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ABSTRACT

In this study, the relationship between year-to-year variations in the Bering Sea ice cover (BSIC) and the
East Asian winter monsoon (EAWM) for the period 1969–2001 was documented. The time series of total
ice cover in the eastern Bering Sea correlated with the EAWM index at −0.49, indicating that they are two
tightly related components. Our results show that the BSIC was closely associated with the simultaneous
local and large-scale atmosphere over the Asian–northern Pacific region. Heavy BSIC corresponded to weaker
EAWM circulations and light BSIC corresponded to stronger EAWM circulations. Thus, the BSIC should
be considered as one of the possible factors affecting the EAWM variation.
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1. Introduction

The East Asian winter monsoon (EAWM) is one
of the most active atmospheric circulation systems in
boreal winter. It can exert strong impacts on local
weather and climate over East Asia and the north-
western Pacific (Ding and Krishnamurti, 1987; Ding,
1990; Zhang et al., 1997; Compo et al., 1999; Sun et
al., 2009; Wang et al., 2011). In the past, interest in
EAWM research has been boosted by the increase in
the frequency and severity of weather-related disasters
in China that result from anomalous EAWMs. Partic-
ularly in January and early February 2008, an anoma-
lously strong EAWM occurred with extremely low re-
gional temperatures, blizzard conditions in northern
China, and freezing rain in southern China (Wang and
Jiang, 2004; Zhou et al., 2009; Han et al., 2011). Pre-
vious studies have shown that factors influencing the
EAWM include El Niño-Southern Oscillation (ENSO;
Li, 1990; Tomita and Yasunari, 1996; Wang et al.,
2000; Wang and Zhang, 2002), North Atlantic Oscil-

lation (NAO; Wu et al., 1999), and Arctic Oscillation
(AO; Gong et al., 2001; Wu and Wang, 2002a, b; Wang
and Sun, 2009), as well as conditions on the Tibetan
Plateau and Eurasian snow cover (Walland and Sim-
monds, 1996; Watanabe and Nitta, 1999).

Arctic sea ice is a critical component of the cli-
mate system, influenced by both the atmosphere and
ocean. Variations in Arctic sea ice cover may mod-
ulate local climate through the ice albedo feedback,
the insulating effect, deep water formation, and fresh-
water budget (Walsh, 1983; Barry et al., 1993; Curry
et al., 1995), and at middle and high latitudes it can
be manifested as altered patterns of atmospheric cir-
culation and precipitation (Overland and Pease, 1982;
Parkinson, 1990; Agnew, 1993; Slonosky et al., 1997;
Prinsenberg et al., 1997; Wu et al., 1999, Serreze et al.,
2007; Wang and Zhang, 2010; Ma et al., 2012). Wu et
al. (2011) explored the relation between the autumn–
winter Arctic sea ice and the winter Siberian High. Liu
et al. (2007) investigated two dominant modes of the
North Pacific sea ice variability and their association
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with East Asian–northern Pacific winter climate. Re-
cently, Liu et al. (2012) demonstrated that the decline
of the autumn sea ice cover in the Arctic is a precursor
of winter snowfall.

Although it is known that the EAWM is linked to
Arctic sea ice cover, some uncertainty remains. The
purposes of this study were to identify the key regions
in which sea ice significantly related to winter climate
over East Asia and to advance our understanding of
the causes of EAWM year-to-year variations.

2. Datasets

The Arctic sea ice concentration data (1◦×1◦ grid
resolution) for the period 1980–2010 were obtained
from the UK Meteorological Office as the Hadley Cen-
tre sea ice and sea surface temperature dataset version
1 (HadISST1; Rayner et al., 2003). The monthly mean
atmospheric data (2.5◦×2.5◦ grid resolution) was ob-
tained from the National Centers for Environmen-
tal Prediction–National Center for Atmospheric Re-
search (NCEP–NCAR) Global Reanalysis 1 (NCEP-
1; Kalnay et al., 1996). The variables included sea
level pressure (SLP), surface air temperature (SAT),
850-hPa wind vector (UV850), 500-hPa geopotential
height (HGT500), and 200-hPa zonal wind (U200). In
this study, sea ice cover refers to the actual area cov-
ered by sea ice with 15% and greater ice concentration.
The winter of 1969 refers to the 1969/1970 winter. The
months of December, January, and February were used
to calculate the winter mean for all variables (e.g., sea
ice and atmosphere).

3. The key region of sea ice variability

Figure 1 shows the spatial pattern of the standard
deviation of the wintertime Arctic sea ice cover for
the period 1969–2001. Large interannual variability
was confined to a rather narrow belt along the clima-
tologic mean ice edges, including the Greenland and
Barents Seas and the Davis Strait in the Atlantic sec-
tor and the Bering Sea and the Sea of Okhotsk in the
Pacific sector, consistent with previous studies (Walsh
and Johnson, 1979; Fang and Wallace, 1994; Deser,
2000). Parkinson et al. (1999) also indicated that all
of these areas were seasonally ice impacted. In the
Atlantic sector the most rapid growth occurred in au-
tumn (September–November) and continued through-
out the winter, whereas in the Pacific sector the most
rapid growth occurred in late autumn and earlier win-
ter (November–January).

The correlation coefficient of the wintertime Arctic
sea ice cover with the EAWM index was calculated to
identify the regions of interest (Fig. 2a). Here we used

Fig. 1. Standard deviations (%) of the wintertime
(December–February) Arctic sea ice cover for the period
1969–2001.

an EAWM index defined as the first the empirical or-
thogonal function (EOF) mode of 850-hPa air tem-
perature within the EAWM domain (20◦–60◦N, 90◦–
150◦E) (Li and Wang, 2012). A high negative correla-
tion area over the eastern Bering Sea (55◦–66◦N, 160◦–
180◦W) is obvious in this figure, with a peak value of
−0.67 (statistically significant at p<0.01). This result
indicates that the eastern Bering Sea is a key region in
which sea ice is significantly related to the East Asian
winter climate. In addition, the simultaneous rapid ice
growth in the Pacific sector shows a closer relation to
the EWAM.

Figure 2b displays the time series of total ice cover
in the eastern Bering Sea, in this study defined as
the Bering Sea ice cover (BSIC) index, together with
the EAWM index. The BSIC index varies on strong
interannual and interdecadal timescales and was out
of phase with the EAWM index. The BSIC and the
EAWM correlated at −0.49 (statistically significant at
p<0.05), indicating that they are two closely related
components.

4. The BSIC–EAWM connection

We then analyzed the simultaneous atmospheric
circulation anomalies associated with the BSIC over
the Asian–northern Pacific region, and two types of
analyses were performed: a composite analysis and a
linear regression analysis. According to the time se-
ries of the total ice cover in the eastern Bering Sea
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Fig. 2. (a) Correlation coefficients of the wintertime (December–February) Arctic sea ice cover with the
EAWM index for the period 1969–2001, after removing the linear trend. According to a Student’s t-test,
dotted areas indicate correlations that exceed the p<0.05 significance level. (b) Time series of total ice
cover (105 km2) in the eastern Bering Sea (55◦–66◦N, 160◦–180◦W), together with the EAWM index, after
removing the linear trend.

(Fig. 2b), we selected heavy and light BSIC cases based
on the absolute and normalized values of the BSIC in-
dex >1.0 standard deviation. Thus, the heavy BSIC
cases included 1975, 1994, 1999, and 2001; the light
BSIC cases included 1978, 1984, 1985, and 2000. Fig-
ure 3 shows the composite differences of atmospheric
circulation anomalies during heavy ice years. At the
surface, an increase in SLP was located in the Kam-
chatka peninsula and the western Bering Sea, near the
climatological center for the Aleutian low, and a re-
duction occurred to the east over Alaska (Fig. 3a). The
positive signs and maximum increase above 3 hPa ap-
peared to be related to a weaker Aleutian Low that
moved westward of normal.

Figure 3b shows positive values of SAT over north-
ern Asia, East Asia, and the northwestern Pacific, and
negative values to the east over the Bering Sea. The
negative signs increased sharply in amplitude, and the
maximum dropped below −4◦C. These results can be
explained by the local sea ice amplification as well as
the large-scale wind anomalies at 850 hPa (Fig. 3c).
An ice advance in the eastern Bering Sea was followed
by a strengthening of the circumpolar westerly that
moved down over the Bering region. Besides, it exhib-
ited strong anticyclonic vorticities with a weakening of
the midlatitude westerly between 80◦E and the date-
line. East of the anticyclonic vorticities, anomalous
northerly and northwesterly winds over the Bering re-
gion favored negative SLP anomalies and colder con-
ditions in that region by colder air transported from
the north. Southwest of the anticyclonic vorticities,

anomalous easterly and southeasterly winds over the
northwestern Pacific and East Asia suggested weaker
northeasterly monsoonal flow and favored warmer con-
ditions in that region by warmer and wetter air trans-
ported from the ocean.

At 500 hPa, an elongated increase was observed
over northern Asia and the Sea of Okhotsk, with a
major ridge extending southeastward along the East
Asian coast. Besides, a reduction was observed to the
east over the eastern Bering Sea and Alaska. This
spatial pattern suggested both a weakened East Asian
trough and a western ridge over North America, and
in the vertical direction it featured a barotropic struc-
ture. At 200 hPa, anomalous easterly winds prevailed
south of Lake Baikal west of the dateline, with anoma-
lous westerly winds to the north (Fig. 3e), indicating
a weakening and retreat of the East Asian jet.

In contrast, Fig. 4 shows the composite differences
of atmospheric circulation anomalies during light ice
years. At the surface, a decrease in SLP occurred in
the Bering Sea, and the maximum dropped below −4
hPa (Fig. 4a). This implies that a deeper Aleutian
Low had moved eastward of normal. Figure 4b shows
negative values of SAT over northern Asia, the Sea of
Okhotsk, and the northwestern Pacific, and positive
values are evident to the east over the Bering Sea and
Alaska, with a maximum >6◦C. At 850 hPa, an ice
retreat in the eastern Bering Sea was accompanied by
a weakening of the circumpolar westerly that exhib-
ited strong cyclonic vorticities over the Bering Sea re-
gion and a strengthening of the midlatitude westerly
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Fig. 3. Composite differences of atmospheric circulation anomalies during heavy ice years, in terms of (a)
SLP (units: hPa), (b) SAT (units: ◦C), (c) UV850 (units: m s−1), (d) HGT500 (units: gpm), and (e)
U200 (units: m s−1). According to a Student’s t-test, shaded areas indicate correlations that exceed the
p <0.05 significance level.

between 80◦E and 150◦W (Fig. 4c). East of the cy-
clonic vorticities, anomalous southerly and southeast-
erly winds over the eastern Bering Sea favored positive
SLP anomalies and warmer conditions in that region
by warmer and wetter air transported from the ocean.
Southwest of the cyclonic vorticities, anomalous north-
easterly winds over northern Asia suggested stronger
northeasterly monsoonal flow and favored colder con-
ditions in that region by colder air transported from
the north.

At 500 hPa, an elongated decrease occurred over
northern Asia, the Sea of Okhotsk, and the western
Bering Sea, and an increase occurred to the east over
Alaska and the Gulf of Alaska (Fig. 4d). This spa-

tial pattern suggests both a strengthened East Asian
trough and a western ridge over North America, and
in the vertical direction it featured a barotropic struc-
ture. At 200 hPa, anomalous westerly winds prevailed
south of Lake Baikal west of the dateline, with anoma-
lous easterly winds to the north (Fig. 4e), indicating
the strengthening and advance of the East Asian jet.

In summary, the results shown in Figs. 3 and 4 in-
dicate that the BSIC is closely associated with the si-
multaneous local and large-scale atmosphere over the
Asian–northern Pacific region. The characteristics of
the composite differences during heavy and light ice
years largely mirror each other. Heavy BSIC corre-
sponds to a weaker Aleutian Low that has westward
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Fig. 4. Same as Fig. 3, but for light ice years.

moved and light BSIC corresponds to a deeper Aleu-
tian Low that has eastward moved, as well as other
features, in the following aspects: northeasterly mon-
soonal flow over East Asia, East Asian trough and
western ridge over North America at 500 hPa, and
East Asian jet at 200 hPa.

Figure 5 shows the regression coefficients of atmo-
spheric circulation anomalies with regression on the
BSIC index. Corresponding to heavy ice years, an
increase in SLP occurred in eastern Siberia and the
western Bering Sea, and the maximum exceeded 2 hPa
(Fig. 5a). Figure 5b shows positive values of SAT over
northern Asia and the Sea of Okhotsk and negative
values to the east over the Bering Sea. At 850 hPa,
the structure was characterized by a strengthening of
the circumpolar westerly that moved down over the

eastern Bering Sea. Besides, it exhibited strong an-
ticyclonic vorticities with a weakening of the midlati-
tude westerly between 80◦E and 160◦W (Fig. 3c).

At 500 hPa, an increase occurred over northern
Asia and the Sea of Okhotsk, with a major ridge ex-
tending southeastward along the East Asian coast, and
a decrease to the east over Alaska. At 200 hPa, anoma-
lous easterly winds prevailed south of Lake Baikal west
of the dateline, with anomalous westerly winds to the
north (Fig. 4e).

For comparison, we also present the regression co-
efficients of atmospheric circulation anomalies with re-
gression on the EAWM index (Fig. 6). Corresponding
to weak monsoon events, an increase in SLP occurred
in the northern Pacific and the Bering Sea (Fig. 6a),
consistent with the BSIC-regressed SLP except for
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Fig. 5. Regression coefficients of wintertime (December–February) atmospheric circulation anomalies with
regression on the BSIC index, in terms of (a) SLP (units: hPa), (b) SAT (units: ◦C), (c) UV850 (units:
m s−1), (d) HGT500 (units: gpm), and (e) U200 (units: m s−1), after removing the linear trend. According
to a Student’s t-test, shaded areas indicate correlations that exceed the p <0.05 significance level.

a southeastward shift. Figures 6b–e display similar
southeastward shifts in the northern Pacific.

Figure 6b shows positive values of SAT over the en-
tirety of Asia and the northwestern Pacific, and neg-
ative values are shown to the east over Alaska. At
850 hPa, a strengthening of the circumpolar westerly
moved down over the eastern Bering Sea and Gulf of
Alaska and exhibited strong anticyclonic vorticities,
and a weakening of the midlatitude westerly occurred
between 80◦E and 140◦W (Fig. 6c). At 500 hPa, an in-
crease extended from Lake Baikal eastward toward the
northeastern Pacific (Fig. 6d). At 200 hPa, anomalous
easterly winds prevailed south of Lake Baikal between
80◦E and 140◦W, with anomalous westerly winds to

the north (Fig. 6e).
Overall, in the regression maps with regression on

both the BSIC and EAWM index (Figs. 5 and 6), char-
acteristics of all cases were in good agreement with
those in the composite maps (Fig. 3). However, the
EAWM-regressed anomalies were more apparent and
showed significant southeastward shifts in the north-
ern Pacific.

5. Discussion and conclusions

The EAWM is one of the most active systems in
boreal winter and is linked to the behavior of many fac-
tors (i.e., ENSO, NAO, and AO, as well as conditions
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Fig. 6. Same as Fig. 5, but for regression on the EAWM index.

on the Tibetan Plateau and Eurasian snow cover). By
analyzing the connection between the EAWM and the
entire Arctic sea ice cover, we identified a key region
in which sea ice significantly related to the East Asian
winter climate. The time series of the total ice cover
in the eastern Bering Sea correlated with the EAWM
index at −0.49, indicating that they are two closely
related components.

Our results indicate that BSIC is closely associ-
ated with the simultaneous local and large-scale at-
mosphere over the Asian–northern Pacific region. We
used two types of analyses: a linear regression analysis
and a composite analysis. Heavy BSIC corresponds to
a weaker Aleutian Low that has moved westward of
normal and light BSIC corresponds to a deeper Aleu-
tian Low that has moved eastward of normal, as well

as other features, in the following aspects: monsoonal
flow over East Asia, East Asian trough and western
ridge over North America at 500 hPa, and East Asian
jet at 200 hPa.

In addition, the relationship between BSIC and
EAWM is not stationary. It undergoes interannual
variability as well as interdecadal shifts. A detailed
understanding of ice–atmosphere interactions is a nec-
essary pursuit for further investigation.
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