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Using the NCEP/NCAR and JRA-25 monthly analysis data from 1979 to 2011, this paper analyzes the interdecadal variations of 
winter (Dec.–Feb.) mean surface air temperature (SAT) over East Asia by means of the empirical orthogonal function (EOF) 
analysis method. Two dominant modes were extracted, with the leading mode basically depicting a sign consistent SAT variation 
and the second mode describing a meridional dipole structure between the northern and southern parts of East Asia. These two 
modes can explain more than 60% of the variance. The leading mode is closely related to the intensity of Siberian high and the 
East Asian winter monsoon. The second mode exhibits a notable interdecadal shift in the late 1990s, with a turning point around 
1996/1997. Winter SAT in the northern (southern) part of East Asia tends to be cooler (warmer) since the late 1990. Winter sea 
level pressure (SLP) differences between 1997–2011 and 1979–1996 show negative (positive) anomalies over southern (northern) 
Eurasia. At 500-hPa, an anomalous blocking high occurs over northern Eurasia, while a cyclone anomaly appears over northern 
East Asia. In addition, the upper-level East Asian jet stream tends to shift northward and become stronger after the late 1990. In-
deed, the interdecadal shift of winter SAT over East Asia is dynamical consistent with changes of the large-scale atmospheric 
circulation in the late 1990s. The result indicates that previous autumn sea surface temperature (SST) in the North Atlantic Ocean, 
the Northern Indian Ocean and the western North Pacific Ocean, as well as sea ice concentration (SIC) in the northern Eurasia 
marginal seas and the Beaufort Sea also experienced obvious changes in the late 1990s. In particular, the interdecadal shifts of 
both SST in the North Atlantic Ocean and SIC in the Arctic Ocean and its marginal seas are well coherent with that of the winter 
SAT over East Asia. The results indicate that the interdecadal shift of East Asian winter SAT may be related to changes in the 
North Atlantic SST and the Arctic SIC in the late 1990s. 
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Previous studies demonstrated that there are many factors to 
affect East Asian winter surface air temperature (SAT) vari-
ations, such as atmospheric circulation, sea surface temper-
ature (SST), snow cover and Arctic sea ice concentration 
(SIC), etc. Thus mechanisms for SAT variations are com-
plicated [1–4]. To better understand possible cause-effect 
associations and seek potential predictors for winter SAT 
variability, it is necessary to investigate dominant features 
of its variability in global warming environment. 

In fact, interannual variations of winter SAT over East 

Asia and their causes have been investigated extensively. 
Guo [5] pointed out that East Asian winter SAT was directly 
affected by the East Asian winter monsoon. Ding [6] sug-
gested that the strength and location of winter Siberian high 
(SH) had substantial impacts on winter SAT. Mao et al. [7] 
indicated that the East Asian winter SAT would be higher 
(lower) than the normal in association with strengthened 
(weakened) westerlies. Additionally, Arctic Oscillation (AO), 
North Pacific Oscillation, North Atlantic Oscillation (NAO) 
and Eurasian wave-train pattern also influence SAT [8–12]. 
In general, atmospheric circulation anomalies are intimately 
related to various kinds of external forcing factors. For   
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instance, SST anomalies over the Pacific Ocean, the Indian 
Ocean and the Atlantic Ocean have significant impact on the 
East Asian winter monsoon and SAT [2,13,14]. Eurasian 
snow cover anomalies can directly influence the East Asian 
winter SAT [15]. Besides, there is a close link between the 
Arctic SIC anomalies and the East Asian winter SAT 
[16–18]. 

Recently, lots of research have analyzed the long-term 
variations of East Asian winter SAT, indicating that the 
SAT had a notable interdecadal shift in the late 1970s, and 
increased markedly after that [19,20]. Many studies, from 
different perspectives, discussed the physical causes of the 
interdecadal variations in winter SAT over East Asia. And 
they stated that the East Asian winter SAT variability had 
relations with interdecadal variations of many other meteor-
ological elements in the climate system, such as sea level 
pressure (SLP) over the North Pacific Ocean [21], AO and 
North Atlantic Oscillation (NAO) [22,23], the Northern 
Hemisphere winter Hadley Circulation [24], westerly circu-
lation in winter [25], East Asian winter monsoon [26], SST 
over the Pacific Ocean [27], etc. In addition, the greenhouse 
effect, solar activity, volcanic activity and human activities 
may contribute to the interdecadal variation of the East 
Asian winter SAT in the late 1970s as well [28,29]. 

As mentioned above, the interdecadal variation of East 
Asian winter SAT in the late 1970s and its possible causes 
have been discussed extensively. On the basis of previous 
researches, this paper will aim to investigate interdecadal 
variations of the East Asian winter SAT for the period of 
1979– 2011. To more clearly reveal the possible reasons for 
the interdecadal shift of East Asian winter SAT, we further 
analyze anomalies of atmospheric circulation and external 
forcing in this study. 

1  Data and methods 

The data used in this study include (1) the monthly mean 
SAT, SLP, 500-hPa geopotential height and 200-hPa zonal 
wind field from 1979 to 2011, which were obtained from 
the National Center for Environmental Prediction and the 
National Center for Atmospheric Research (NCEP/NCAR) 
reanalysis I datasets [30]; (2) the monthly mean SIC and 
SST dataset (1°×1°) for the period of 1979–2011, obtained 
from the British Atmospheric Data Centre (BADC, http:// 
www.metoffice.gov.uk/hadobs/hadisst/data/download.html); 
and (3) the monthly mean SAT from 1979 to 2011, obtained 
from Japanese 25-year reanalysis (JRA-25) datasets (http://ds. 
data.jma.go.jp/gmd/jra/download/data/MonthFinal/anl_p25/) 
[31]. In this paper, winter season is from December to Feb-
ruary, and autumn season is from September to November. 
The intensity of SH is defined as averaged winter SLP in the 
domain of (40°–60°N, 80°–120°E) [32]. In addition, the 
global climate system had an obvious interdecadal shift in 
the late 1970s [19,20], and meanwhile, the Arctic SIC  

dataset assimilated satellite data after 1979 [33]. Moreover, 
much of the previous research pointed out that the NCEP/ 
NCAR reanalysis I and JRA-25 data were more applicable 
after 1979 [34]. Thus, the study period was chosen from 
1979 to 2011 in this paper. 

The common statistical techniques such as composite 
analysis, regression analysis and empirical orthogonal func-
tion (EOF) are employed in this study. And the abrupt change 
detection methods including moving t-test and Mann-Kendall 
(M-K) test are applied as well. 

2  The main variations of East Asian winter SAT 

East Asia is located in the southeastern area of Eurasia, with 
complex and diverse terrain, which borders on the Pacific 
Ocean in the east, and close to the southwest of the world’s 
largest plateau named the Qinghai-Tibet Plateau. The unique 
geographical features of East Asia result in its particular 
climate characteristics, and make this area one of the most 
severe and complex climate variability areas in the world 
[35]. In order to analyze dominant modes of the East Asian 
winter SAT variability, an EOF analysis is applied to winter 
monthly mean SAT in the domain 90°–140°E, 20°–50°N 
during the period of 1979–2011. Variance contribution rates 
of the first two modes are 42.03% and 18.29%, respectively. 
And they can be well discriminated according to the crite-
rion proposed by North [36]. 

The spatial distribution of the leading mode (EOF1) of 
the East Asian winter SAT, and its corresponding time se-
ries (PC1) is shown in Figure 1. It can be seen that the spa-
tial distribution of EOF1 is characterized by positive SAT 
anomalies in most parts of East Asia except the southwest 
region, indicating consistent warming or cooling in winter. 
Among that, areas exhibiting the largest SAT variations are 
mainly located in North China and its coastal regions (Fig-
ure 1(a)). The PC1 presents a characteristic of remarkable 
interdecadal variation shown in Figure 1(b), that is, negative 
phases prevailed before the mid 1980s, followed by positive 
phases from the mid 1980s to the beginning of 21st century, 
and then turned to negative phases with a downward trend. 
These results imply that the East Asian winter SAT is cool-
ing before the mid 1980s, and turns to be warming from the 
mid 1980s to the early 21st century, then begins to decrease, 
relatively. Further analysis indicates that PC1 is signifi-
cantly correlated with the winter SH (r=0.81, the correla-
tion coefficient is 0.84 after removing their trends) (not 
shown). In addition, to explore the winter atmospheric cir-
culation anomalies associated with the interannual variation 
of East Asian winter SAT, a linear regression analysis is 
performed on the de-trended PC1 (not shown). It is evident 
that when PC1 is low, the associated circulation anomalies 
favor cold air breaking out southward from high latitudes, 
leading to negative SAT anomalies over the mid-high lati-
tudes of East Asia. Namely, the positive (negative) phases  
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Figure 1  The spatial distribution (a) and standardized time series (b) of the leading mode of East Asian winter SAT derived from NCEP/NCAR reanalysis 
for 1979–2011.

of PC1 correspond to the positive (negative) SAT anomalies 
over the mid-high latitudes of East Asia. The above results 
consistently show that EOF1 is closely related to the strength 
of SH and the East Asian winter monsoon system, which 
agree well with the previous studies [5,18,37]. 

Since many previous studies have investigated the leading 
mode (EOF1) of East Asian winter SAT variability and its 
possible mechanism [18–20], we will mainly aim to discuss 
the second mode (EOF2). As is shown in Figure 2(a), the 
spatial distribution of EOF2 presents a north-south opposing 
variation, indicating that when SAT in northern part of East 
Asia is cold (warm) anomaly, and the opposite SAT anomaly 
is observed in southern part of East Asia. The corresponding 
time series (PC2) demonstrates a noticeable interdecadal 

variability, with change of sign from negative to positive in 
the late 1990s, as shown in Figure 2(b). It is evident that 
negative phases prevailed during 1979–1996 (the mean 
value is 0.66) and followed by positive phases since 1997 
(the mean value is 0.79). In order to detect the climate tran-
sition of East Asian winter SAT (EOF2) in the late 1990s, a 
cumulative deviation time series and the moving t-test 
method are performed on the PC2 (Figure 3(a)–(b)). These 
analysis results show that the transition of PC2 occurred at 
around 1996/1997. The Mann-Kendall test is also applied to 
the PC2, further confirming that “1996/1997” is a turning 
point at the 95% significant test (not shown). It implies that 
before 1997 positive (negative) SAT anomalies occupied the 
northern (southern) part of East Asia, and then were replaced  

 
Figure 2  (a)–(b) Same as in Figure 1, but for the second mode; (c)–(d) as in (a)–(b), but for the results derived from the JRA-25 reanalysis data.  
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Figure 3  (a) Accumulative anomaly curve and (b) moving t-test of the time series of the second mode of East Asian winter surface air temperature for 
1979–2011. Dots and circles in (a) represent the NCEP/NCAR and JRA-25 reanalysis data, respectively. Dots and circles in (b) represent 7- and 9-year run-
ning means, and the short and long dashed lines denote significance exceeding the 95% and 99% significant tests, respectively.  

by negative (positive) SAT anomalies since 1997. Similar 
interdecadal variation analysis (Figure 2(c)–(d)) and turning 
point (Figure 3(a)) of the second mode can also be detected 
from the JRA-25 data. Furthermore, composite analysis is 
performed on the East Asian winter SAT for the period of 
1997–2011 and 1979–1996 by using the two reanalysis da-
tasets. As shown in Figure 4, the SAT anomalous pattern 
over East Asia displays a notable “south-positive-north-nega-     
tive” dipole structure, resembling the spatial distribution of 
EOF2 shown in Figure 2(a). These results further confirm 
that there is a significant interdecadal shift in winter SAT 
variations over East Asia in the late 1990s.  

Recent studies also show that other meteorological ele-
ments in climate system also had similar interdecadal varia-
tions in the late 1990s. For example, the center Arctic pat-
tern of the Arctic summer surface wind field variability also 
experienced a transition from cyclonic to anticyclonic sur-
face wind anomalies at around 1996/1997 [38]. And the 
atmospheric vorticity index over the center Arctic Ocean to 
the north of the Laptev Sea showed a negative trend after 
1990 and became negative after 1996 [39]. The summer 
precipitation over Eastern China switched from a meridio-
nal triple pattern to a dipole pattern around the late 1990s as 
well [40]. All of the above are dynamically consistent with  

our results here.  

3  Atmospheric circulation anomalies associated 
with the interdecadal variation of East Asian 
winter SAT 

In order to explore the characteristics of atmospheric circu-
lation variability associated with the interdecadal variation 
of East Asian winter SAT in the late 1990s, a composite 
analysis is performed. Based on the Figure 2(b), we focus 
our attention on two periods: 1997–2011 and 1979–1996. 
Differences in atmospheric circulation between the former 
and latter periods are presented, as shown in Figure 5(a)–(c). 
All the atmospheric circulation variables are derived from 
the NCEP/NCAR reanalysis data. The results document that 
significantly positive SLP anomalies occur in northern Eur-
asia, and there is an anomalous center close to the Kara Sea 
(Figure 5(a)), which makes northerlies strengthened, leading 
to the southward expansion of the cold air from high lati-
tudes and negative SAT anomalies over Northeast Asia (not 
shown). The 500-hPa geopotential height differences exhibit 
a clear wave-train pattern, with anticyclonic anomalies over 
northern Eurasia and cyclonic anomalies over the Baikal Lake, 

 

Figure 4  Differences in East Asian winter SAT between 1997–2011 and 1979–1996, (a) derived from the NECP/NCAR reanalysis data, (b) derived from 
the JRA-25 reanalysis data. Purple line presents differences exceeding the 95% significant tests.  
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Figure 5  Differences between 1997–2011 and 1979–1996 in winter (a) mean SLP (hPa); (b) 500-hPa heights (gpm); (c) 200-hPa zonal wind (m/s). The 
shaded areas indicate differences exceeding the 95% significant tests.  

respectively (Figure 5(b)). These would result in strength-
ened northerly anomalies and lower SAT over northern East 
Asia. Compared to the period of 1979–1996, the upper-level 
East Asian jet stream (EAJS) tends to shift northwards and 
become stronger during the period of 1997–2011, which 
obstructs the southward expansion of cold air, leading to 
positive SAT anomalies over the low latitudes of East Asia. 
It is known from our analyses that the circulation anomalies 
over the mid-high latitudes of Eurasia are all favorable for 
the interdecadal variation of East Asian winter SAT in the 
late 1990s.  

4  Possible causes of the interdecadal shift of 
East Asian winter SAT 

As mentioned in Section 3, the interdecadal shift of East 
Asian winter SAT in the late 1990s has a strong relationship 
with the atmosphere circulation anomalies over the mid- 
high latitudes of Eurasia and East Asia. Moreover, interde-
cadal variations of atmosphere circulation are a result of the 
interaction among many different factors, especially the 
external forcing factors [41]. For instance, the interdecadal 
variations of Arctic SIC and SST could cause interdecadal 
shifts of atmospheric circulation over local and the North 
Atlantic Ocean [42,43]. In order to investigate the possible 
causes of the interdecadal shift of East Asian winter SAT in 
the late 1990s, we analyze the interdecadal shift of SST and 
SIC in previous autumn in this section. 

4.1  SST anomalies in preceding autumn 

With characteristics of high thermal capacity and slow varia-
tion, ocean is the main driving factor for the interannual, in-
terdecadal variability or even longer-term change of atmos-
pheric circulation. Wang et al. [44] showed that although the 
extent and magnitude of SST anomalies were not at a large 
degree, they were still important trigger factors for climate 
variability. Thereby, it is necessary to explore the possible 

effects of previous autumn SST anomalies on the interde-
cadal shift of East Asian winter SAT in the late 1990s.  

Figure 6 shows the differences of autumn mean SST be-
tween 1997–2011 and 1979–1996. It is evident that there 
are significantly positive SST anomalies in the Arctic Ocean, 
the North Indian Ocean, the North Atlantic Ocean and the 
western North Pacific Ocean, implying that interdecadal 
shifts in SST in those areas consistently occurred. To extract 
dominant modes in the North Atlantic Ocean SST variabil-
ity, an EOF analysis is applied to previous autumn monthly 
mean SST in the domain 0°–60°N and 80°W–0°E during 
the period 1979–2011. The leading mode exhibits a uniform 
feature with positive anomalies in the North Atlantic Ocean 
(Figure 7(a)), and shows a great similarity to the spatial 
distribution shown in Figure 6, indicating consistent warm-
ing or cooling in this area. Correspondingly, an apparent 
interdecadal shift of the standard time series could be ob-
served in the late 1990s (Figure 7(b)). It also demonstrates 
the dominance of the leading SST mode with a mean nega-
tive phase until 1996, followed by a mean positive phase 
since 1997. A further analysis indicates that the cumulative 
deviation time series of the leading SST mode (not shown) 
reaches its lowest value in the winter of 1996/1997, implying  

 
Figure 6  Differences in autumn mean SST (K) between 1997–2011 and 
1979–1996. Shading areas indicate differences exceeding the 95% signifi-
cant tests.  
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Figure 7  The spatial distribution (a) and standardized time series (b) of the leading EOF mode of the autumn mean SST in the North Atlantic Ocean for 
1979–2011. 

that this year may be a turning point of abrupt change. Like-
wise, very similar results analyzed by the M-K test method 
are also observed (not shown). Combined with Figure 7(a), 
we can find that the preceding autumn mean SST in the 
North Atlantic Ocean was mainly colder than the normal 
before the winter of 1996/1997, then turned to warmer after 
that. Additionally, by the same way to analyze SST over the 
Arctic Ocean, the North Indian Ocean and the western 
North Pacific Ocean, we also find that the turning points of 
SST interdecadal variations in these areas consistently oc-
curred around the late 1990s, which were in agreement with 
the result of Xiao and Li [45]. 

Previous studies have pointed out that a successive au-
tumn-winter positive SST anomalies in the East Arctic 
Ocean and the Greenland-Barents-Kara Seas (particularly in 
the northern North Atlantic Ocean) caused winter positive 
SLP anomalies over northern Eurasia and the northern North 
Atlantic Ocean. And these SST anomalies led to a strength-
ened SH and weakened westerlies over the mid-high lati-
tudes of Eurasia. The weakened westerlies favored cold air’s 
breaking out southward from high latitudes, leading to neg-
ative SAT anomalies over the mid-high latitudes of East 
Asia [18]. An upper wave-train-like anomaly chain across 
the North Atlantic Ocean and coastal Europe was triggered 
by the early winter western North Atlantic SST anomalies, 
resulting in a positive geopotential height anomaly over the 
Urals, then affecting the East Asian winter SAT [46]. 
Meanwhile, the Atlantic Multidecadal Oscillation (AMO) 
also had a notable modulating role to the interdecadal varia-
bility of East Asian winter monsoon climate, indicating that 
the northwest Atlantic SST anomalies played an important 
role in the interdecadal variations of East Asian winter SAT 
[47]. Moreover, positive SST anomalies in the western 
North Pacific Ocean during early autumn could enlarge the 
zonal heat difference between land and sea, then strength-
ened the northerly, favoring cold air’s breaking out south-
ward from high latitudes. On the contrary, positive SST 
anomalies in the North Indian Ocean resulted in obstructing 

cold air’s breaking out southward from high latitudes. Such 
a discrepancy is reasonable, because the positive SST 
anomalies in the North Indian Ocean could enhance the me-
ridional heat difference between the land and the sea, thus 
strengthened the westerlies. In recent decades, the combin-
ing effects of the positive SST anomalies in North Indian 
Ocean and the western North Pacific Ocean are beneficial to 
the emergence of East Asian SAT distribution pattern, that 
is positive in the south and negative in the north. From the 
conclusion mentioned above, it can be surmised that the pre-
vious autumn SST anomalies in the Arctic Ocean, the North 
Atlantic Ocean, the North Indian Ocean and the western 
North Pacific Ocean might cause a large impact on the in-
terdecadal shift of East Asian winter SAT in the late 1990s. 

4.2  Arctic SIC anomalies in preceding autumn 

As one of the important parts and sensitive factors in the 
climatic system, the Arctic SIC also plays a role in influ-
encing East Asian climate [18,48,49]. Thus, we will analyze 
the possible reasons why the Arctic SIC anomalies in pre-
ceding autumn affect the interdecadal shift of East Asian 
winter SAT in the late 1990s. 

The spatial distribution of previous autumn Arctic SIC 
differences and its t-test between 1997–2011 and 1979– 
1996 are shown in Figure 8. It is found that significant neg-
ative SIC anomalies are mainly in the eastern Arctic Ocean, 
Arctic Eurasian marginal seas, the Beaufort Sea, etc. In or-
der to extract dominant patterns of the Arctic SIC variability, 
an EOF analysis is applied to autumn monthly mean SIC 
over the Arctic during the period 1979–2011. The spatial 
distribution of the leading SIC mode is characterized by 
consistent variation (Figure 9(a)), which is similar to SIC 
differences shown in Figure 8(a), but with opposite sign, 
indicating consistent increasing or decreasing of SIC in the 
Arctic Ocean. The corresponding time series has an obvious 
interdecadal variation in the late 1990s (Figure 9(b)). It 
shows the dominance of the leading SIC mode with a mean  
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Figure 8  (a) Differences in autumn mean SIC between 1997–2011 and 1979–1996, (b) as in (a), but for the t-test, shaded areas in (b) indicate the differ-
ences exceeding the 95% significant tests.  

 

Figure 9  Same as in Figure 7, but for the SIC over the Arctic Ocean.  

negative phase until 1996, followed by a mean positive 
phase since 1997, implying that the winter of 1996/1997 
may be a turning point of abrupt change. Likewise, very 
similar results demonstrated by M-K test, moving t-test and 
cumulative deviation were also observed (not shown). And 
the result is also supported by Wu et al. [41]. It means that 
the preceding autumn Arctic SIC indeed appeared a re-
markable interdecadal variation in this period, whose turn-
ing point is the same as the East Asian winter SAT. The 
above results suggest that the interdecadal shift of previous 
autumn Arctic SIC is correlated with the interdecadal varia-
tion of East Asian winter SAT in the late 1990s.  

According to the mechanism proposed to explain the as-
sociation between autumn-winter SIC and the East Asian 
winter SAT [18], we could find that the autumn deceased 
SIC in the Arctic (particularly in the East Arctic Ocean and 
the Barents-Kara Seas) results in positive SAT anomalies 
over the Arctic, which weakens atmospheric thermal gradi-
ents between the Arctic and the mid-high latitudes of Eura-

sia, leading to the weakened westerlies over northern Eura-
sia and the strengthened meridional winds. The strengthened 
meridional winds favor cold air’s breaking out southward 
from high latitudes, leading to negative SAT anomalies over 
northern East Asia and positive SAT anomalies over south-
ern East Asia. Furthermore, the remote response in winter is 
regarded as a stationary Rossby wave generated thermally 
through an anomalous turbulent heat fluxes as a result of 
anomalous ice-cover over the Barents-Kara Seas in preced-
ing autumn, which tends to induce an amplification of the 
SH, then causes colder conditions over East Asia [17]. 
Therefore, it could be assumed that the interdecadal shift of 
East Asian winter SAT in the late 1990s may result from the 
significant decrease of the previous autumn Arctic SIC. In 
addition, it is noteworthy that winter SIC variability also has 
an important influence on the East Asian winter SAT. For 
example, due to a weak SST gradient in the Barents Sea, 
atmospheric baroclinicity is lower in the light ice years, 
which prevents cyclones from moving eastward. And this 
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could lead to fewer cyclones and anticyclone anomalies 
occupy over the Siberian coast, hence tending to be colder 
in winter over East Asia [50]. Additionally, the heavy (light) 
ice-cover over the Barents-Kara Seas in winter resulted in 
positive (negative) SLP anomalies, and weakened (strength-      
ened) the cold high pressure over Asia as well as SH. At the 
same time, the North Pacific SLP would also increase (de-
crease). As a result, the East Asian winter monsoon weak-
ened (enhanced), which led to the East Asian winter SAT 
anomalies finally [16]. 

5  Discussion and conclusions 

(1) It is indicated by the NCEP/NCAR and JRA-25 rea-
nalysis data that the dominant modes of East Asian winter 
SAT are highly consistent. The leading mode depicts a 
pan-East Asia SAT variation. The second mode describes a 
meridional dipole between the northern and southern parts 
of East Asia, with a turning point around 1996/1997. And it 
exhibits a notable interdecadal shift in the late 1990s, 
namely, the northern (southern) part of East Asia tends to be 
cooler (warmer) during the recent decades.  

(2) Differences in the winter mean SLP between 1997– 
2011 and 1979–1996 show a negative (positive) anomaly 
over southern (northern) Eurasia. And the 500-hPa height 
differences exhibit a clear wave-train pattern, with signifi-
cant anticyclonic anomalies over northern Eurasia and cy-
clonic anomalies over the Baikal Lake. In addition, com-
pared to the period 1979–1996, the EAJS tends to be inten-
sified and located northward during the period 1997–2011. 
It is thus clear that the interdecadal shift of East Asia winter 
SAT is likely coupled with the changes of the large-scale 
atmospheric circulation in the late 1990s. 

(3) Additionally, the preceding autumn SST and SIC dif-
ferences between 1997–2011 and 1979–1996 show positive 
SST anomalies over the Arctic Ocean, the North Atlantic 
Ocean, the North Indian Ocean and the western North Pa-
cific Ocean, and negative SIC anomalies over the northern 
Eurasia marginal seas and the Beaufort Sea. 

Further analysis indicates that the interdecadal shifts of 
SST over the North Atlantic Ocean and SIC over the Arctic 
are both well coherent with that of the winter SAT over East 
Asia. Therefore, the interdecadal shift of East Asian winter 
SAT may be related to the changes in SST over the North 
Atlantic Ocean and SIC over the Arctic in the late 1990s. 
Additionally, previous autumn Eurasian snow cover may 
also have substantial effect on the East Asian winter SAT. 
And its influence is intimately related to the interaction be-
tween troposphere and stratosphere [15]. As the Eurasian 
snow cover has not experienced apparent changes in the late 
1990s, it is difficult for us to explain how the Eurasian snow 
cover influenced the interdecadal shift of East Asian winter 
SAT. In addition, human activities may also be a possible 
reason for the interdecadal shift of East Asian winter SAT 

in the late 1990s. For instance, it can cause the increase of 
greenhouse gases, leading to enhancement of global warm-
ing, which particularly increases the SAT over the Arctic 
gives rise to light SIC, and in the result makes the East 
Asian winter SAT down. However, the process that human 
activities influence the East Asian winter SAT is very com-
plex, so it is hard to directly detect and distinguish the mag-
nitude of the influence by limited observation data. 

In this study, conclusions are limited to the results of sta-
tistical analysis. Apparently, the mechanisms responsible 
for the effects of preceding autumn SICs and SSTs on win-
ter SAT over East Asia and their relative roles deserve fur-
ther investigation via using observations and simulation 
experiments in the future. 
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