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Abstract In the context of global warming, the Arctic region has warmed
significantly and sea ice has retreated dramatically, and previous studies have revealed
that the sea ice condition in the Barents Sea region in autumn is a significant
precursor factor for temperature anomalies in Eurasia in late winter, while the activity
of the low-level anticyclone in Siberia in winter is closely related to the change of the
cold air, but whether and how the Arctic sea ice affects the activity of low-level
anticyclone/cold high-pressure in winter in Siberia is still to be Further studies are
needed. In this paper, the effects and pathways of low sea ice in autumn in the Barents
Sea region on anticyclone activities in Siberia are investigated using the European
Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis data, ERAS, and
sea ice data. The results show that: (1) the interannual variations of the fall sea-ice
density in the Barents Sea region have an effect on both winter anticyclones and the
quality of the cold air they carry in the Siberian region, and the anticyclone activity is
enhanced and the cold air it carries is increased when there is less sea-ice in the fall.
(2) Reduced sea ice area in the fall will lead to more ocean heat transfer to the
atmosphere in the late season, thus reducing the meridional temperature gradient
between the polar regions and the mid-latitudes in winter, and thus weakening the
mid-latitude westerly winds, resulting in enhanced anticyclone activity in Eurasia. (3)
Using the atmospheric circulation model CAM6, we designed a sensitivity test for sea
ice changes in the Barents Sea region, and the results also reproduced that under
conditions of low sea ice, most of the Eurasian continent, except for the area east of
Lake Baikal and northeastern China, showed an increase in anticyclone frequency and
an enhancement of the central pressure of the anticyclone. In particular, the reduction
of sea ice caused a significant decrease in the meridional gradient of the vortex, which

led to an increase in the frequency of blockages in the East European Plain, the Ural



Mountains, and East Asia, resulting in an increase in anticyclone activity and a
decrease in temperature in most of the mid-latitude regions of the Eurasian continent.

Keywords Anticyclone; Sea ice; Cold air
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Fig. 1 Flow of the new anticyclone objective identification method based on the Mask R-CNN
model (the upper gray dashed box is the simplified structure of the Mask R-CNN model, the
manual identification mask is the 2D anticyclone identification data obtained from the manual
analysis, the machine learning mask is the anticyclone identification data outputted from the Mask
R-CNN model, and the objective identification mask is the anticyclone identification data

obtained from the traditional objective identification algorithm).
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Fig. 2 Distribution of (a) anticyclone paths, (b) generation frequency, and (c) extinction frequency

passing through Siberia (45° -65° N, 60° -115° E) during the winters from 1978 to 2022.
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Fig. 3 Contribution of anticyclone-carried cold air mass (contours, unit: %) and winter mean cold

air mass (shading, unit: hPa), 1978-2022.
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Fig. 4 ((a), (b)) SVD standardized singular vectors of the sea ice density (unit: 100%) in autumn at
the northwestern edge of Barents-Kara Sea area (70° -80° N, 30°-90° E) and the cold air mass
(unit: hPa) carried by anticyclones in winter at mid-latitudes of Eurasia (40° -70° N, 0° -140° E),
1981-2022 first mode and (c) corresponding standardized time coefficients (blue line is the time
coefficient corresponding to sea ice, red line is the time coefficient corresponding to cold air mass

and (d) correlation coefficients (white-dotted region passes the significance level test of 0.05).
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Fig. 5 Autumn sea ice area index (black line, unit: x 103 km?) in the Barents-Karak Sea area (70° -
80° N, 30° - 90° E). and the winter mean sea level pressure (SLP) of the Siberian region (red line
in Fig. a, unit: hPa) and the winter mean cold air mass (red line in Fig. b, unit: hPa). (Regression
coefficients for sea ice and SLP pass the 0.05 level of significance, and for sea ice and cold air

pass the 0.01 level of significance.)
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Fig. 6 Synthetic differences in (a) percentage of area covered by sea ice in fall (unit: 100%) (b) fall

sea surface temperature (unit: K) obtained from CAMG6 simulations under conditions of low and

high sea ice in the BKL region (65° -85° N, 20° -150° E).
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Fig. 7 (a) anticyclone frequency (unit: times- year'), (b) SLP synthetic difference (unit: hPa,

white-dotted area passes significance level test of 0.1) corresponding to the moment of anticyclone

occurrence, obtained by CAM6 simulation in the BKL region (65° -85° N, 20° -150° E) under the

scenarios of low sea ice and high sea ice.
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Fig. 8 Synthetic differences in (a) SLP (unit: hPa), (b) cold air quality (unit: hPa, white dotted area

passes the significance level test of 0.1) obtained from CAMG6 simulations in the BKL region (65°
-85° N, 20° -150° E) for the case of low and high sea ice.
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al., 2022) .
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Figure 9 Monthly variations (September-February of the following year ) in the regional mean of
(a) sea ice extent index (unit: x10°km?) (b) SST (unit: K) in the Barents-Kara Sea region (70° -80°
N, 30° -90° E) simulated by CAM6 in the BKL region (65° -85° N, 20° -150° E) in the context of
both the low(red dashed) and the high sea ice(black solid) scenarios.
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Fig. 10 Synthetic difference between (a) winter heat flux (shaded, unit: W+ m, white-dotted area
passes significance level test of 0.1) and long-wave radiation fluxes (contours, unit: W+ m-2)
simulated by CAM6 in the BKL region (65° -85° N, 20° -150° E) under low sea-ice (red dashed
line) and high sea-ice (black solid line) scenarios and (b) monthly changes in regional means of

winter heat fluxes and (c) long-wave radiation fluxes (September-February of the following year)
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Fig. 11 Synthesis of nondimensional 500 hPa meridional potential vortex gradient (PVy, white
dotted area passes significance level test of 0.05) and latitudinal winds (unit: m s!, positive values
are red solid lines, negative values are blue dashed lines, 0 values are black solid line) obtained by
CAMB6 simulation in the BKL region(65° -85° N, 20° -150° E) under conditions of low and high

sea ice scenarios.
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Figure 12 Synthetic differences in winter blockage frequency obtained from CAMG6 simulations in

the BKL region (65° -85° N, 20° -150° E) for both high and low sea ice scenarios, with the solid
curve (long dashed line) indicating the high (low) sea ice year (shaded area indicates passing the

significance level test of 0.1.
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