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ABSTRACT

The Eurasian teleconnection pattern (EU) is an important low-frequency pattern with well-known impacts on climate
anomalies in Eurasia. The difference of low-level v-winds in several regions in the Eurasian mid–high latitudes is defined as
the EU index (EUIV). In this study, the relationship between the winter EUIV and precipitation in the following summer over
China is investigated. Results show that there is a significant positive (negative) correlation between the winter EUIV and
the following summer precipitation over North China (the Yangtze River–Huaihe River basins). Meanwhile, an interdecadal
variability exists in the interannual relationship, and the correlation has become significantly enhanced since the early 1980s.
Thus, the proposed EUIV may have implications for the prediction of summer precipitation anomalies over China. In positive
winter EUIV years, three cyclonic circulation anomalies are observed—over the Ural Mountains, the Okhotsk Sea, and the
subtropical western North Pacific. That is, the Ural blocking and Okhotsk blocking are inactive, zonal circulation prevails
in the mid–high latitudes, and the western Pacific subtropical high tends to be weaker and locates to the north of its normal
position in the following summer. This leads to above-normal moisture penetrating into the northern part of East China, and
significant positive (negative) precipitation anomalies over North China (the Yangtze River–Huaihe River basins), and vice
versa. Further examination shows that the SST anomalies over the Northwest Pacific and subtropical central North Pacific
may both contribute to the formation of EUIV-related circulation anomalies over the western North Pacific.
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1. Introduction

Many studies have been conducted regarding the influ-
ences of monsoon circulation on the weather and climate of
East Asia and China since the 20th century (Guo, 1983; Ding,
1994; Shi and Zhu, 1996; Wang, 2001; Li and Zeng, 2002;
Zhang et al., 2003; Zhang and Guo, 2005). However, the
weather and climate of China are not only affected by tropical
and subtropical systems, but are also closely related to the ex-
tratropical atmospheric circulation in the NH (Zhang and Tao,
1998). The East Asian summer monsoon system clearly re-
veals the locations and intensities of the interactions between
the cold air activities from the mid–high latitude systems and
the warm and moist air flows brought by the subtropical sys-
tem (Tao and Chen, 1987), which are the main reasons for
the location and intensity variation of the summer rain belt in
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China.
In fact, in an early study of the mid–high latitude circu-

lations in the NH by Wallace and Gutzler (1981), it was sug-
gested that there are five significant teleconnection patterns
in the 500 hPa geopotential height field in the NH winter:
the Pacific–North American (PNA) pattern, the eastern At-
lantic pattern, the western Atlantic pattern, the western Pa-
cific pattern, and the Eurasian (EU) pattern. Barnston and
Livezey (1987) further confirmed the existence of the EU pat-
tern based on rotated EOF analysis (REOF) of the monthly
mean 700 hPa geopotential height field. Hoskins and Karoly
(1981) demonstrated the great-circle theory to interpret the
dynamics mechanism of the teleconnection patterns.

Among these five significant patterns, the EU pattern
is an important low-frequency pattern with well-known im-
pacts on the atmospheric circulation and climate anomalies
in the Eurasian region (Hsu and Wallace, 1985; Barnston and
Livezey, 1987). Li and Chou (1990) demonstrated that the
EU pattern is a major factor influencing the winter precipita-
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tion over the middle and lower reaches of the Yangtze River.
In a study on the relationship between the Arctic Oscillation
and the East Asian winter monsoon (EAWM) (Gong et al.,
2001), it was determined that the EU pattern makes a signif-
icant contribution to the EAWM system, and its contribution
to the Siberian high was found to be 36%. In addition, it was
also pointed out that when the EU index is positive, the East
Asian air temperature is lower. Shi and Zhu (1996) found that
in cases of strong EAWM, China tends to be cold and dry in
winter, and the atmospheric circulation is characterized by
a strong western Pacific pattern and weak EU pattern. Sev-
eral studies have pointed out that the daily variation of the
EU pattern is responsible for climate anomalies over China
and Korea, where abnormal cold/warm events are often de-
pendent on the different phases of the EU pattern (Sung et
al., 2009; Liu and Chen, 2012; Zuo and Xiao, 2013; Wang
and Zhang, 2015). Positive EU phases are accompanied by
strong northerly wind and a sudden descent of temperature in
South China and Korea, while the probability distribution of
cold/warm events is dependent on the phase of the EU pattern
(Sung et al., 2009). Wang et al. (2010) confirmed that the at-
mospheric circulation anomalies related to the Ural blocking
(UB) are associated with the Eurasian wave train from west
to east, and exhibit an enhancing influence on the East Asian
winter climate anomalies.

Moreover, the pre-winter EU pattern also has great im-
pacts on the following summer climate anomalies over China.
Sun and He (2004) used the SVD method to reveal the influ-
ences of pre-winter Eurasian circulation anomalies on the fol-
lowing summer precipitation over China. The pre-winter cir-
culation of the Eurasian mid–high latitudes bears a very close
coupling relationship with the following summer precipita-
tion over China. It was also determined that the pre-winter
circulation anomalies may influence the Eurasian summer
circulation, as well as the precipitation anomalies over China,
through a half-year rhythm relationship. Recently, when the
“Conceptual Prediction Model for the Three Rainfall Pat-
terns” in the summer of eastern China was reconstructed by
Zhao and Feng (2014), the winter EU index (EUI V) was
defined according to the difference of the 850 hPa v-wind
anomalies in several key regions over the Eurasian mid–high
latitudes. It was found that EUIV can be used effectively
to judge whether or not the main following summer rain-
belt would locate in northern China; namely, a north rain-
belt pattern. However, the relationship between the winter
EU pattern and the following summer precipitation has not
been comprehensively examined. In addition, obvious inter-
decadal variability took place in the global oceans and at-
mospheric circulations in the late 1970s with global warm-
ing (Wang, 1995; Guilderson and Schrag, 1998; Li et al.,
2004; IPCC, 2013), and the relationship between regional
climates and their major factors of influence has changed
(Wang, 2002; Gao et al., 2006; Wang and He, 2012). So,
has the relationship between the winter EU pattern and the
following summer precipitation undergone change?

Understanding the impact of the EU pattern on climate
anomalies over East Asia is important both for accurate

weather forecasts and short-term climate forecasts. As men-
tioned above, the winter EU pattern can impact upon the
concurrent weather and climate in East Asia. Plus, it also
has “climate effects” on the subsequent climate over China.
However, the relationship between the winter EU pattern and
precipitation in the following summer over China is still not
clear. The primary objectives of this study, therefore, are to
discuss the relationship between the winter EU pattern and
the following summer precipitation over China.

The remainder of this paper is organized as follows: Sec-
tion 2 describes the data and methods used in this study. The
calculation, temporal evolution of different defined EUIs, and
vertical structure of the EU pattern are shown in section 3.
The relationship between the winter EUIV and the following
summer precipitation over China is illustrated in section 4,
followed in section 5 by a discussion of the summer atmo-
spheric circulation and SST associated with the winter EUIV.
A summary and conclusions are given in section 6.

2. Data and methodology

The main datasets employed in this study are: (1)
monthly average precipitation data of 160 stations from the
China Meteorological Administration for the period 1968–
2013, and monthly global precipitation data—gridded at a
resolution of 2.5◦ × 2.5◦—from the GPCP for the period
1979–2013 (Huffman et al., 1997; Adler et al., 2003); (2)
monthly mean circulation data, gridded at a resolution of
2.5◦×2.5◦, from the NCEP–NCAR reanalysis (Kalnay et al.,
1996) [note, however, that because the quality of the NCEP–
NCAR reanalysis data over Asia may be low prior to 1968
(Yang et al., 2002; Wu et al., 2005), only the information
since 1968 is analyzed in this study]; (3) SST data, gridded at
a resolution of 2◦×2◦, from ERSST.v3b (Smith et al., 2008);
(4) the Niño3.4 SST index from the CPC.

The time period analyzed in this study is 46 winters from
1967/1968 to 2012/2013. Wintertime means are constructed
from the monthly means by averaging the data of December–
January–February (DJF). Here, the winter of 1968 refers to
the 1967/1968 winter. Springtime means are constructed
from the monthly means by averaging the data of March–
April–May (MAM), and summertime means are constructed
from the monthly means by averaging the data of June–July–
August (JJA).

Correlation analysis, composite analysis, and linear re-
gression are used to investigate the relationship between the
winter EU pattern and the following summer precipitation
over China.

3. Definition and climate characteristics of the
EU index

In previous studies, the definitions and calculation meth-
ods of the EUI are different. In brief, they include two types.
The first method uses the differences of the 500 hPa geopo-
tential height anomaly field at a few key points (Wallace and
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Gutzler, 1981; Sung et al., 2009). The second method uses
the corresponding time coefficients after the REOF on the
Eurasian mainland height field of the NH troposphere (Horel,
1981; Hsu and Wallace, 1985; Barnston and Livezey, 1987).
In addition, the difference of low-level (850 hPa) v-winds in
several regions in the Eurasian mid–high latitudes is defined
as the EU index (EUIV) by Zhao and Feng (2014). In order
to compare the research results, the three types of definition
methods proposed by Wallace and Gutzler (1981), Barnston
and Livezey (1987) and Zhao and Feng (2014) are adopted to
calculate the winter EUI from 1968 to 2013, and these calcu-
lation methods are shown as follows:

The definition of the EUI introduced by Wallace and Gut-
zler (1981) is shown in Eq. (1), and denoted as EUI WG:

EUIWG = −1
4

Z∗
55◦N,20◦E +

1
2

Z∗
55◦N,75◦E −

1
4

Z∗
40◦N,145◦E , (1)

where Z∗ represents the normalized seasonal average 500 hPa
geopotential height anomaly.

The EUI is defined by Zhao and Feng (2014) according
to the significant area of the anomalies in the 850 hPa v-wind
anomaly field in a north-type rain year over China. In Eq. (2),
V ′ represents the 850 hPa v-wind anomaly:

EUIV = V ′
50◦-60◦N,45◦-55◦E +V ′

55◦-65◦N,130◦-140◦E −
V ′

35◦-45◦N,10◦-20◦E −V ′
55◦-70◦N,95◦-110◦E −

V ′
50◦-65◦N,155◦-165◦E . (2)

A REOF decomposition was carried out by Barnston and
Livezey (1987) on the 700 hPa geopotential height anomaly
field in the extratropical NH (20◦–90◦N, 0◦–360◦). For uni-
fication, the seasonal average 500 hPa geopotential height
anomaly fields are used here for the REOF decomposition,
and the time coefficient corresponding to the sixth mode is
defined as the EUI (denoted as EUIBL). The variance con-
tribution of the sixth mode was 6.1%, and the accumula-
tive variance contribution of the leading six modes reached

76.3%. The spatial distribution types of the leading five
modes are similar to the PNA, North Atlantic Oscillation,
and other teleconnection patterns. The mode with the first
east–west wave trains is the sixth mode over Eurasia, which
is similar to the EU pattern defined by Wallace and Gutzler
(1981).

Figure 1 shows the temporal evolution of the three win-
ter EUIs during 1968–2013. The interannual variability of
the three indices is relatively consistent. The correlation co-
efficient between EUIWG and EUIBL is 0.77, that between
EUIWG and EUIV is 0.76, and that between EUIBL and EUIV

is 0.72, all above the 99.9% confidence level. Through power
spectrum analysis of the three indices (figure not presented),
it is found that the quasi-three-year interannual variation pe-
riod only exists in EUIBL, while the interdecadal variation
period is not significant in the three indices.

From the spatial distribution of the correlation coefficient
between the three winter EUIs and the simultaneous 500 hPa
geopotential height field (Fig. 2), it can be seen that all three
indices show an obvious zonal teleconnection pattern of wave
trains over Eurasia, of which the 500 hPa geopotential height
anomaly fields in Western Europe, the Urals, and the coast
of East Asia present significant negative–positive–negative
correlation areas. The three activity centers of the winter EU
pattern defined by Wallace and Gutzler (1981) are located
at (55◦N, 20◦E), (55◦N, 75◦E) and (40◦N, 145◦E), respec-
tively. The three activity centers are all located in the centers
of the three high correlation regions in the EUI WG’s corre-
lation diagram (Fig. 2a). Moreover, there are another two
positive correlation centers in eastern North America and the
northern North Atlantic. In the EUIBL correlation diagram
(Fig. 2b), there are two larger positive correlation areas in
eastern North America and the northern North Atlantic, of
which the positive correlation is very significant. However,
the negative correlation area is smaller in Western Europe,
where the significance of the negative correlation is weaker
than the EUIWG. In the EUIV correlation diagram (Fig. 2c),

(a)

(b)

 

(c)

 

Fig. 1. The winter EUI (bars) and cumulative index (lines) from 1968 to 2013:
(a) EUIWG; (b) EUIBL; (c) EUIV.
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Fig. 2. Correlation between the EUI and 500 hPa height field
(20◦–90◦N, 0◦–360◦) in winter (DJF-averaged) from 1968 to
2013: (a) EUIWG; (b)EUIBL; (c) EUIV. The shading from light
to dark exceed the 95%, 99% and 99.9% confidence level, re-
spectively. The contour interval is 0.2. The black dots are the
three activity centers of the EU teleconnection pattern defined
by Wallace and Gutzler (1981).

there are two larger positive correlation areas in eastern North
America and the northern North Atlantic, of which the pos-
itive correlation is very significant. The negative correlation
area in Western Europe is larger and more significant than the
EUIBL. The spatiotemporal characteristics of the three winter
EUIs are highly consistent, and the EUIV shows the best rela-
tionship with the following summer precipitation over China
among the three indexes from our calculation and analysis.
Therefore, we choose the EUIV to analyze the relationship
between the winter EU pattern and the following summer pre-
cipitation over China.

4. Winter EU pattern and summer precipita-
tion over China

Figure 3 shows the distributions of the correlation coef-
ficient between the EUIV and the following summer precip-
itation over China. There is a positive correlation in North
China and a negative correlation in the Yangtze River–Huaihe
River basins during 1968–2013 (Fig. 3a). Plus, the areas and
stations above the 95% confidence level increase significantly
during 1981–2013 (Fig. 3b) compared with during 1968–
2013. According to Fig. 3b, two areas with a high density
of stations above the 95% confidence level are selected. They
are: eastern Xinjiang–western North China [hereinafter re-
ferred to simply as “North China”; (37◦–47◦N, 85◦–110◦E);
14 stations], and the Yangtze River–Huaihe River basins
[(30◦–34◦N, 110◦–125◦E); 15 stations]. The area-averaged
summer precipitation of the above two regions is represented
by RNC and RYH, respectively. EUIV has a weak positive
correlation (correlation coefficient of 0.18) with R NC, and a
weak negative correlation (−0.10) with RYH during 1968–81.
Whereas, EUIV has a significant positive correlation (0.42,
exceeding the 99% confidence level) with RNC, and a signifi-
cant negative correlation (−0.56, exceeding the 99.9% confi-
dence level) with RYH during 1981–2013. To further confirm
that the relationship between EUIV and summer precipitation
has changed, Fig. 4 shows the 21-year moving correlation
between the RNC, RYH, and EUIV. The EUIV and RNC show
positive correlation, with the correlation slowly weakening
after the mid-1980s, and strengthening recently (Fig. 4a).
The correlation coefficient between the EUIV and RYH is rel-
atively weak before the early 1980s, but it increases signifi-
cantly after the mid-1980s (Fig. 4b).

In the early 1980s, Liao et al. (1981) classified the sum-
mer rain-belt of eastern China into three patterns (“Three
Rainfall Patterns”), which are respectively described as fol-
lows: Pattern I is the northern pattern, of which the main
rain-belt is located in the Yellow River basin and the region to
the north; Pattern II is the central pattern, of which the main
rain-belt is located between the Yellow River and Yangtze
River; and Pattern III is the southern pattern, of which the
main rain-belt is located in the Yangtze River basin or regions
south of the Yangtze River. Figure 5 shows the relationship
between the winter EUIV and the “Three Rainfall Patterns”
in the summer of eastern China during 1981–2013. There are
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Fig. 3. Correlation between the winter EUIV and the following summer (JJA-averaged) precipitation over China during
(a) 1968–2013 and (b) 1981–2013. The black dots indicate the 95% confidence level.

(b)

 
 

(a)

 

 

Fig. 4. 21-year moving correlation between the EUIV and (a) RNC and (b) RJH. The solid (dotted) line in (b) indicates
the 95% (90%) confidence level.

Fig. 5. The winter EUIV and “Three Rainfall Patterns” in the summer of eastern China from
1981 to 2013. The black (green) dotted line indicates EUIV greater than 2 (lesser than −2).
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nine years in which the EUIV is greater than 2. With the ex-
ception of 2000 and 2002, all of the other seven years belong
to Pattern I. Also, there are 17 years with an EUIV less than
0, and only one year belongs to Pattern I (1994). There are
nine years for which the EUIV is less than −2, all of which
are Pattern II or III, and none is Pattern I. Generally speaking,
the EUIV could be used to effectively predict Pattern I years.
The years for which the EUIV is greater than 2 (1981, 1985,
1988, 1992, 1995, 2000, 2002, 2004, 2012) and less than −2
(1982, 1989, 1991, 1996, 1997, 1998, 2003, 2007, 2008) are
selected for composite analysis.

Figure 6 shows the composite anomalies of precipitation
in summer for +EUIV and−EUIV years, and their difference.
For the +EUIV composite, a “plus–minus–plus–minus–plus”
anomaly wave train is apparent from eastern Kazakhstan–
western Xinjiang, northeastern Xinjiang–western Mongo-
lia, and North China and the Yangtze River–Huaihe River
basins to the Philippine Sea basin, of which the anomaly
is significantly positive in North China, but significantly
negative in the Yangtze-Huaihe River basin (Fig. 6a). For
the −EUIV composite, a “minus–plus–minus–plus–minus”
anomaly wave train is apparent from eastern Kazakhstan–
western Xinjiang, western Inner Mongolia, and North China
and the Yangtze River–Huaihe River basins to the Philippine
Sea basin. Significantly positive anomalies are present in the
Yangtze–Huaihe River basin (Fig. 6b). From the difference
distribution between +EUIV and −EUIV years, the differ-
ences among the above five areas are very significant. There-
fore, the winter EU pattern has an extra-seasonal connection
with the following summer precipitation in China and the sur-
rounding areas.

5. Summer atmospheric circulation and SST
anomalies in association with the winter
EUIV

To explain the above-mentioned relationships between
the winter EUIV and the following summer precipitation
anomalies, we first show the anomalies of geopotential height
at 500 hPa and winds at 850 hPa in the summer, obtained as
regression upon the winter EUIV (Fig. 7). Significantly neg-
ative geopotential height (Fig. 7a) and cyclonic circulation
(Fig. 7b) anomalies exist over the Ural Mountains, Okhotsk
Sea and the subtropical western North Pacific in the follow-
ing summer. That is, in positive winter EUIV years, the UB
and Okhotsk blocking (OB) are inactive, zonal circulation
prevails in the mid–high latitudes, and the western Pacific
subtropical high (WPSH) tends to be weaker and locates to
the north of its normal position in the following summer.
This leads to above-normal moisture penetrating into the
northern part of East China. As a result, there are significant
positive (negative) precipitation anomalies over North China
(the Yangtze River–Huaihe River basins). In negative winter
EUIV years, the UB and OB are active, meridional circulation
prevails in the mid–high latitudes, and the WPSH tends to be
stronger and locates to the south of its normal position in the

 
 

 
 

 

Fig. 6. Composite of the following summer (JJA-averaged) pre-
cipitation anomaly percentage in East Asia under the (a) pos-
itive and (b) negative winter EUIV, and the (c) composite dif-
ference between (a) and (b). The black dots indicate the 95%
confidence level.

following summer. As a result, there are significant positive
precipitation anomalies over the Yangtze River–Huaihe River
basins. These results are apparent via composite anomalies of
500 hPa geopotential height and 850 hPa wind in summer for
winter +EUIV and −EUIV years, and their differences (fig-
ure not presented).
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Fig. 7. Anomalies of the following summer (JJA-averaged) (a) 500 hPa geopotential height
(gpm) and (b) 850 hPa winds (m s−1) regressed upon the winter EUIV. The dark and light
shading in (a) indicates that the anomalies are significantly different from zero at the 5%
and 10% level, respectively. The dark and light shading in (b) indicates that the u-wind
anomalies are significant at the 95% and 90% confidence level, respectively. The contour
interval in (a) is 2 gpm.

To help explain the summer circulation anomalies in as-
sociation with the winter EUIV, the correlations between the
winter EUIV and SST are shown in Fig. 8. There are sig-
nificant negative (weak positive) correlations in the western
North Pacific and subtropical central North Pacific (western
Pacific) between the DJF EUIV and DJF SST (Fig. 8a). Fur-
thermore, the correlation distribution is very much like a La
Niña pattern. The correlation between the DJF EUIV and
MAM SST (Fig. 8b) is similar to that of Fig. 8a, but there is
a significant positive correlation in the western Pacific warm
pool (WPWP) region, and the negative correlations in the
western North Pacific become more significant. We define
the SST anomaly (SSTA) difference in the MAM WPWP re-
gion (5◦–20◦N, 115◦–130◦E) and northwestern North Pacific
(45◦–55◦N, 150◦E–165◦W) as the West Pacific SST zonal
difference index (WPZDI). The correlation coefficient be-
tween the EUIV and WPZDI is 0.55, exceeding the 99% con-
fidence level, and the correlation between the DJF EUIV and

JJA SST (Fig. 8c) is insignificant.
We further discuss the atmospheric circulation anomalies

in association with the MAM SSTA. Figure 9 displays the
JJA 850 hPa wind anomalies obtained by regression on the
MAM Niño3.4 (multiplied by −1.0) (Fig. 9a) and WPZDI
(Fig. 9b). A significantly cyclonic circulation anomaly is ob-
served to control the subtropical western North Pacific, and
an anticyclonic circulation anomaly exists over the Japanese
islands and surrounding ocean (Fig. 9a). That is, in negative
MAM Niño3.4 years (like La Niña years), the WPSH tends
to be weaker and locates to the north of its normal position in
the following summer. From the MAM WPZDI-related cir-
culation anomalies (Fig. 9b), a cyclonic circulation anomaly
is also observed to control the subtropical western North Pa-
cific, and an anticyclonic circulation anomaly exists over the
Japanese islands and surrounding ocean. Also, these circula-
tion anomalies are very similar to the EUIV-related circula-
tion anomalies (Fig. 7b). Therefore, SSTAs over the north-
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Fig. 8. Correlation between the DJF EUIV and (a) DJF SST, (b) MAM SST, and
(c) JJA SST during 1981–2013. The dark and light shading indicates the 95%
and 90% confidence level, respectively. And the solid (dotted) lines indicate the
positive (negative) values. The contour interval is 0.1.

western Pacific and subtropical central North Pacific may
both contribute to the formation of EUIV-related circulation
anomalies over the western North Pacific.

6. Discussion and conclusion

This paper examines the relationship between the win-
ter EU pattern and the following summer precipitation over
China using NCEP–NCAR, GPCP, and Chinese 160-station
data for the period 1968–2013. The difference of low-level
(850 hPa) v-winds in several regions in the Eurasian mid–
high latitudes is defined as the EUIV by Zhao and Feng
(2014). The results show that there is a significant positive
(negative) correlation between the winter EUIV and the fol-
lowing summer precipitation over North China (the Yangtze
River–Huaihe River basins). Meanwhile, an interdecadal
variability exists in the interannual relationship, and the cor-
relation has become significantly enhanced since the early
1980s. Thus, the proposed EUIV may have implications for
the prediction of summer precipitation anomalies in the above
regions.

In positive winter EUIV years, the UB and OB are in-
active, zonal circulation prevails in the mid–high latitudes,
and the WPSH tends to be weaker and locates to the north
of its normal position in the following summer. This leads to
above-normal moisture penetrating into the northern part of
East China. As a result, there are significant positive (nega-
tive) precipitation anomalies over North China (the Yangtze
River–Huaihe River basins), and vice versa. Our present
study shows that the winter EU pattern bears a close asso-
ciation with the following summer precipitation over China
via key components of the East Asian summer monsoon sys-
tem, such as the UB, OB and WPSH. Previous studies have
demonstrated that atmospheric internal dynamic processes,
including the Pacific–Japan or East Asia–Pacific wave train
from the tropics (Nitta, 1987; Huang and Sun, 1992) and the
“silk road” wave train from the mid–high latitudes in the NH
(Enomoto et al., 2003; Enomoto, 2004), can exert substantial
influence the interannual variability of WPSH. Further exam-
ination shows that the SSTA over the northwestern Pacific
and subtropical central North Pacific may both contribute
to the formation of EUIV-related circulation anomalies over
the western North Pacific. Hence, the EUIV could be used
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Fig. 9. Anomalies of the following summer 850 hPa winds (m s−1) regressed upon the
MAM (a) −1.0× Niño3.4 and (b) West Pacific SST zonal difference index (WPZDI) during
1981–2013. The dark and light shading indicates that the u-wind anomalies are significant
at the 95% and 90% confidence level, respectively.

as an effective predictor of summer precipitation anomalies
in North China and the Yangtze River–Huaihe River basins.
However, the extra-seasonal mechanism of influence of the
winter EU on the following summer precipitation over China
requires further study.

Acknowledgements. We thank the two anonymous review-
ers for their valuable comments and suggestions, which helped to
improve the paper. This study was jointly supported by the Na-
tional Natural Science Foundation of China (Grant Nos. 41505061,
41530531 and 41405092) and the National Basic Research Program
of China (Grant Nos. 2012CB955902 and 2013CB430204)

REFERENCES

Adler, R. F., and Coauthors, 2003: The Version-2 Global Precipita-
tion Climatology Project (GPCP) monthly precipitation anal-
ysis (1979–present). J. Hydrometeor., 4, 1147–1167.

Barnston, A. G., and R. E. Livezey, 1987: Classification, seasonal-
ity and persistence of low-frequency atmospheric circulation
patterns. Mon. Wea. Rev., 115, 1083–1126.

Ding, Y. H., 1994: Summer monsoon rainfall and its regional char-
acteristics in China. Asian Monsoon. China Meteorological
Press, 76–83. (in Chinese)

Enomoto, T., 2004: Interannual variability of the Bonin high asso-
ciated with the propagation of Rossby waves along the Asian
jet. J. Meteor. Soc. Japan, 82, 1019–1034.

Enomoto, T., B. J. Hoskins, and Y. Matsuda, 2003: The forma-
tion mechanism of the Bonin high in August. Quart. J. Roy.
Meteor. Soc., 129, 157–178.

Gao, H., Y. G. Wang, and J. H. He, 2006: Weakening significance
of ENSO as a predictor of summer precipitation in China.
Geophys. Res. Lett., 33, L09807.

Gong, D. Y., S. W. Wang, and J. H. Zhu, 2001: East Asian win-
ter monsoon and Arctic oscillation. Geophys. Res. Lett., 28,
2073–2076.

Guilderson, T. P., D. P. Schrag, 1998: Abrupt shift in subsurface
temperatures in the tropical Pacific associated with changes



752 WINTER EU AND FOLLOWING SUMMER PRECIPITATION OVER CHINA VOLUME 33

in El Niño. Science, 281, 240–243.
Guo, Q. Y., 1983: The summer monsoon intensity index in East

Asia and its variation. Acta Geographica Sinica, 3, 207–217.
(in Chinese)

Horel, J. D., 1981: A rotated principal component analysis of the
interannual variability of the northern hemisphere 500 mb
height field. Mon. Wea. Rev., 109, 2080–2092.

Hoskins, B. J., and D. J. Karoly, 1981: The steady linear response
of a spherical atmosphere to thermal and orographic forcing.
J. Atmos. Sci., 38, 1179–1196.

Hsu, H. H., and J. M. Wallace, 1985: Vertical structure of winter-
time teleconnection patterns. J. Atmos. Sci., 42, 1693–1710.

Huang, R. H., and F. Y. Sun, 1992: Impacts of the tropical Western
Pacific on the East Asian summer monsoon. J. Meteor. Soc.
Japan, 70, 243–256.

Huffman, G. J., and Coauthors, 1997: The Global Precipitation
Climatology Project (GPCP) combined precipitation dataset.
Bull. Amer. Meteor. Soc., 78, 5–20.

IPCC, 2013: Climate Change 2013: The Physical Science Ba-
sis. Contribution of Working Group I to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change,
Boschung et al., Eds., Cambridge University Press, Cam-
bridge, United Kingdom and New York, NY, USA, 1535 pp.

Kalnay, E., and Coauthors, 1996: The NCEP/NCAR 40-year re-
analysis project. Bull. Amer. Meteor. Soc., 77, 437–471.

Li, C. Y., J. H. He, and J. H. Zhu, 2004: A review of
decadal/interdecadal climate variation studies in China. Adv.
Atmos. Sci., 21, 425–436, doi: 10.1007/BF02915569.

Li, J. P., and Q. C. Zeng, 2002: A unified monsoon index. Geophys.
Res. Lett., 29, 115-1–115-4, doi: 10.1029/2001GL013874.

Li, W. J., and J. F. Chou, 1990: Relation between monthly mean
circulation in the Northern Hemisphere and the summer pre-
cipitation in the middle and lower reaches of Changjiang
River. Scientia Meteorologica Sinica, 10, 139–146. (in Chi-
nese)

Liao, Q. S., G. Y. Chen, and G. Z. Chen, 1981: Collection of Long
Time Weather Forecast. China Meteorological Press, 103–
114. (in Chinese)

Liu, Y. Y., and W. Chen, 2012: Variability of the Eurasian tele-
connection pattern in the northern hemisphere winter and its
influences on the climate in China. Chinese J. Atmos. Sci., 36,
423–432. (in Chinese)

Nitta, T., 1987: Convective activities in the tropical western Pa-
cific and their impact on the Northern Hemisphere summer
circulation. J. Meteor. Soc. Japan., 65, 373–390.

Shi., N., and Q. G. Zhu, 1996: An abrupt change in the intensity
of the east Asian summer monsoon index and its relationship
with temperature and precipitation over east China. Int. J. Cli-
matol., 16, 757–764.

Smith, T. M., R. W. Reynolds, T. C. Peterson, and J. Law-
rimore, 2008: Improvements to NOAA’s historical merged
land-ocean surface temperature analysis (1880–2006). J. Cli-
mate, 21, 2283–2297, doi: 10.1175/2007JCLI2100.1.

Sun, L. H., and M. He, 2004: The relationship between summer
precipitation in China and circulation anomaly in Euroasia
and its application in precipitation prediction. Acta Meteoro-
logica Sinica, 62, 355–364. (in Chinese)

Sung, M. K., G. H. Lim, W. T. Kwon, K. O. Boo, and J. S. Kug,
2009: Short-term variation of Eurasian pattern and its rela-
tion to winter weather over East Asia. Int. J. Climatol., 29,
771–775.

Tao, S. Y., and L. X. Chen, 1987: A review of recent research on
the East Asian summer monsoon in China. Review of Mon-
soon Meteorology, C. P. Chang and T. N. Krishnamurti, Eds.,
Oxford University Press, 353 pp.

Wallace, J. M., and D. S. Gutzler, 1981: Teleconnections in the
geopotential height field during the Northern Hemisphere
winter. Mon. Wea. Rev., 109, 784–812.

Wang, B., 1995: Interdecadal changes in El Niño onset in the last
four decades. J Climate, 8, 267–285.

Wang, H. J., 2001: The weakening of the Asian monsoon circu-
lation after the end of 1970’s. Adv. Atmos. Sci., 18, 376–386,
doi: 10.1007/BF02919316.

Wang, H. J., 2002: The instability of the East Asian summer
monsoon–ENSO relations. Adv. Atmos. Sci., 19, 1–11, doi:
10.1007/s00376-002-0029-5.

Wang, H. J., and S. P. He, 2012: Weakening relationship between
East Asian winter monsoon and ENSO after mid-1970s. Chi-
nese Science Bulletin, 57, 3535–3540.

Wang, L., W. Chen, W. Zhou, J. C. L. Chan, D. Barriopedro, and
R. H. Huang, 2010: Effect of the climate shift around mid
1970s on the relationship between wintertime Ural blocking
circulation and East Asian climate. Int. J. Climatol., 30, 153–
158.

Wang, N., and Y. C. Zhang, 2015: Evolution of Eurasian telecon-
nection pattern and its relationship to climate anomalies in
China. Climate Dyn., 44, 1017–1208, doi: 10.1007/s00382-
014-2171-z.

Wu, R. G., J. L. Kinter III, and B. P. Kirtman, 2005: Discrep-
ancy of interdecadal changes in the Asian region among the
NCEP–NCAR reanalysis, objective analyses, and observa-
tions. J. Climate, 18, 3048–3067. doi: 10.1175/JCLI3465.1.

Yang, S., K.-M. Lau, and K.-M. Kim, 2002: Variations of the East
Asian jet stream and Asian–Pacific–American winter climate
anomalies. J. Climate, 15, 306–325.

Zhang, Q. Y., and S. Y. Tao, 1998: Influence of Asian mid-high
latitude circulation on East Asian summer rainfall. Acta Me-
teorologica Sinica, 56, 199–211. (in Chinese)

Zhang, Q. Y., S. Y. Tao, and L. T. Chen, 2003: The inter-annual
variability of East Asian summer monsoon indices and its
association with the pattern of general circulation over East
Asia. Acta Meteorologica Sinica, 61, 559–568. (in Chinese)

Zhang, Y. C., and L. L. Guo, 2005: Relationship between the sim-
ulated East Asian westerly jet biases and seasonal evolution
of rainbelt over eastern China. Chinese Science Bulletin, 50,
1503–1508.

Zhao, J. H., and G. L. Feng, 2014: Reconstruction of conceptual
prediction model for the three rainfall patterns in the summer
of eastern China under global warming. Science China: Earth
Sciences, 57, 3047–3061, doi: 10.1007/s11430-014-4930-4.

Zuo, X., and Z. N. Xiao, 2013: Abnormal characteristics of
Eurasian teleconnection in winter at pentad time scale and its
impact on the weather in China. Meteorological Monthly, 39,
1096–1102. (in Chinese)


