomposition
three non-degenerate modes are obtained for the integral stream function and three modes
for the heat content of the AW layer in the Arctic. Considering the cross-correlations of the
EOF principal components a 44-yr cycle is obtained. It relates the cyclonic circulation mode
in the Arctic and the second mode of AW heat content, associated with the AW warming in
the area of the Beaufort Gyre. The Atlantic Multi-decadal Oscillation (AMO) statistically
can act as a source of such a cycle, however, the thus obtained correlation is at the limit
of the admissible significance, and the period of AMO oscillations is 1.5-2 times longer. In
our opinion, a relationship with fluctuations in the Atlatic Meridional Overturning Circulation
(AMOC) seems to be more plausible. However, no understanding of the role of these two mid-
latitude and polar processes in relation to what extent they act as a cause or a consequence has
vet been established in this study.
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EOF decomposition of AW heat content

@) S ")




Correlations SF and Q modes
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e A more significant reaction to a change in SF1 occurs after 13 years. We can trace it in
the amplification of the opposite phase of Q2. The correlation coefficient is -78%. On the
contrary, a change in Q2 leads with a correlation of 73% to a co-directional change in SF1
after 9 years. Thus, within these two modes (SF1 and Q2), we can trace a 44-yr cycle:
positive SF1 - negative Q2 after 13 years - negative SF1 after 9 vears - positive Q2 after 13
vears - again positive SF1 after 9 vyears ...




Possible 44-yr oscillation origins

 AMO - Atlantic Multi-decadal sl
Oscillation
— 60-80 yr (corr -35%, time lag -19yr)

 AMOC - Atlantic Meridional
Overturning Circulation

— GFDL - 50 yr (Delworth et al., 1993,
J. Climate) 3L
1850 1900 1950 2000
— ECHAM3-LSG - 35 yr (Timmermann years
et al., 1998, J. Climate)
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