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This paper analyzes the large-scale atmospheric circulation characteristics of anomalous cases of January temperatures that oc-
curred in Northeast China during 1960–2008 and precursory oceanic conditions. The January monthly mean surface air tempera-
ture (SAT) anomalies and the duration of low temperature are used to define temperature anomaly cases. The anomalous cyclonic 
circulation over northeast Asia strengthens the northerly flow in cold Januarys, while the anomalous anticyclonic circulation 
weakens the northerly flow in the warm Januarys. The negative (positive) North Pacific sea surface temperature anomaly (SSTA) 
and increased (decreased) sea ice concentration in the Barents-Kara seas in the preceding month are probably linked to the cy-
clonic (anticyclonic) circulation pattern over northeast Asia in the cold (warm) cases. Further analyses indicate that the preceding 
oceanic conditions play distinct roles in the SAT anomalies over Northeast China on different time scales. Strong relationships 
exist between North Pacific SSTA and the SAT in Northeast China on the interannual time scale. On the other hand, the sea ice 
concentration is more closely associated with the interdecadal variations of SAT in Northeast China. 

surface air temperature in Northeast China, duration of low temperature, sea surface temperature, sea ice concentration, 
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A number of extremely regional cold winters have occurred 
during a period marked by an overall trend in warming [1,2]. 
Understanding wintertime climate variability in Northeast 
China (NEC) is crucial for improving regional climate pre-
dictability. Severe low temperatures could lead to the col-
lapse of electric networks and seriously damage highway 
and railway transportation systems. The persistence of low 
temperatures would also greatly increase the demand for 
fuel. Thus, much research has investigated the variability of 
wintertime temperature anomalies and their precursors. Be-
cause of the mutual influences of tropical and extratropical 
atmospheric systems, the climate over NEC is characterized 
by many complex features [3,4]. 

The variability of temperature in wintertime has attracted 

increasing attention. Many previous studies have investi-
gated the characteristics of the East Asian winter monsoon 
(EAWM) (e.g. [5,6]). Wu et al. [7] reported that the EAWM 
has two distinct modes, the first of which is closely related 
to several features of the atmospheric circulation over East 
Asia, such as Siberian high (SH). The EAWM has a great 
impact on the surface air temperature (SAT) over eastern 
China. Nevertheless, the wintertime climate in NEC is quite 
different from eastern China and has some local features [8]. 
For example, a severe snowstorm disaster occurred in cen-
tral-eastern China and the eastern part of Northwest China 
in January 2008, while NEC experienced a rather mild win-
ter [9]. The wintertime SAT over NEC shows distinct varia-
tion from the other areas in China, as revealed by the second 
EOF mode of the monthly mean temperature [8]. Thus, the 
variability of the winter temperature in NEC requires further 
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investigation. 
A number of studies have revealed that the SAT could be 

affected by preceding oceanic conditions. As a result of 
altered atmospheric heating, the external forcing likely in-
fluences large-scale circulation, such as quasi-stationary 
waves, the jet stream and the storm track [10]. Some sea 
surface temperature (SST) anomalies could exert some in-
fluence on the wintertime circulation [11–14]. In fact, 
equatorial eastern Pacific SSTs are closely related to the 
second mode of EAWM [7]. The sea ice is another im-
portant type of external forcing [15–17]. The variation of 
winter sea ice extent in the Barents-Kara (B-K) seas is 
closely associated with that of the EU teleconnection pattern 
and the EAWM [18]. September Arctic sea ice concentra-
tion could provide a potential precursor for winter SH [1]. 
Nevertheless, the distinct climatological impacts of different 
external forcing mechanisms remain unclear. 

The circulation anomalies are dependent on the inter-
seasonal variations in background circulation during the 
wintertime [19]. Therefore, we use the January monthly 
mean to discuss the variations of wintertime temperature in 
NEC, associated circulation anomalies and some precursors 
on multiple time scales. 

1  Datasets and method 

The data used in the present study are from NCEP/NCAR 
reanalysis and are on a 2.5°×2.5° latitude-longitude grid 
[20]. Additionally, the study uses sea surface temperature 
(SST) data that have a horizontal resolution of 2.0° latitude 
by 2.0° longitude [21]. The sea ice concentration (SIC) data 
are from the Hadley Center and are on a 1.0°×1.0° grid [22]. 

We used a homogenized daily mean temperature series 
from 1960–2008 with 549 in situ stations, covering all of 
China to represent surface air temperature [23]. Some biases 
due to various non-natural changes have been removed from 
the homogenized dataset. In this paper, we calculated the 
monthly-mean SAT from the daily data. There are 94 ob-
servational stations chosen in NEC (Figure 1), which covers 
Liaoning Province, Jilin Province, Heilongjiang Province 
and the eastern part of Inner Mongolia Autonomous Region. 
The selection covers a wide area and serves to bring out 
large-scale features in our further analyses. 

Additionally, the ECHAM5 model (T42 spectral resolu-
tion and 19 pressure levels, [24]) was applied to explore the 
effects of SSTA on the latter atmosphere circulation. Two 
pairs of experiments were conducted, one with the climato-
logical seasonal cycle of SST (control runs), and the other 
with the observed SSTA added to the climatological SST 
(SSTA runs). The model was integrated for 21 years, and 
the first year was discarded as the spin-up period. 

To distinguish the impact of preceding external forcing 
on different time scales, cross-spectral analysis was utilized. 
Prior to cross-spectral transform, the time series were tapered  

 

Figure 1  The spatial distribution of surface meteorological stations (94 
stations) in Northeast China. 

to reduce spectral leakage. The time period analyzed is dur-
ing 1960–2008, which is consistent with the range of the 
homogenized daily mean temperature series. Here, the win-
ter of 2008 refers to January 2008. In this study, the clima-
tology mean is defined as the average from 1960 to 2008, 
and the anomaly is the departure from this climatology 
mean. Two-sided Student’s t-tests are applied to test the 
significance of the composites, regressions and correlation 
analyses. 

2  Anomalous atmospheric circulations during 
January temperature anomalies 

2.1  Definition and selection of anomalous cases of 
January temperatures 

Anomalous cases of wintertime temperatures in NEC are 
selected by using the January SAT anomalies (Figure 2(a)). 
We define a cold case as a January SAT anomaly in NEC 
less than 0.9 standard deviation. The warm cases were 
selected as contrast cases and are defined as January SAT 
anomalies greater than 0.8 standard deviation. According to 
this definition, we selected 10 cold cases (1960, 1963, 1969, 
1970, 1977, 1980, 1985, 1990, 2000, 2001) and 8 warm 
cases (1983, 1988, 1989, 1992, 1995, 1999, 2002, 2007). 
The average SAT in the cold/warm Januarys is 19.4/13.4 
degrees Celsius, and the difference exceeds a 99% confi-
dence level. The threshold for the selection provides an ad-
equate number of cases and avoids a loss of representative 
cases to the extent possible. The duration of low tempera-
ture is another concern in the wintertime. Figure 2(b) shows 
the number of days in January when the area-averaged SAT 
anomalies are less than 1.0 standard deviation. The aver-
age duration of low temperature in the cold/warm cases is 
11.9/0.5 days, and the difference exceeds a 99% confidence 
level. As a result, the selection has considered both the varia-
bility of SAT anomalies and the duration of low temperature.  
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Figure 2  (a) Normalized time series (1960–2008) of January area-averaged temperature anomalies (°C) in Northeast China and (b) the number of days in 
January when the temperature anomalies are below 1.0 standard deviation. The thick lines represent data smoothed with a 10-year Lanczos filter. The hori-
zontal lines indicate the average values of normalized temperature anomalies in (a) and the duration of low temperature in (b) for 1976–1987 and 1988–1999.  

The high correlation coefficient (0.87) between the varia-
bility of SAT and the duration of low temperature supports 
the above assertion. 

The SAT in NEC is characterized by not only interannual 
variability but also interdecadal fluctuation. The wintertime 
temperature in NEC experienced a significant warming 
during the late 1980s (Figure 2). The average SAT for the 
1976–1987 (1988–1999) period is 17.6 (15.4) degrees 
Celsius, and the average duration of low temperature is 7.55 
(2.76) days in January. The difference between the 1976–1987 
period and 1988–1999 period exceeds a 95% confidence 
level in both the SAT anomalies and the duration of low 
temperature. 

2.2  Atmospheric circulation anomaly patterns 

The January temperature anomalies in NEC are closely con-
nected to circulation at mid to high latitude. Figure 3 pre-
sents the January monthly mean circulation anomalies for 
the SAT anomaly cases. 

The geopotential height anomalies at 500 hPa in the cold 
cases exhibit an anomalous low over northeast Asia, and an 
anomalous high to the north of this region (Figure 3(a)). 
The cyclone anomaly patterns from the upper level to the 
lower level show some fairly baroclinic features. The cyclone 
circulation anomaly shifts southward slightly at 850 hPa 
(Figure 3(c)). In line with the strengthened northerly flow 
from the highlatitude, the significant negative SAT anoma-
lies can be seen over northeast Asia (Figure 3(e)). 

By contrast, a 500-hPa anomalous high covers the north-
east Asia–northwest Pacific region in the warm Januarys 
(Figure 3(b)). The south-westerly anomalies that bring warmer 
Pacific air masses to NEC (Figure 3(d)) are contrasted by 
anomalous north-easterly flows in the cold cases (Figure 
3(c)). These flows produce an overall warming in all of 
northeast Asia (Figure 3(f)). As noted above, the wintertime 
temperature in NEC experienced a significant warming 
during the late 1980s. The circulation exhibits a similar pat-
tern on the interdecadal time scale. An anomalous high oc-
cupied the northeast Asia-northwest Pacific region after  
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Figure 3  Composites of January 500 hPa geopotential height anomalies (gpm) for (a) the cold cases and (b) the warm cases. (c)–(d) Same as in (a)–(b), 
except for the 850 hPa wind (m/s); (e)–(f) same as in (a)–(b), except for the surface air temperature (°C) based on the NCEP/NCAR reanalysis dataset. The 
dark (light) shading denotes the regions that exceed the 99% (95%) confidence level. 

1987, and the synchronous northerly flow was weakened 
(figure not shown). 

3  Teleconnection between January temperature 
anomalies and their precursors 

3.1  Sea surface temperature anomalies in the preceding 
month 

The above section discussed the circulation anomaly patterns 
over northeast Asia that may be responsible for the variability 
of SAT in NEC. Going forward, it is imperative that we ex-
amine what forces cause the change in atmospheric anomalies. 

Figure 4(a) presents the difference of SSTA in the pre-
ceding December between two groups of SAT anomaly 
cases (the warm cases minus the cold cases). The significant 
SSTA is mainly over the northern Pacific Ocean (30°–40°N, 
150°E–180°). The cold (warm) SST is associated with the 
negative (positive) January SAT anomalies in NEC. To fur-
ther analyze atmospheric circulation anomalies associated 
with the previous December SSTAs, a linear regression 
analysis was performed on the December SST, as shown in 
Figure 5(a),(c). The cold (warm) SSTs are related to the 
anomalous low (high) at 500 hPa (Figure 5(a)) and strength-
ened (weakened) the northerly winds at 850 hPa (Figure 

5(c)) over the northeast Asia. This finding suggests that the 
SSTA may exert some influence on the temperature anoma-
lies in NEC by means of the circulation anomalies over 
northeast Asia. 

We further examine the link between the circulation 
anomaly patterns and the preceding northern Pacific SSTA 
by using the ECHAM5 model. Figure 6 shows the differ-
ence of circulation patterns between the SSTA and the con-
trol runs. After we imposed the positive northern Pacific 
SSTA, the modeled atmospheric responses at 500 hPa show 
anomalous highs over the northeast Asia-northwest Pacific 
region (Figure 6(a)). The wind at 850 hPa shows southerly 
anomalies (Figure 6(b)), which are fairly similar to the ob-
servation (Figure 3(d)). The northern Pacific SSTA and 
associated diabatic heating are located downstream of the 
exit region of the East Asian jet (EAJ). Li [13] argued that 
the anomalous transient vorticity forcing due to transient 
vorticity flux convergence would favor an anticyclone cir-
culation anomaly in the north of midlatitude SSTA (see his 
Figure 10). Compared with the observation, the anomalous 
high shifts slightly southward in the SSTA runs. The clima-
tology of the East Asian jet (EAJ) and that of storm track, 
simulated by ECHAM 5, are weaker than the observation 
[25], which may responsible for southward shift response 
anticyclone anomalies [26]. These results have been supported  
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Figure 4  (a) Composite difference of the preceding December SSTA (K) 
means between the warm cases and the cold cases; (b) same as in (a), ex-
cept for the sea ice concentration (%). Shading in (a) is applied where the 
significance level exceeds 95%. 

by the simulation experiments and arguments of Peng and 
Whitaker [26]. 

3.2  Sea ice anomalies in the preceding month 

Figure 4(b) displays the difference of SIC in the preceding 

December between two groups of SAT anomaly cases. The 
sea ice anomalies differ greatly in the Barents-Kara (B-K) 
seas (30°–60°E, 65°–80°N). The regression analyses show 
that the increased (decreased) SIC is closely related to the 
anomalous low (high) at 500 hPa (Figure 5(b)) over north-
east Asia and the enhanced (attenuated) northerly flow at 
850 hPa (Figure 5(d)) in the cold (warm) cases.  

The sea ice reduction would cause the lower-troposphere 
heating over the B-K seas. Moreover, the local response to 
the decrease in sea ice may stem from the interplay between 
convectional-frictional (due to the anomalous diabatic warm-
ing and change in the surface friction conditions) and baro-
clinic-frictional (due to modified temperature gradients near 
the heat source and the change in the surface friction force) 
mechanisms [27]. The convectional-frictional mechanism 
would favor upward (convective-type) vertical motions and 
induce the corresponding positive cyclone-type vorticity for 
the SIC reduction. Owning to the modified horizontal tem-
perature gradients, the baroclinic-frictional mechanism 
would always induce the anticyclone-type vorticity for the 
SIC reduction. The simulations of Petoukhov and Semenov 
[27] show that the patterns of SAT and circulation response 
to the SIC in B-K sectors are quite dependent on the range 
of the SIC. In our selection, the sea ice concentrations in 
most cases are less than 40%, except for three cases (the 
SIC in 1960, 1969 and 1989 was 40.9%, 63.0% and 41.2%, 
respectively). The average SIC for the cold/warm Januarys 
is 33.5%/26.3%. The simulation of Petoukhov and Semenov 
[27] revealed that the convectional-frictional effect would 
be greater than that of the baroclinic-frictional effect within 
the SIC range of 1%–40% and a local anomalous cyclone 
type atmospheric response to the SIC reduction. The local 
response acts as the original pacemaker for a whole NH 
atmospheric circulation rearrangement. The patterns of  

 

Figure 5  Geopotential height (gpm) patterns at 500 hPa regressed by (a) the SSTA (K) over the northern Pacific and (b) the sea ice concentration (%) in 
the Barents-Kara seas during 1960–2008, (c)–(d) same as in (a)–(b), except for the regressed 850 hPa wind (m/s). The contour intervals are 10 gpm in (a) and 
40 gpm in (b). The dark (light) shading denotes the regions that exceed the 99% (95%) confidence level. 
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Figure 6  Simulated with ECHAM5 monthly (a) 500 hPa geopotential height (gpm), (b) 850 hPa horizontal wind (m/s) response to the positive northern 
Pacific Ocean SSTA (K). The dark (light) shading denotes the regions that exceed the 95% (90%) confidence level. 

 

Figure 7  (a) Coherence squared of the North Pacific SSTA (ISST) in preceding December and January SAT anomalies over Northeast China, 90%/95%/ 
99% significance levels are 0.35/0.44/0.59. (b) Same as in (a), except for the coherence squared of the sea ice concentration in the Barents-Kara seas (ISIC) 
and January SAT anomalies over Northeast China. 

remote teleconnections over northeast Asia in the down-
stream region would be anticyclone anomalies from 700 
hPa to 250 hPa for the SIC reduction (see their Figure 4). 
Thus, the numerical experiments by Petoukhov and Semenov 
[27] support our results. 

3.3  Comparison of climatic effect of the SSTA and ICE 
on multiple time-scales 

In the preceding subsection, we analyzed the roles of the 
North Pacific SSTA and B-K sea ice in the SAT anomalies 
over NEC. The North Pacific SSTA shows a significant 
positive correlation with the SAT anomalies in NEC. To 
explore the climatological impacts of external forcing on the 
multiple time-scales, we investigated the relationship be-
tween the January SAT in NEC and the North Pacific SSTA 
(ISST) by using cross-spectral analysis (Figure 7(a) presents 
the coherence squared). Careful inspection of the power 
spectra reveals that the main spectral peaks fall within the 2- 
to 3-year, 3- to 4-year and 10-year periods (Figure 7(a)). 
The power spectra fall over relatively wide periodicity 
bands. The spectral estimate contributes 65.5% to the cor-
relation between the North Pacific SSTA and the SAT 
anomalies at the interannual time scale, and 24.8% at the 
interdecadal time scale. The North Pacific SSTA plays a 

more important role in the wintertime temperature anoma-
lies over NEC on the interannual time scale than on the in-
terdecadal time scale. 

The SIC in the B-K sector shows a significant negative 
correlation with the January SAT in NEC. We performed a 
cross-spectral analysis to systematically examine how the 
relationship between the SAT in NEC and the SIC in the 
B-K sector (ISIC) depends on the time scale (Figure 7(b) 
presents the coherence squared). Figure 7(b) clearly shows 
that the SAT anomalies and the ISIC exhibit a prominent 
correlation on the interdecadal time scale. The association is 
not very strong between the SAT anomalies and ISIC on the 
interannual time scale. In fact, the spectral estimate ac-
counts for 44% of the correlation at the interdecadal time 
scale and for 12.7% at the interannual time scale. The SIC 
in the B-K sector exhibits prominent interdecadal variation 
(figure not shown). The B-K sea ice also experienced a 
pronounced decrease after 1988, which corresponds to the 
January SAT interdecadal transition in NEC. 

4  Discussions and conclusions 

We analyzed the anomalous circulations in cases of mid- 
winter (January) temperature anomalies in NEC from 1960– 
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2008. We selected cold/warm cases, considering not only 
the SAT anomalies, but also the duration of low temperature. 
The most prominent circulation is the cyclonic (anticyclonic) 
anomaly over northeast Asia, which strengthens (weakens) 
the northerly flow in the cold (warm) Januarys. We noted 
the interdecadal as well as the interannual variability of the 
SAT anomalies in NEC. The January SAT in NEC experi-
enced pronounced warming in the late 1980s, and the circu-
lation shows a similar pattern to the warm cases on the in-
terdecadal time scale. 

The North Pacific SSTA and the B-K sea ice in the pre-
ceding month are related to the circulation anomalies over 
northeast Asia. The cold (warm) SST and increased (de-
creased) SIC may play some important roles in the cold 
(warm) cases. The cross-spectral analyses indicate that the 
North Pacific SSTA is more closely associated with the in-
terannual variations of the SAT in NEC. By contrast, there is 
a strong relationship between the January SAT in NEC and 
the B-K sea ice concentration on the interdecadal time scale. 

The analyses in this study focus on the general characteris-
tics, patterns and precursors to mid-winter SAT anomalies in 
NEC. Zhao et al. [28] also pointed out that the tropical-North 
Pacific mode (TNPM) could exert a strong impact on the 
midlatitude Asian climate. In fact, the indicators for winter-
time climate in different areas of China are quite different. 
For example, the occurrence of heavy snowfall weather over 
central-eastern China has a closer relationship with the ther-
mal condition over the Asian continent, than with the El  
Niño-Southern Oscillation and Arctic Oscillation [29]. Thus, 
further analyses on wintertime climate variability and its in-
fluencing factors in different regions of China are quite needed. 
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