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The intensity of the winter Siberian High has significantly negative correlations with Arctic sea ice concentration anomalies from 
the previous autumn to winter seasons in the Eastern Arctic Ocean and Siberian marginal seas. Our results indicate that au-
tumn-winter Arctic sea ice concentration and concurrent sea surface temperature anomalies are responsible for the winter Siberian 
High and surface air temperature anomalies over the mid-high latitudes of Eurasia and East Asia. Numerical experiments also 
support this conclusion, and consistently show that the low sea ice concentration causes negative surface air temperature anoma-
lies over the mid-high latitudes of Eurasia. A mechanism is proposed to explain the association between autumn-winter sea ice 
concentration and winter Siberian High. Our results also show that September sea ice concentration provides a potential precursor 
for winter Siberian High that cannot be predicted using only tropical sea surface temperatures. In the last two decades 
(1990–2009), a strengthening trend of winter Siberian High along with a decline trend in surface air temperature in the mid-high 
latitudes of the Asian Continent have favored the recent frequent cold winters over East Asia. The reason for these short-term 
trends in winter Siberian High and surface air temperature are discussed.  
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Ongoing global warming has resulted in Arctic warming 
and summer sea ice reductions. This trend has been evident 
particularly since the rapid declines in summer Arctic sea 
ice starting in the late 1990s. Decreases in Arctic sea ice 
have enhanced Arctic warming [1,2], and affected climate 
variation far away through positive/negative feedbacks on 
the atmosphere [3–8]. Recently, Eurasia has experienced 
frequent cold winters and extreme snowfall/rainfall events, 
as well as Arctic sea ice reductions. Previous studies have 
indicated that the Eurasian frequent cold winters are closely 
associated with decreases in autumn-winter Arctic sea ice 
[9,10]. Francis et al. [11] showed that September sea ice 
extent is associated with large-scale atmospheric circulation 
anomalies during winter. Honda et al. [8] further indicated 
that significant cold anomalies over the Far East in early 
winter and zonal cold anomalies from Europe to the Far 
East in late winter are associated with a decrease in Arctic 

sea ice in the previous September, which tends to strengthen 
the Siberian High (SH). Observational evidence has shown 
that a winter heavy sea ice in the Barents-Kara seas is asso-
ciated with less cold air activities in China and weakened 
East Asian winter monsoon [9]. These results have been 
supported by the simulation experiments of Petoukhov and 
Semenov [10].  

Winter SH significantly influences East Asian climate 
[12,13], and its intensity can be regarded as an independent 
index of East Asian winter monsoon (EAWM) variability 
[14]. Because the winter SH is associated with cold air ac-
tivities originating from northern high latitudes and North 
Atlantic Oscillation (NAO)/Arctic Oscillation (AO), it pro-
vides a connection between the Arctic and East Asian cli-
mate variations [15,16]. Results from Wu et al. [14] may 
imply that tropical sea surface temperature (SST) anomalies 
cannot be regarded as reliable indicators to predict the SH. 
Thus, this study aims to provide a method to predict the 
winter SH. In addition, this research investigates the possi-
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ble reason for the recent frequent cold winters. Specifically, 
we stress the connection between autumn-winter Arctic sea 
ice and the winter SH. We show that the September Arctic 
sea ice concentration (SIC) provides a precursor for the 
winter SH, and a short-term strengthening of winter mean 
SLP in northern Eurasia is responsible for the recent fre-
quent cold winters.  

It should be noted that this study differs from several 
previous studies [8–11]. Francis et al. [11] did not investi-
gate the association between Arctic September sea ice and 
the winter SH. Based on observations and simulations with 
prescribed Arctic SICs, Honda et al. [8] explored lag effects 
of September SICs on atmospheric circulation and they 
stressed the effects on air temperature in early winter (De-
cember) and late winter (February) (see their Figure 2) and 
on sea level pressure in particular November and December 
months (see their Figure 3). Thus, Honda et al. [8] also did 
not investigate effects of September sea ice on the winter 
SH. Through sensitivity experiments with prescribed SICs, 
Petoukhov and Semenov [10] investigated the influence of 
decreased winter SICs in the Barents-Kara seas on winter 
circulation. Balmaseda et al. [17] suggested that the effect 
of Arctic sea ice on the atmosphere strongly depends on 
SSTs. In addition, they suggested that atmospheric sensitiv-
ity to sea ice anomalies under climatological or idealized 
SST conditions may not be relevant to assess the effect of 
sea ice anomalies in specific years. Consequently, in fore-
casting, it is necessary to consider the combined effects of 
both sea ice and SSTs on the atmosphere. 

1  Data 

The data used in this study include: the Arctic SIC dataset 
(1°×1°) for the period from 1979 to May 2010, obtained 
from the British Atmospheric Data Centre (BADC, http://badc. 
nerc.ac.uk/data/hadisst/); the monthly mean sea level pres-
sure (SLP), surface air temperature (SAT) and the 500 hPa 

geopotential height from 1979 to June 2010, obtained from 
NCEP/NCAR re-analysis I and Japanese Re-analysis (JRA-25) 
data (http://ds.data.jma.go.jp/gmd/jra/download/data/Month-    
Final/anl_p25/) [18]; the monthly mean SST (2°×2°) from 
1979 to May 2010 (http://dss.ucar.edu/datasets/ds277.0/) 
[19]; the monthly mean SLP data at three stations (Fuyun: 
46.59°N, 89.31°E; Tieganlike: 40.38°N, 87.42°E; Aershan: 
47.10°N, 119.45°E) in China for the period 1979–2009, 
supplied by the Meteorological Information Center of China; 
the monthly mean snow water equivalent (SWE) data ob-
tained from National Snow and Ice Center from 1979 to 
May 2007 (http://nsidc.org/data/nsidc-0271.html) [20], and 
converted to 1°×1° grids; and the land air temperature 
anomalies on a 5° by 5° grid-box basis from 1979 to Octo-
ber 2010 (http://www.cru.uea.ac.uk/cru/data/temperature/). 

In this study, we used the regional-averaged (40–60N, 
80°–120°E) winter (December-February) SLP as the inten-
sity index of the SH, as previously described by Wu and 
Wang [16]. Additionally, the ECHAM5 [21] model (T63 
spectral resolution and 19 pressure levels) was applied to 
explore effects of both SIC and SST on the atmosphere. The 
experiments were performed using observed 30-year (1978– 
2007) monthly mean SST and SIC as the forcing with 12 
different atmospheric initial conditions. 

2  Associations between Arctic SIC and Winter 
SH: Implications for seasonal prediction 

The SH is associated with the spatial evolution of autumn- 
winter Arctic SIC anomalies, as shown in Figure 1. In Sep-
tember, significant negative SIC anomalies were observed 
in the Eastern Arctic, from the northern Barents Sea to the 
northern Laptev Sea and northern Eastern Siberian Sea 
(Figure 1(a)). In October, significant SIC anomalies ap-
peared in the northern Barents Sea and from the Kara Sea to 
the Eastern Siberian Sea, which shifted southward relative 
to those in September (Figure 1(b)). The spatial distribution  

 

Figure 1  (a) Regression maps of previous September SIC on the ensuing winter SH intensity index derived from the JRA re-analysis data. The yellow and 
green areas denote SIC anomalies exceeding the 95% and 99% significance levels, respectively, (b) and (c), the same as in (a), but for the previous October 
and winter, respectively.
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of autumn (October–November) SIC anomalies associated 
with the SH closely resembled those in October (not shown). 
In winter, significant negative SIC anomalies were mainly 
confined to the eastern Greenland Sea and the Barents-Kara 
seas (Figure 1(c)). In fact, the regional-averaged (76.5°– 
83.5°N, 60.5°–149.5°E) September SIC was significantly 
correlated with the winter SIC in the Barents-Kara seas 
(67.5°–80.5°N, 20.5°–80.5°E) (r = 0.66, the correlation was 
0.52 after removing their trends). This indicated that the 
spatial evolution of SIC anomalies exhibited coherent fea-
tures from autumn to winter. Such coherency provides a 
possibility for predicting the SH. Figure 1(c) implies that if 
there were light SICs in the Barents-Kara seas, both the SH 
and EAWM would be strengthened. This is consistent with 
previous studies [9,10]. The regional-averaged September 
SIC was significantly correlated with the SH (r = 0.65, 
after removing their trends, the correlation was 0.60) (Fig-
ure 2). September SIC reached record lows in 1995, 2005, 
and 2007, and the corresponding SH indices exceeded one 
standard deviation, indicating a strong EAWM influencing 
East Asian countries. 

To explore the spatial structure of atmospheric circula-
tion anomalies associated with autumn-winter SIC anoma-
lies, a composite analysis was performed. According to the 
time series of the regional-averaged September SIC shown 
in Figure 2, we selected heavy and light SIC cases. This 
criterion had a standard deviation of > 0.7 or < 0.7. Thus, 
the heavy SIC cases included 1980, 1981, 1986, 1988, 1989, 
1992, 1996, 1998 and 2003, and the light SIC cases were 
1991, 1995, 1999, 2005, 2007, 2008 and 2009. Figure 3 
shows the differences between the heavy and light SIC cas-
es. Significant negative SLP anomalies occupied northern 
Eurasia, and there was a negative anomalous center close to 
the Barents-Kara seas (Figure 3(a)). Such a spatial distribu-
tion of winter SLP anomalies favors more than normal sea 
ice exports into the Greenland-Barents seas, which is con-
sistent with the results shown in Figures 1(c) and 2. Thus, 
heavy autumn SIC cases correspond to a weaker SH relative 
to light SIC cases. At the surface, positive SAT anomalies 
appeared over the mid-high latitudes of Eurasia and East 
Asia with negative SAT anomalies over most of the Arctic  

 

Figure 2  Normalized time series of the winter SH intensity index derived 
from JRA re-analysis data (red) and the previous September regional- 
averaged (76.5°–83.5°N, 60.5°–149.5°E) SIC (blue). 

Ocean, the Greenland-Barents-Kara seas, and northern 
North Atlantic (Figure 3(b)). Significant negative SAT anoma-
lies over the Greenland-Barents-Kara seas reflected a direct 
effect of sea ice. The spatial distribution of winter SAT 
anomalies was dynamically consistent with anomalous sur-
face winds (not shown). Southerly anomalies caused posi-
tive SAT anomalies over the Asian Continent, while nor-
therly anomalies over the Greenland-Barents seas resulted 
in lower SAT and increased sea ice exports. At 500 hPa, 
height differences exhibited a teleconnection pattern with 
three anomalous centers over Western Europe, the Barents 
Sea, and south of Baikal (Figure 3(c)). These results imply 
that if there are heavy autumn SICs in the Eastern Arctic 
from the northern Barents Sea to the northern Laptev Sea, 
positive SAT anomalies over East Asia and weakened SH 
and EAWM would be expected in the following winter. 
Likewise, very similar results derived from NCEP/NCAR 
re-analysis data were also observed (not shown).  

In fact, Arctic SIC anomalies were concurrent with SST 
anomalies. In September, compared with light SIC cases, 
heavy SIC cases corresponded to colder SSTs in the North 
Atlantic, northern and northwestern Pacific, and Arctic 
Eurasian marginal seas (Figure 3(d)). Similar results were 
observed in autumn (Figure 3(e)). In winter, significant 
negative SST anomalies mainly occurred in the East Asian 
marginal seas, the northern North Atlantic, and the Green-
land-Barents seas (Figure 3(f)). Thus, to simulate the ob-
served winter SLP and SAT anomalies over Eurasia, we 
used realistic SST and SIC data as the forcing from 1978 to 
2007 with 12 different atmospheric initial conditions. Each 
experiment includes 9 heavy (1980, 1981, 1986, 1988, 1989, 
1992, 1996, 1998, and 2003) and 4 light (1991, 1995, 1999, 
and 2005) SIC cases (Figure 2, its standard deviation of > 0.7 
or < 0.7). Simulated differences in winter mean SAT be-
tween heavy and light SIC cases (heavy: 108 cases; light: 48 
cases) are shown in Figure 3(g). Compared with light SIC 
cases, heavy SIC cases resulted in weak positive SAT 
anomalies over Europe and East Asia, with significant neg-
ative SAT anomalies over the North Atlantic, Northern Pa-
cific, and Eurasian marginal seas. The largest negative SAT 
anomalies emerge over the Greenland-Barents seas, reflect-
ing the effect of sea ice on SAT. In contrast to these obser-
vations (Figure 3(a)), the simulated differences in winter 
mean SLP show positive SLP anomalies over most of 
northern Eurasia (not shown). Such a discrepancy is rea-
sonable, because the large-scale response depends on inter-
actions between the anomalous surface fluxes associated 
with SST and SIC forcing, and the large-scale circulation 
(or initial conditions) [3,4]. Additionally, other processes, 
such as Eurasian snow cover, also influenced atmospheric 
circulation. A further analysis indicated that there were only 
four experiments that, to a great extent, could capture the 
observed winter SLP and SAT anomalies. Thus, we only 
analyzed the four experiments, as shown in Figure 3(h) and 
(i). Compared with light SIC cases, heavy SIC cases lead to  
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Figure 3  (a) Differences in winter mean SLP between heavy (1980, 1981, 1986, 1988, 1989, 1992, 1996, 1998, and 2003) and light (1991, 1995, 1999, 
2005, 2007, 2008, and 2009) September SIC cases, derived from JRA re-analysis data, (b) and (c) are the same as in (a), but for SAT and 500 hPa heights, 
respectively, (d)–(f) are the same as in (a) except for SST differences in (d) September, (e) autumn and (f) winter, (g) differences in the winter mean SAT 
between heavy (1980, 1981, 1986, 1988, 1989, 1992, 1996, 1998, and 2003) and light (1991, 1995, 1999, and 2005) September SIC derived from 12 experi-
ments with the realistic SIC and SST as the forcing during 1978 to 2007; (h) and (i) are the same as in (g) except for winter SLP and SAT, respectively, 
derived from four experiments. The yellow and green areas denote differences exceeding the 95% and 99% significance levels, respectively. 

negative SLP anomalies over northern Eurasia and the en-
tire Arctic, indicating a positive phase of the winter AO. 
Meanwhile, positive SAT anomalies were observed over 
northern Eurasia and East Asia, which is consistent with 
observations shown in Figure 2(a). On the other hand, all 
experiments consistently showed that light SIC cases re-
sulted in negative SAT anomalies over the mid-high lati-
tudes of Eurasia (not shown). The experimental results im-
ply that the effects of both autumn-winters SIC and SST on 
winter SAT are robust. Thus, September SIC provided a 
precursor for predicting the SH and EAWM.  

To further analyze winter atmospheric circulation anom-
alies associated with the previous September SIC, a linear 
regression analysis was performed on the de-trended Sep-
tember SIC, as shown in Figure 4. It is evident that negative 

SLP anomalies occurred in northern Eurasia, and there was 
an anomalous center over northern Europe (Figure 4(a)), 
resembling the composite analysis shown in Figure 3(a). At 
the surface, negative SAT anomalies were mainly confined 
to the Nordic-Barents-Kara seas with concurrent positive 
SAT anomalies over the mid-high latitudes of Eurasia, East 
Asia and its marginal seas (Figure 4(b)). Significant positive 
SAT anomalies occurred over East Asia and part of the 
northwestern Pacific, differing from those in Figure 3(b). 
Results here are consistent with the simulations of Alexan-
der et al. [3], who showed that the feedback of Arctic sea ice 
on the atmosphere is negative in the Atlantic sector. In other 
words, the large-scale response to reduced (enhanced) win-
ter sea ice extent to the east (west) of Greenland resembles 
the negative phase of the AO or NAO, reflecting indirect  
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Figure 4  Regression maps of winter mean (a) SLP, (b) SAT, and (c) 850 hPa zonal winds of JRA re-analysis data, derived from a regression on the 
de-trended regional-averaged September SIC. The yellow and green areas denote anomalies at the 95% and 99% significance levels, respectively. 

effects of sea ice on the atmosphere. Petoukhov and Se-
menov [10] showed that anomalous decreases in winter SIC 
in the Barents-Kara seas result in extreme cold winters. 
Thus, numerical experiments by Honda et al. [8] and Pe-
toukhov and Semenov [10] also support our results.  

A mechanism is proposed to explain the association be-
tween autumn-winter SIC and winter SH/East Asian climate. 
Through the negative feedback process, a successive autumn- 
winter heavy SIC in the Eastern Arctic and the Greenland- 
Barents-Kara seas (opposing to Figure 1) and concurrent 
negative SST anomalies (particularly in the northern North 
Atlantic) (Figure 3(d)–(f)) cause winter negative SLP anoma-
lies over northern Eurasia and the northern North Atlantic 
(Figure 4(a)). These anomalies lead to a weakened SH and 
strengthened westerlies over the mid-high latitudes of Eura-
sia. A regression analysis of winter 850 hPa winds also con-
firmed this suggestion (Figure 4(c)). Furthermore, the au-
tumn-winter heavy SIC results in negative air temperature 
anomalies over the Arctic and strengthened atmospheric 
thermal gradients between the Arctic and the mid-high lati-
tudes of Eurasia, which also strengthens the westerlies over 
northern Eurasia. The strengthened westerlies obstruct cold 
air breaking out southward from high latitudes, leading to 
positive SAT anomalies over the mid-high latitudes of Eur-
asia and East Asia.  

3  Trend of winter SH over the past two decades  

Although the SH index derived from NCEP/NCAR re- 
analysis data is coherent with that derived from JRA re- 
analysis data (their correlation was 0.9), their trends were 
different during the study period. A positive trend in JRA 
data and a small declining trend in NCEP/NCAR data were 
observed (both are not statistically significant; not shown). 
Their 5-year running means exhibited coherent rising trends 
since 1990, as shown in Figure 5. Averaged winter SLP at 
three stations in China (Fuyun: 46.59°N, 89.31°E; Tiegan-
like: 40.38°N, 87.42°E; Aershan: 47.10°N, 119.45°E) also 
displayed a similar evolution. It seems that JRA re-analysis  

 

Figure 5  Five-year running means of the normalized time series: winter 
SH intensity indices. Solid blue: JRA data; dashed blue: NCEP/NCAR 
data), winter mean SLP at three Chinese stations (black), and the region-
al-averaged September SIC (red). 

data were closer to observations relative to NCEP/NCAR 
data. Thus, we only investigated the spatial distribution of 
trends in climate variations over the past two decades (1990– 
2009).  

Winter SLP showed rising trends in high-latitudes, and 
large trends (> 0.3 hPa) appeared over the area from south-
east Greenland northeastward to northern Eurasia (Figure 
6(a)). Regionally, the largest trends occurred in the Barents 
Sea and the southern Kara Sea, where the winter region-
al-averaged SLP (65–75N, 20–80E) had a stronger ris-
ing trend after 1990, relative to the SH. Conversely, there 
was a decreasing trend prior to 1990 (not shown). SLP de-
cline trends were observed in the mid-low latitudes of Eura-
sia, northern Africa, and the North Atlantic. The anomalous 
anticyclone (not shown) associated with a strengthening of 
winter SLP resulted in decreasing trends of SAT over the 
northern Asian Continent, north of 40N. Regionally, the 
largest negative trends appeared in west of Baikal (Figure 
6(b)). Significant SAT warming trends also were found 
from northeastern United States to Greenland, and extend-
ing to the Laptev Sea, with its center over the Barents Sea.  

Positive trends in 500 hPa heights covered most of the 
Arctic region and part of northern Eurasia, whereas negative 
trends occurred in the mid-high latitudes of East Asia (Fig-
ure 6(c)). Similar results also were observed in NCEP/  
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Figure 6  Spatial distribution of winter (a) SLP, (b) SAT, and (c) 500 hPa height trends during the period from 1990 to 2009 derived from JRA re-analysis 
data. Shaded areas represent trends at the 95% significance levels, (d)–(f) are the same as that in (a)–(c), but derived from NCEP/NCAR re-analysis data. 

NCAR re-analysis data (Figure 6(d)–(f)). Compared with 
Figure 6(b), SAT decreasing trends are significant in the mid- 
high latitudes of the Asian Continent (Figure 6(e)). The re-
gional-averaged winter SAT anomalies derived from ob-
servations, JRA and NCEP/NCAR re-analysis data also 
showed a coherent decreasing trend after 1990 (Figure 7), 
which is consistent with the strengthening trend of winter 

SH. Consequently, such a climate trend background has 
favored recent frequent cold winters over Eurasia. Deser 
and Phillips [22] investigated winter atmospheric circulation 
trends from 1950 to 2000, and they showed that coherent 
SLP decreasing trends occurred in the entire Arctic and the 
mid-high latitudes of Eurasia (implying a weakening of SH, 
see their Figure 1), which differed from the results of this  
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Figure 7  Five-year running means of the regional-averaged (42.5– 
67.5N, 67.5–127.5E), marked by the red box shown in Figure 6(b) winter 
SAT anomalies derived from observations (http://www.cru.uea.ac.uk/cru/ 
data/temperature/)(red line) and JRA re-analysis data (blue line). The black 
line is the same as the blue line but derived from NCEP/NCAR re-analysis 
data over the area 42.8564–67.6171N, 67.5–127.5E, marked by the red 
box in Figure 6(e). 

study (i.e. different study periods). 

4  Possible mechanism for identified trends and 
discussion 

The declining trends in autumn (September-November) SIC 
were significant in most of the Arctic Ocean and its margin-
al seas, particularly in the Barents-Kara seas and from the 
Eastern Siberian Sea eastward to the Beaufort Sea (Figure 
8(a)). Significant warming trends in the autumn SST ap-
peared in the North Atlantic and Arctic marginal seas, 
which is consistent with SIC declining trends (Figure 8(b)). 
In the North Atlantic, the trends of >0.04° mainly were con-
fined within 50–70N. SST warming trends at the 99% 
significance level corresponded well to SLP trends > 0.3 hPa 
(Figure 6(a)). In fact, autumn SST also displayed a persis-
tent warming trend after 1990 (Figure 9). The North Atlan-
tic SST anomalies may have a role in forming winter 

blocking-like anomalies over the Ural Mountains [23], 
which causes a strengthened winter SH [24]. Additionally, 
the autumn regional-averaged SWE (40–60N, 60–140E) 
exhibited an increasing trend after 1990, favoring a strength-
ening of the SH [25]. Through numerical experiments, 
Magnusdottir et al. [6] investigated the atmospheric re-
sponse to trends of winter (December–March) Arctic sea ice 
extent from 1958 to 1997, and they found that the realistic 
Arctic sea ice decline trend directly caused positive 500 hPa 
height anomalies over the entire Arctic, with negative 
height anomalies over the North Atlantic and the mid-high 
latitudes of East Asia (see their Figure 3). These patterns are 
consistent with observations (Figure 6(c),(f)). Additionally, 
Deser and Phillips [22] demonstrated that with a realistic SST 
and SIC as the forcing, the simulated winter SLP exhibited 
coherent positive trends in the Arctic and northern Eurasia, 
implying a strengthening of the SH (see their Figure 1). 

Most researchers, including ourselves, have considered 
that atmospheric circulation patterns and centers of action 
were mainly representative of natural variability. Conse-
quently, the short-term trends in the SH and SAT after 1990 
are likely to have been mainly controlled by interdecadal (or 
multidecadal) variability. This hypothesis is supported by 
previous studies [26,27]. Polyakov et al. [27] suggested that 
Atlantic water temperature, Arctic surface air temperature, 
sea ice extent and fast ice thickness in the Siberian marginal 
seas exhibited coherent low-frequency oscillations (LFO) 
on the time scales of 50–80 years, and that short-term trends 
are strongly amplified by the LFO. On the other hand, co-
herent low-frequency fluctuations (or interdecadal variabil-
ity) in the atmosphere-ocean-ice system in the Arctic and 
the North Atlantic requires that SIC anomalies have an im-
portant effect on the atmosphere [28,29]. Investigating the 
effect of Arctic sea ice decline trend on atmosphere trends 
(or interdecadal variability) is beyond the scope of the pre-
sent study.  

 

Figure 8  Spatial distribution of autumn (a) SIC and (b) SST trends during the period from 1990 to 2009, with the yellow and green areas representing the 
trends at the 95% and 99% significance levels, respectively. 
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Figure 9  Five-year running means of the normalized regional-averaged 
autumn SST (red, 48°–66°N, 30°–60°W) and SWE (blue, 40°–60°N, 
60°–140°E). 

Through numerical experiments, Deser et al. [5] has 
shown the response processes of the atmosphere to Arctic 
sea ice/North Atlantic SST forcing. That is, the initial re-
sponse of the atmosphere to the combined forcing is baro-
clinic, and then the response progressively becomes more 
barotropic and increases in both spatial extent and magni-
tude. They indicated that the equilibrium stage of the at-
mospheric adjustment is reached in 2–2.5 months, which is 
consistent with results from the present study. Clearly, the 
precise mechanisms responsible for the effects of autumn 
SICs and SSTs on winter SH and SAT over Asian continent 
and their relative roles deserve further investigation in the 
future using observations and simulation experiments.  

5  Conclusions 

The present study investigates the effect of Arctic SIC on 
the winter SH and SAT over Eurasia through observations 
and numerical experiments. Our findings indicate that the 
winter SH intensity index, defined by the regional-averaged 
SLP, shows significant negative correlations with autumn- 
winter Arctic SIC in Eastern Arctic and Eurasian marginal 
seas. The coherent variations in Arctic SIC from autumn to 
winter provide a possibility for seasonal predictions of the 
winter SH and EAWM. These results indicate that the com-
bined effects of both autumn-winter Arctic SIC and SST 
anomalies are responsible for winter SH and SAT anomalies 
over the mid-high latitudes of Eurasia and East Asia. Nu-
merical experiments also support this conclusion, and con-
sistently show that light SIC cases result in negative SAT 
anomalies over the mid-high latitudes of Eurasia. Results 
show that the September Arctic SIC provides a precursor 
for the winter SH that cannot be predicted using only the 
tropical SST. In the last two decades (1990–2009), a 
strengthening trend of the winter SH, along with SAT de-
creasing trends in the mid-high latitudes of Asia, has fa-
vored frequent cold winters over East Asia. The short-term 
trends have been controlled by interdecadal (or multide-
cadal) variability in which autumn-winter Arctic SIC and 
SST may have important roles.  
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