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ABSTRACT

Using National Centers for Environmental Prediction/National Centre for Atmospheric Research (NCEP/
NCAR) reanalysis data and monthly Hadley Center sea surface temperature (SST) data, and selecting a
representative East Asian winter monsoon (EAWM) index, this study investigated the relationship between
EAWM and East Asian summer monsoon (EASM) using statistical analyses and numerical simulations.
Some possible mechanisms regarding this relationship were also explored. Results indicate a close relation-
ship between EAWM and EASM: a strong EAWM led to a strong EASM in the following summer, and a
weak EAWM led to a weak EASM in the following summer. Anomalous EAWM has persistent impacts on
the variation of SST in the tropical Indian Ocean and the South China Sea, and on the equatorial atmo-
spheric thermal anomalies at both lower and upper levels. Through these impacts, the EAWM influences
the land–sea thermal contrast in summer and the low-level atmospheric divergence and convergence over the
Indo-Pacific region. It further affects the meridional monsoon circulation and other features of the EASM.
Numerical simulations support the results of diagnostic analysis. The study provides useful information for
predicting the EASM by analyzing the variations of preceding EAWM and tropical SST.
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1. Introduction

The Asian monsoon plays a key role in gen-
eral atmospheric circulation and climate variations.
The East Asian winter monsoon (EAWM), an im-
portant component of the Asian monsoon system, is
the strongest winter monsoon globally. Its variation
may not only control the local weather and climate in
East Asia but may also exert a strong impact on the
extratropical and tropical planetary-scale circulations
(Chang and Lau, 1982). The EAWM also influences
the convection over and the sea-surface temperature
(SST) near the maritime Asian continent (Zhang et al.,
1997). This influence can lead to anomalous summer

circulation accompanied by drought or floods in many
areas (Chen et al., 2000). Therefore, further studies
on the variations of EAWM and its effects on winter
and summer climates are important for understanding
climate variations and for improving the prediction of
such variations.

The most representative factors of EAWM and
EASM activities are the following: winter surface tem-
perature over East Asia and the East Asian trough
(EAT), summer precipitation over eastern China, and
meridional and zonal winds in the lower and upper tro-
posphere over East Asia in both winter and summer
(Chen et al., 1991; Ding, 1994; Jhun and Lee., 2004;
Gao, 2007; Li and Yang, 2010). Therefore, many stud-
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ies have investigated the variability in these factors to
reveal the anomalous features of EAWM and its in-
fluence on the summer climate over East Asia. Some
studies found that the drought and floods over the
Yangtze River and the Huaihe River valleys in sum-
mer are closely related to the variation of the EAT in
winter, suggesting that less summer precipitation over
the Yangtze River and the Huaihe River valleys occurs
after a strong EAWM, and vice versa (Sun and Sun,
1995; Chen and Sun, 1999). By defining strong and
weak EAWM years based on meridional winds at 10-m
height, Chen et al. (2000) analyzed anomalous stream
fields at 850 hPa in summer, and they found the varia-
tion of the subtropical western Pacific high (SWPH) to
be obviously different during strong and weak EAWM
years. The SWPH tends to be more northward in the
summer following strong EAWM and more southward
in the summer following weak EAWM. The close rela-
tionship between the SWPH and the strength of the
EASM has been emphasized in observational analy-
ses by Guo (1985), who suggested that the SWPH
shifted to the north in strong EASM years and to the
south in weak EASM years. These studies, to a large
extent, imply some possible linkages between EAWM
and EASM.

For climate prediction, the early variations of at-
mospheric circulation, SST, and snow cover are key
factors. Like SWPH, an important circulation system
for China’s climate, is closely related to both EAWM
and EASM. Therefore, the studies on the interactions
and interrelationships between winter and summer at-
mospheric circulation are important to improving the
accuracy of climate prediction.

Meteorological data used in this study were de-
rived from the National Centers for Environmental
Prediction/National Centre for Atmospheric Research
(NCEP/NCAR) reanalysis (Kistler et al., 2001), in-
cluding monthly three-dimensional winds on 12 stan-
dard pressure levels, with a horizontal resolution of
2.5◦ × 2.5◦ grid over a 57-year period (1948–2004).
Monthly SST data were mainly obtained from the
Hadley Center sea ice and SST dataset (HadISST),
with 1◦ × 1◦ resolution over a 57-year period (1948–
2004; Rayner et al., 2003). Utilizing correlation anal-
yses, composite analyses, and a general circulation
model (GCM), the relationship between EASM and
EAWM, as well as the possible mechanisms of their
linkage were investigated, and the results of this study
are presented here.

2. Relationship between EAWM and EASM

Many factors can represent EAWM and EASM ac-
tivities, such as surface temperature, sea level pres-
sure (SLP), EAT, meridional winds in the lower tropo-
sphere, zonal winds in the upper troposphere, summer

precipitation in East Asia, and a geopotential height of
500 hPa (Guo, 1983; Shi, 1996; Cui and Sun, 1999; Wu
and Huang, 1999; Chen et al., 2000; Yan et al., 2003;
Wang and Chen., 2010). Among these factors, sum-
mer precipitation exhibits regionally different charac-
teristics, while some other factors, such as meridional
wind, surface temperature, and SLP in winter, are rel-
atively stable, making them the most popular indices
used in EAWM or EASM research. Based on surface
temperature, SLP, geopotential height at 500 hPa, and
meridional wind factors, this section presents the re-
sults of our study of the relationship between EAWM
and EASM using composite and correlation analyses.

Considering the influence of EAWM on middle- and
low-latitude climate over East Asia, and based on the
analyses of various factors that can represent, to some
extent, the EAWM variation, Yan et al. (2009) defined
a composite EAWM index using surface temperature,
SLP, geopotential height at 500 hPa from December to
February (December-January-February, DJF), namely

IEAWM = [
IH500

sH500
+

ISLP

sSLP
+

IAIR995

sAIR995
]/3 .

In this equation, IH500 denotes the regionally averaged
potential height anomalies at 500 hPa over the area
(25◦–40◦N, 115◦–140◦E), IH500 = H500−H500; ISLP =
(P SL|5020 − P SL|5020)110 − (P SL|5020 − P SL|5020)160 mainly
denotes the different SLP between 110◦E (land) and
160◦E (sea). P SL|5020 is the mean SLP from 20◦N to
50◦N respectively in 110◦E and 160◦E, and PSL|5020
is the multi-annual mean of corresponding PSL|5020;
IAIR995 denotes the surface temperature anomalies
over East Asia (20◦–40◦N, 110◦–135◦E), IAIR995 =
TAIR995 − TAIR995. Here SH500, SSLP, and SAIR995

are the corresponding standard deviations. “–” de-
notes regional average and “=” denotes multi-annual
mean of regional average value. The index IEAWM

reflected well the circulation feature of EAWM. Ac-
cording to the variation of IEAWM, we selected strong
EAWM years (1953, 1955, 1956, 1962, 1963, 1968,
1974, 1977, 1981, 1984, 1986) and weak EAWM years
(1973, 1979, 1989, 1990, 1998) for study. Here 1953
indicates the 1952/1953 winter (December 1952, Jan-
uary 1953, and February 1953), etc. Comparing the
above strong and weak EAWM years with other re-
search (Chen et al., 1999; Chen et al., 2000; Jhun et
al., 2004), most strong and weak years are the same,
especially 1973, 1977, 1979, 1984, and 1986. Because
the low-level winds over East Asia in winter (DJF) and
summer (JJA) can reflect EAWM and EASM activi-
ties, the composite 850-hPa wind anomalies in winter
and summer during strong or weak EAWM years are
presented in Figs. 1a–d. Clearly, northeasterly winds
during strong EAWM cases were enhanced along the
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Fig. 1. Composite 850-hPa wind anomalies respectively in (a, b) winter and (c, d) summer in (a,
c) strong and (b, d) weak EAWM years. Shading indicates the composite wind exceeding the 95%
confidence level of the student t-test.

Fig. 2. Correlation coefficients between the EAWM index IEAWM and the meridional wind at (a)
surface and (b) 850 hPa in JJA from 1949 to 2004. Shading indicates the correlation coefficient
exceeding 95% confidence level.
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East Asian coast and extended southward toward the
equator in winter (Fig. 1a), while anomalous south-
westerly winds occurred over East Asia in the subse-
quent summer, enhancing the EASM (Fig. 1c). On the
contrary, during weak EAWM years, anomalous south-
westerly winds occurred along the East Asian coast in
winter (Fig. 1b) and anomalous northerly winds oc-
curred over the East Asian region in the subsequent
summer (Fig. 1d). The anomalous winds over East
Asia exceeded the 95% confidence level of student t-
test. To some extent, these distributions of anomalous
wind show that strong EAWM is advantageous for the
occurrence of strong EASM in following summer and
that weak EAWM is advantageous for the occurrence
of weak EASM in following summer.

Apart from this analysis, we calculated the corre-
lation between the IEAWM (Yan et al., 2009) and the
meridional winds, respectively, at surface level (Fig.
2a) and at 850 hPa in JJA (Fig. 2b). Higher positive
correlations exceeding the 95% confidence level were
located over East Asia, and its central value was >0.4.
The correlation field also displayed an in-phase varia-
tion between EAWM and EASM: a strong EASM oc-
curred in summer following a previous strong EAWM
in winter and a weak EASM in summer occurred fol-
lowing a previous weak EAWM in winter. The distri-
butions of correlation coefficients in Figs. 2a and 2b
are very similar, but the area of higher positive correla-
tion exceeding the 95% confidence level over East Asia
in Fig. 2b is larger than that in Fig. 2a, indicating
that the correlation between EAWM and meridional
winds at 850 hPa is more obvious.

To further substantiate the above claim, we an-
alyzed the previous circulation characteristics based
on the IEAWM, defined as the seasonally (JJA) aver-
aged value at 850 hPa within the East Asian mon-
soon domain (10◦–40◦N�110◦–140◦E; Li and Zeng,
2002, 2003, 2005). Figure 3 depicts the composite
wind anomalies at 850 hPa in preceding winter of
strong EASM years (1949, 1951, 1961, 1962, 1963,
1973, 1985, 1998) and weak EASM years (1957, 1981,
1984, 1989, 1996, 1997, 1999, 2004, 2009). Shaded ar-
eas indicate significantly anomalous winds at the 95%
confidence level. Clearly, the anomalous winds over
East Asia in a preceding winter in strong EASM years
are significantly different than those in weak EASM
years. Northeasterly winds (Fig. 3a) occurred in
strong EASM years, and southwesterly winds (Fig. 3a)
occurred in weak EASM years. The distributions of
anomalous winds indicate that the preceding EAWM
is strong during strong EASM years and weak dur-
ing weak EASM years. Meanwhile, we also calculated
the correlation between regionally averaged meridional
winds over East Asia (20◦–40◦N, 100◦–130◦E) in sum-

mer and the surface temperature (Fig. 4a), as well as
the meridional 850-hPa winds (Fig. 4b), in the preced-
ing winter. The distributions of correlation coefficients
are given in Fig. 4. Obviously negative correlations ex-
ceeding the 95% confidence level are located over East
Asia, indicating that strong EASM variation is closely
linked with the lower surface temperatures and north-
ward meridional winds at 850 hPa over East Asia in
the preceding winter and that weak EASM variation
is closely linked with the higher surface temperature
and southward meridional winds at 850 hPa over East
Asia in the preceding winter.

3. Possible mechanisms

3.1 Influences of EAWM on tropical SST and
atmospheric thermal conditions

Because of the long “memory” of tropical SST
provided by oceanic thermal inertia, SST anomalies
(SSTAs) play an important role in global climate
change, especially by providing and adjusting atmo-
spheric energy. Li and Hu (1987) and Li (1988) no-
ticed that the frequent activities of strong cold air or
strong EAWM over East Asia in winter spread energy
into the western equatorial Pacific, resulting in weak
trade winds near the equator, and further triggering
the El Niño–Southern Oscillation�ENSO�. Other
research has also substantiated the relationship be-
tween the winter/summer circulation and SST (Sun
and Sun, 1996; Chen et al., 1999; Zhang and Li, 2004;
Yang et al., 2005a, b; Zhang and Wang, 2006; Zhou
et al., 2007). Figure 5 illustrates the lead–lag cor-
relation between IEAWM (Yan et al., 2009) and SST.
The results show that EAWM is closely related to SST
variation in the northwest Indo-Pacific region from
simultaneous winter (DJF) to autumn (September–
October–November, +SON; Figs. 5c–f). Obvious neg-
ative correlation exceeding the 95% confidence level in
the northwest Indo-Pacific region persists from simul-
taneous winter (DJF) to lagging autumn (+SON; Figs.
5c–f), but the correlation in preceding summer (−JJA;
Fig. 5a) and autumn (−SON; Fig. 5b) before winter
is not significant. Lagging correlation distributions in-
dicate that strong EAWMs cause the cold SSTs in the
northwest Indo-Pacific region from simultaneous win-
ter to the next autumn.

According to the strong and weak EAWM years
defined by Yan et al. (2009), monthly variations of
area-averaged SSTAs in the equatorial Indian Ocean
(40◦–100◦E�10◦S–10◦N), and the South China Sea
(SCS) region (105◦–120◦E�10◦–25◦N) during strong
and weak EAWM years are presented in Fig. 6. Trop-
ical SSTs vary differently during strong and weak
EAWM years, not only in winter, but also afterward.
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Fig. 3. Composite wind anomalies in preceding winter in (a) strong and (b) weak EASM
years. Shading indicates the composite fields exceeding 95% confidence level.

 

 

 

 

 

 

 

 

 

 

(a) (b) 

Fig. 4. Correlation between the regionally averaged meridional wind over East Asia (20◦–
40◦N, 100◦–130◦E) in summer and (a) the surface temperature and (b) the meridional wind
at 850 hPa in preceding winter. Shaded areas indicate correlation above the 95% confidence
level.

During strong EAWM years, both the equatorial In-
dian Ocean and the SCS have continuously cold SST
anomalies from January to December; but both re-
gions have continuously warm temperature anomalies
during weak EAWM years. Sustaining SST variation
in the equatorial Indian Ocean is more obvious than
that in the SCS region. These persistent SST varia-
tions influence the later atmospheric circulation and
climate variation through air–sea interactions.

Seasonal variation of the land–sea thermal contrast
is an original power of the monsoon formation. Be-
cause of obviously different thermal qualities, the SST
is higher than the surface temperature over the land
in winter, and vice versa in summer, which induces
an opposite air stream between land and ocean. Fig-
ure 7 exhibits the difference of monthly variation of
area-averaged surface temperature (East Asia minus
SCS) during strong and weak EAWM years, which
to some extent reflects the seasonal variation of the
meridional land–sea thermal contrast. The meridional
land–sea thermal contrast exhibits evident seasonal

variation, but it varies differently between strong and
weak EAWM years. The land–sea thermal contrast
is negative in winter but positive in summer during
strong EAWM years, which is just the opposite dur-
ing weak EAWM years. According to the seasonal
variation of the large-scale, land–sea thermal contrast,
temperature is higher over the land than on the sea
in summer. Correspondingly, a low-level air stream
flows from sea to land. Because of the persistent in-
fluence of EAWM anomaly on SST, a secondary land-
sea thermal gradient is added to the large-scale, land–
sea contrast background, further inducing later EASM
anomalies. After strong EAWM years, the anomalous
variation of land–sea thermal contrast in summer fur-
ther strengthens the meridional land–sea thermal con-
trast (Fig. 7), thereby resulting in the anomaly of the
summer atmospheric circulation over East Asia, cre-
ating a stronger EASM. After weak EAWM years, the
anomalous variation of land–sea thermal contrast in
summer further weakens the meridional land–sea ther-
mal contrast (Fig. 7), thereby resulting in the anomaly
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(c) DJF (d) +MAM 

(e) +JJA (f) +SON 

(a) -JJA (b) -SON 

Fig. 5. Correlation between IEAWM and SST (a) preceding summer (−JJA), (b) pre-
ceding autumn (−SON), (c) simultaneous winter (DJF), (d) lagging spring (+MAM),
(e) lagging summer (+JJA); (f) lagging autumn (+SON).

of the summer atmospheric circulation over East Asia,
creating a weaker EASM.

During strong or weak EAWM years, not only does
the tropical SST exhibit persistent anomaly, but the
low-latitude (10◦S–10◦N) atmospheric thermal state
at lower and upper levels also shows evident dis-
crepancy. The low-latitude troposphere is anoma-
lously cold in the winters of strong EAWM years (Fig.
8a) and is anomalously warm in the winters of weak
EAWM years (Fig. 8b). These dynamics maintain
cold (strong EAWM years) and warm (weak EAWM
years) in the following summer, indicating the dura-
tion of the atmospheric thermal state at lower and up-

per troposphere (Figs. 8c and d). Moreover, the per-
sistent anomaly of the low-latitude atmospheric ther-
mal state from winter to summer has some impact on
the variation of the atmospheric thermal contrast over
land and sea, and on EASM activities. This subject
requires further exploration and is not discussed in this
paper.

3.2 Impacts of persistent SSTA on later at-
mospheric circulation

The previous discussion suggests an enduring in-
fluence of EAWM on tropical SST and on atmosphere
in the lower and upper troposphere. Considering the
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Fig. 6. Monthly variation of SST averaged in (a) the equatorial Indian Ocean (10◦S–10◦N, 40◦–
100◦E) and (b) South China Sea (10◦–25◦N, 105◦–120◦E) during strong (solid line) and weak
(dashed line) EAWM years.

Fig. 7. Monthly meridional thermal contrast in winter
between East Asia (30◦–40◦N, 110◦–130◦E) and South
China Sea (10◦–25◦N, 105◦–120◦E) during strong (solid
line) and weak (dashed line) EAWM years.

interaction between ocean and atmosphere, how will
SST variation impact atmospheric anomalies? Zhou
and Wang (2006) reported that variation of the
Hadley Cell induced anomalous SST over Indian
Ocean and SCS, and that the persistent SST anoma-
lies from spring to summer then consequently resulted
in anomalous East Asian summer circulation, further
influencing the summer precipitation over the Yangtze
River valley. Figure 9 respectively shows the anoma-
lous 850-hPa velocity potential in January and July
during strong and weak EAWM years, with negative
values indicating anomalous convergence and positive
values for anomalous divergence. In the January of
strong EAWM years, the anomalous northerly winds
over East Asia produce anomalous convergence over
the low-latitude regions in Indian Ocean and the west-
ern Pacific. In the January of weak EAWM years, the
anomalous southerly winds over East Asia produced
anomalous divergence over the low-latitude regions in
Indian Ocean and the western Pacific. Meanwhile, the
anomalous Walker Cell also caused anomalous diver-
gence (Fig. 9a) and convergence (Fig. 9b) over the

eastern Pacific. In the following summer, the anoma-
lous velocity potential over the eastern Indo-Pacific
region was also significantly different, with the dis-
tribution of positive–negative anomalies during strong
EAWM years and the distribution of negative–positive
anomalies during weak EAWM years (Figs. 9c and
d). Positive anomalies over the Indo-Pacific region in-
dicate divergent airflow from the ocean to the East
Asian continent, and negative anomalies show conver-
gent airflow from land to ocean.

Variation of the large-scale convergence or di-
vergence over the equatorial Indo-Pacific region in
summer directly influences the summer circulation
anomaly over East Asia. In the summer after strong
EAWM years, the anomalous divergence over the equa-
torial Indo-Pacific region strengthens the southerly
winds in East Asia and therefore results in a stronger
EASM. Whereas anomalous convergence weakens the
southerly monsoon stream and thus leads to a weaker
EASM (Fig. 10). Figure 10 shows that anomalous
upward flows are evident near 30◦N, therefore causing
less summer rainfall over the Yangtze River valley after
strong EAWM years and that anomalous downward
flows are also evident, causing more summer rainfall
after weak EAWM years (Zhao, 1999).

The above analyses indicate that the impacts
of EAWM on the tropical SST and persistent SST
anomalies possibly play an important role in the rela-
tionship between EAWM and EASM, especially in the
air–sea interactions over the equatorial Indo-Pacific re-
gion. Considering the seasonal shifts in the land–sea
thermal contrasts, as well as the variations of the trop-
ical SST and atmospheric circulations during strong or
weak EAWM years, reasonable explanations for the in-
terrelation between EAWM and EASM emerge: Dur-
ing strong EAWM year, the persistent cold SSTA over
the tropical region strengthens the land–ocean ther-
mal contrast in the following summer, and further
strengthens the tropical meridional circulation and the
EASM. However, the impacts of the persistent warm
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Fig. 8. Longitude-height section of temperature anomalies averaged in 10◦S–10◦N in (a, b) January
and (c, d) July during (a, c) strong and (b, d) weak EAWM years.

SSTs during weak EAWM years cause opposite effect:
weakening of the land–ocean thermal contrast in sum-
mer, and further weakening of the tropical meridional
circulation and EASM. Yan and Xiao (2000) analyzed
the influences of the persistent cold and warm Indian
Ocean SSTs on EASM activities, concluding that the
continuously cold SSTA over the Indian Ocean from
winter to summer not only creates an earlier outbreak
of EASM but also strengthens the EASM circulation,
while the effects of continuously warm SSTAs are the
opposite. The results based on data diagnosed in this
paper are consistent with their modeling results.

Furthermore, the variation of anomalous velocity
potential over the Indo-Pacific region from winter to
summer exhibits an evident seasonal variation: con-
vergence or divergence in winter with converse diver-
gence or convergence in summer. The seasonal varia-
tion of the airstreams makes stronger EASM following
the previous strong EAWM and weaker EASM follow-
ing the previous weak EAWM. What, then, is the rea-
son for the seasonal variation of the airstreams over the
Indo-Pacific region? Apart from the anomalous vari-
ation of the land–sea thermal contrast resulting from
the persistent tropical SSTAs, seasonal variation of the

air streams might also correlate with the seasonal vari-
ations of the large-scale mean air stream, and also the
SST–radiation–cloud negative feedback. This dynamic
process requires more research to be fully understood.

4. Numerical simulation

Previous work (Yan et al., 2009) shows that the
variation of the East Asian surface temperature in win-
ter, to a certain extent, reflects the strength of the
EAWM, with lower surface temperature during strong
EAWM years and higher surface temperature during
weak EAWM years. Based on this analysis, this study
also further investigated the impacts of EAWM on the
EASM by numerical simulation. The global circula-
tion mode (GCM) used in this study was IAP-GCM9L,
a nine-level GCM developed from a two-level GCM by
the modeling group from the Institute of Atmospheric
Physics. The resolution of IAP-GCM is 4◦×5◦. The
model was inspected systematically and strictly using
many tests and sensitivity experiments: climatologi-
cal mean fields for different season, low-frequency os-
cillation, teleconnection, and others. The model can
simulate the basic features of the atmospheric general
circulation and its changes, especially Asian monsoon
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(a) January (strong EAWM year) (b) January (weak EAWM year) 

(c) July (strong EAWM year) (d) July (weak EAWM year) 

Fig. 9. The 850-hPa stream function in (a, b) January and (c, d) July in (a, c) strong
and (b, c) weak EAWM year. Shades indicate the stream function exceeding the 95%
confidence level.

Fig. 10. Longitude-height section of vertical circulation in July averaged in 110◦–
120◦E for (a) strong and (b) weak EAWM year. Shades indicate the vertical velocity
above 0.005 m s−1.

activities (Bi, 1993; Liang, 1996).

4.1 Simulation scheme

According to the results based on observation data,
a numerical simulation scheme is displayed in Fig. 11.
Two kinds of anomalous surface temperature gradi-
ents were added to the long-time averaged surface-
temperature fields. First, anomalous test 1 (Fig. 11a)
modeled cold surface temperatures over East Asia (de-
noted as A1). Second, anomalous test 2 (Fig. 11b)

modeled warm surface temperature over East Asia (de-
noted as A2). Finally, a control test (figure is omitted)
modeled the long-time mean surface temperature field
(denoted as C). The additional surface temperature
anomalies in these two tests to some extent reflect the
variation of surface temperature in East Asia during
respectively strong and weak EAWM years. The nu-
merical integration time was from January to Decem-
ber, but the anomalous surface temperatures (showed
in Fig. 11) were only added for 3 January to 18 Jan-



1354 RELATIONSHIP BETWEEN EAWM AND EASM VOL. 28

Fig. 11. Simulation scheme of surface temperature in East Asia: (a)
cold surface temperature anomalies (A1); (b) warm surface tempera-
ture anomalies (A2). Contour interval is 1.0◦C.

uary. Considering the influences of different initial
fields on the simulation results, we mainly studied the
averaged fields of numerical simulation based on five
different initial fields. The impact of differing win-
ter warm and cold surface temperatures (i.e., strong
and weak EAWMs) on EASMs was analyzed using the
output of cold surface temperature test minus that of
warm surface temperature test (A1–A2) and the out-
put of the warm surface temperature test minus that of
the control test (A2–C). The results of these analyses
are presented in the following section.

Fig. 12. (a) 850-hPa wind anomaly in JJA of warm sur-
face temperature test minus control test (A2–C). (b)
Same as (a), but for the cold surface temperature test
minus warm surface temperature test (A1–A2).

4.2 Numerical simulation results

Figure 12 shows respectively the low-level 850-hPa
wind anomalies in JJA forced by warm surface tem-
perature in winter (Fig. 12a; A2 minus C) and the
differences between cold and warm surface tempera-
ture test (Fig. 12b, A1 minus A2). In Fig. 12a, an
anomalous cyclone was located at the northwestern
Pacific region, and anomalous northerlies to the west
of the anomalous cyclone controlled the subtropical
region in East Asia, indicating that the warm surface
temperature in winter made a weak SWPH in the fol-
lowing summer and also a weak EASM. Meanwhile,
Fig. 12b shows that an anomalous anticyclone lay
in East Asia-northwestern Pacific region at 25◦–40◦N,
with anomalous southerlies in the subtropical region
over East Asia, suggesting that cold land surface tem-
perature anomaly in winter results in the SWPH’s en-
hancing and moving northward in the following sum-
mer and also correspondingly strengthen the EASM.
The influences of EAWM on the following EASM from
our numerical simulation were consistent with the re-
sults based on observation data of Chen et al. (2000),
and our results also support the in-phase variation of
EAWM and EASM in the data analyses presented in
a previous section herein.

On the other hand, as shown in the anomalous vec-
tor wind by modeling, the SWPH was much stronger
when it was forced by the cold surface temperatures
in January than when it was forced by warm surface
temperatures (Fig. 12a).

5. Conclusions

Variations of the atmospheric circulation in differ-
ent seasons are interrelated and interactive. Based on
data analyses and GCMs, this study focused on the
relationship between EAWMs and EASMs. Using cor-
relation analyses, composite analyses, and numerical
simulations, the interrelationships between EAWMs
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and EASMs were investigated based on some repre-
sentative factors like EAWM index, EASM index, sur-
face temperature and low-level meridional winds over
East Asia. Our research results led to the following
conclusions:

(1) There is a clear relationship between EAWM
and EASM: a strong EAWM favors a stronger EASM
in the following summer, whereas a weak EAWM tends
to precede a weaker EASM.

(2) Possible mechanisms of the relationship be-
tween EAWM and EASM have been determined pre-
liminarily based on the data diagnostics: anomalous
EAWMs have a persistent impact on the SST variation
over the tropical Indian Ocean and the SCS, and also
on the atmospheric thermal anomaly in the lower and
upper troposphere in the equatorial region. Through
such persistent impact, the anomalous EAWMs af-
fect the land–sea thermal contrast in summer and
the atmospheric divergence or convergence over the
Indo-Pacific region. Further, they influence the merid-
ional EASM circulation and EASM activities over East
Asia. In the summer after a strong EAWM year, di-
vergence over the Indo-Pacific region may enhance the
southerly winds in East Asia, leading to a stronger
EASM, whereas convergence over the Indo-Pacific re-
gion may weaken the southerly winds, resulting in a
weaker EASM.

(3) Impacts of the EAWM on the SWPH in summer
as exhibited by numerical simulations not only sup-
port our data diagnostics but also are consistent with
previous research results. This feature illustrates the
in-phase variation between EAWM and EASM, and it
also provides scientific evidence for the prediction of
EASM circulation and climate over East Asia through
analysis of preceding EAWM activities and tropical
SST variation.
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