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ABSTRACT

Growing evidence indicates that the Asian monsoon plays an important role in affecting the weather and
climate outside of Asia. However, this active role of the monsoon has not been demonstrated as thoroughly
as has the variability of the monsoon caused by various impacting factors such as sea surface temperature
and land surface. This study investigates the relationship between the Asian monsoon and the climate
anomalies in the Asian-Pacific-American (APA) sector. A hypothesis is tested that the variability of the
upper-tropospheric South Asian high (SAH), which is closely associated with the overall heating of the
large-scale Asian monsoon, is linked to changes in the subtropical western Pacific high (SWPH), the mid-
Pacific trough, and the Mexican high. The changes in these circulation systems cause variability in surface
temperature and precipitation in the APA region. A stronger SAH is accompanied by a stronger and more
extensive SWPH. The enlargement of the SWPH weakens the mid-Pacific trough. As a result, the southern
portion of the Mexican high becomes stronger. These changes are associated with changes in atmospheric
teleconnections, precipitation, and surface temperature throughout the APA region. When the SAH is
stronger, precipitation increases in southern Asia, decreases over the Pacific Ocean, and increases over
the Central America. Precipitation also increases over Australia and central Africa and decreases in the
Mediterranean region. While the signals in surface temperature are weak over the tropical land portion,
they are apparent in the mid latitudes and over the eastern Pacific Ocean.

Key words: South Asian high, subtropical western Pacific high, mid-Pacific trough, Mexican high, Asian-

Pacific-American climate

1. Introduction

It has long been postulated that the Asian mon-
soon plays an active role in the variability of the
world’s weather and climate. Perhaps this postula-
tion finds its roots in the observation that the In-
dian summer monsoon is more strongly related to the
conditions of the Southern Oscillation after the mon-
soon than to those before the monsoon (Walker, 1923,
1924; Normand, 1953). Indeed, for the period of 1950-
2000, the correlation coefficient is −0.45 (0.19) be-
tween the All-India summer monsoon rainfall and the
wintertime Southern Oscillation index after (before)
the monsoon. A similar feature has also been demon-
strated between the monsoon and the surface pres-
sure in Darwin, Australia (Shukla and Paolino, 1983).
Growing evidence has demonstrated the importance
of monsoon signals for explaining subsequent changes

in the El Niño/Southern Oscillation (ENSO) and the
coupled tropical atmosphere-ocean system, especially
on the biennial timescales (e.g., Yasunari, 1990; Lau
and Yang, 1996; Meehl, 1997; Chang and Li, 2000).

The influence of the Asian monsoon on ENSO has
been attributed to the interaction between the west-
erlies and the easterly trade winds over the tropical
Indo-Pacific oceans (Barnett 1984; Webster and Yang,
1992). Numerical models have shown that monsoon-
related variability in wind stress and heat flux leads to
changes in the intensity and phase of ENSO (Wainer
and Webster, 1996; Chung and Nigam, 1999; Kirt-
man and Shukla, 2000; Kim and Lau, 2001; Wu and
Kirtman, 2003). Limited evidence even suggests that
monsoon activity triggers the onset of ENSO (Barnett
et al., 1989; Li, 1990; Yasunari and Seki, 1992; Xu and
Chan, 2001).
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The heating associated with the Asian summer
monsoon has been linked to the variability of west-
erly jet streams in the Southern Hemisphere (Yang
and Webster, 1990). Several studies (Yang et al.,
1992; Webster et al., 1992, 1998, and Chen, 2003)
have also emphasized the importance of this heating
on the African monsoon and the climate over the Sa-
hara desert through the lateral monsoon component.
According to Rodwell and Hoskins (1996, 2001), while
the change in the equatorward portion of the subtrop-
ical western Pacific high (SWPH) can be viewed as a
Kelvin wave response, the Mediterranean climate is a
Rossby wave response to the heating associated with
the Asian monsoon.

Although it is known that the anomalies in the
tropical western Pacific sea surface temperature (SST)
are often linked to atmospheric wavetrains that af-
fect the climate in East Asia, the North Pacific, and
North America (e.g., Huang, 1984, 1985; Nitta, 1987;
Lau and Peng, 1992), it is only recently that the rela-
tionship between the East Asian and North American
climate has been studied explicitly (Lau and Weng,
2002; Lau et al., 2004; Ding and Wang, 2005; Lau et
al., 2005; Li et al., 2005). The teleconnection pattern
of the Asian-Pacific-American (APA) summer climate,
which is apparently part of a circum-global pattern, is
closely related to the second most dominant mode, as
in the case of the winter season (Yang et al., 2002).

In spite of the evidence reviewed above, the im-
pact of the Asian monsoon on the global climate has
not been demonstrated as thoroughly as has the mon-
soon variability associated with factors such as SST
and land surface processes. As pointed out by Yang
and Lau (2005), the reasons for this problem include
the substantial regional features of the monsoon and
the difficulties in representing and integrating these
regional features in numerical models as forcing func-
tions. While one regional monsoon may be more in-
fluential in affecting the large-scale climate during a
specific period of time, other regional monsoons may
become more dominant at different times. The state-
of-the-art general circulation models are still incapable
of representing this relative dominance. For example,
they cannot specify the meteorological elements that
measure the atmospheric and land surface conditions
over the Eurasian continent as a forcing for the coupled
atmosphere-ocean-land climate system.

The upper-tropospheric South Asian high (SAH)
is a major atmospheric component of the Asian mon-
soon. It plays an important role in affecting the cli-
mate in Asia, such as the summer rainfall pattern in
central and northern China (e.g., Zhang and Wu, 2001;
Huang and Qian, 2004). The SAH is a combined mea-
sure of the overall heating in the atmosphere and the

land surface conditions (see Yang et al., 2004) and ref-
erences therein). One of the advantages of representing
the variability of the Asian monsoon by the change in
the SAH is that the SAH assesses the gross features
of the monsoon over a large portion of tropical Asia.
Indeed, there exists a close relationship between the
SAH and the Webster-Yang monsoon index (Webster
and Yang, 1992), which measures the features of the
broad-scale Asian monsoon circulation.

In this study, we depict the variability of sum-
mertime SAH and the associated variations of Asian,
North Pacific, and North American climate. We fo-
cus on the interannual signals in the Asian monsoon
system, the SWPH, the mid-Pacific trough, and the
surface temperature and precipitation in the APA sec-
tor. In the next section, we provide a brief description
of the datasets used. The results obtained will be an-
alyzed in section 3 and summarized in section 4.

2. Data

The data used in this study include the Na-
tional Centers for Environmental Prediction (NCEP)–
National Center for Atmospheric Research (NCAR)
reanalysis (Kalnay et al., 1996). From the NCEP-
NCAR reanalysis data, which are available from Jan-
uary 1948 to the present, with a horizontal resolu-
tion of 2.5◦×2.5◦, we mainly analyze the geopotential
height and winds.

A newly developed precipitation dataset (PREC)
at NOAA’s Climate Prediction Center (Chen et al.,
2004) is used in our analysis of precipitation. The
PREC data are available globally between 60◦S and
75◦N, covering the period from 1948 to the present.
The precipitation analysis over land is determined by
optimal interpolation of gauge observations for more
than 17000 stations. Over the oceans, the analysis
is determined by empirical orthogonal function recon-
struction using historical gauge observations over is-
lands and satellite-derived estimates.

We also analyze the surface air temperature from
the Climate Anomaly Monitoring Systems (CAMS)
product (Ropelewski et al., 1985). The CAMS tem-
perature dataset is available for the period starting in
1950, with a resolution of 2◦ × 2◦. It was constructed
based on station observations over land and SST in-
formation over the oceans.

3. Results

3.1 Variability of the South Asian high

The South Asian high is one of the major circula-
tion features of the upper troposphere over Asia. AS
shown in Fig. 1, the other major summertime circula-
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Fig. 1

Fig. 1. JJA climatological (1949–2003) locations of the South Asian high measured by contours of
150-hPa geopotential height (in m), the subtropical western Pacific high and the Mexican high by
shadings of 500-hPa geopotential height (m), and the mid-Pacific trough by 200-hPa wind vectors
(m s−1) and geopotential height (m) contours.
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Fig. 2

Fig. 2. JJA correlation between grid-point 150-hPa
geopotential height and an index, which is the average of
the height over 20◦–35◦N, 65◦–95◦E (see the box). Shown
in the shadings is the pattern of the 150-hPa geopotential
height.

tion features over the tropical-extratropical APA re-
gion include the subtropical western Pacific high, the
mid-Pacific trough, and the Mexican high, besides
the Walker circulation over the equator and the East
Asian jet stream farther north (not shown in the fig-
ure). It is hypothesized that the variability of SAH
is linked to the variability of the teleconnection pat-
tern including changes in SWPH, the mid-oceanic
trough, and the Mexican high. It is also hypothesized
that the teleconnection pattern associated with these
changes is accompanied by signals in surface temper-
ature and precipitation in the APA region. These as-
sumptions are based on the representation of the Asian
monsoon by SAH (see discussion above), the strong
monsoon-SWPH relationship (Rodwell and Hoskins,
1996), and the apparent link of the mid-Pacific trough
with SWPH to the west and the Mexican high to the
east.

Fig. 3. Anomalies of the JJA SAH index used in Fig. 2
(see the box). Dashed lines indicate the values of standard
deviation, which are 15 m for 1949–76 and 17 m for 1977–
2003. Also given in the figure are the mean values (m) of
the SAH index for different periods.

To measure the variability of SAH, we derive an in-
dex using the geopotential height of the 150-hPa level,
at which SAH appears most strongly. We construct
the index by averaging the June-July-August (JJA)
mean height within 20◦–35◦N, 65◦–95◦E (see the box
in Fig. 2). Figure 2 shows the pattern of correlation
between this index (see Fig. 3 later) and the grid-point
geopotential height at the same level. The correlation
pattern and its resemblance to the SAH indicate the
appropriateness of the index in measuring the variabil-
ity of SAH.

Figure 3 shows the anomalies of the SAH index
from 1949 to 2003. The index changes clearly from one
year to the next, with a standard deviation of about
16 m. Note that an abrupt change appears in the in-
dex in the year of 1977, characterizing different states
of SAH before and after that time. The mean value
of the index is 14362 m for 1949–76, with a standard
deviation of 15 m, and 14385 m for 1977–2003, with a
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Fig. 4. (a) Same as in Fig. 1 but for the mean of strong SAH years. (b) The mean SAH measured
by the contour of 14380 m, SWPH and the Mexican high by the contour of 5880 m, and the mid-
Pacific trough by the contours of 12340 and 12420 m for strong SAH years (1980, 1988, 1990, 1991,
and 1998; solid lines) and weak SAH years (1992, 1996, 1997, 1999, and 2000; dashed lines).

standard deviation of 17 m. According to Qian et
al. (2002), the strengthening and weakening of SAH
are linked, respectively, to the diabatic heating (la-
tent, sensible, and shortwave radiative heating) and
the cooling effect of infrared radiation.

3.2 South Asian high and Asian-Pacific-Ameri-
can climate

It can be seen from Fig. 3 that, besides the large
year-to-year variability, an apparent change occurred
to the SAH in the 1970s. This change may be related
to the so-called climate shift in the mid 1970s (Nitta
and Yamada, 1989). However, a number of studies
(Yang et al., 2002; Inoue and Matsumoto, 2004; Wu
et al., 2005) have demonstrated a potential problem in
the NCEP-NCAR reanalysis of the early years in the
Asian monsoon region. Without a thorough assess-
ment of data quality, any result about the monsoon
variability prior to the 1970s revealed merely by the
NCEP-NCAR reanalysis may be misleading. Because
of this and because of our focus on the interannual
timescales, we limit our analysis to the later period
depicted in Fig. 3.

We now conduct a composite analysis of the APA

teleconnection patterns and climate variations associ-
ated with a strong and a weak South Asian High. We
pick the years of strong (weak) SAH as the years when
it is stronger (weaker) than normal by one standard de-
viation. Figure 4a displays the summertime major cir-
culation features for the years of strong SAH. It clearly
shows the positions of SAH, SWPH, the mid-Pacific
trough, and the Mexican high. Between the strong
and weak categories of SAH, the high measured by
the contour of 14380 m changes substantially (Fig. 4b).
When SAH intensifies, the SWPH (measured by the
contour of 5880 m) becomes stronger correspondingly.
This feature implies that an increase in the intensity
of SAH strengthens the atmospheric sinking motion
over the subtropical Pacific, as a response to the over-
all monsoon heating. This also suggests a stronger
zonal-vertical cell between Asia and the North Pacific.

The intensification of the SWPH is also accompa-
nied by a spatial expansion of the system. In par-
ticular, the eastward expansion of the high weakens
the mid-Pacific trough and pushes the trough east-
ward. Note that westerlies prevail over this subtropi-
cal trough. That is, the trough is closely linked to the
so-called “westerly duct” of the atmosphere (Webster
and Holton, 1982). These westerlies provide an impor-
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Fig. 5 Longitude-height cross-sections of geopotential
height (in m) along 20◦–30◦N. Values in which zonal means
have been removed are shown for (a) strong SAH years, (b)
weak SAH years, and (c) their differences.

tant channel for the tropical-extratropical atmospheric
interaction, which is manifested by a strong southeast-
ward Rossby wave propagation near the trough. When
the mid-Pacific trough weakens and shifts eastward,
the southeastward propagation of atmospheric energy,
represented by perturbational kinetic energy and po-
tential vorticity, becomes weaker (Arkin and Webster,
1985; Webster and Yang, 1989; Yang, 1990). Figure 4b
also illustrates that the weakening in the mid-Pacific
trough is accompanied by intensification of the Mexi-
can high in the southern portion.

Figure 5 shows the longitude-height cross sections
of the difference in geopotential height between the
strong and weak SAH groups, along the latitude band
of 20◦–30◦N. The zonal averages have been removed
from the values shown. SAH is clearly an upper-
tropospheric phenomenon, which is accompanied by a
relative low underneath. On the contrary, SWPH and
the Mexican high appear in the middle and lower tro-
posphere. The mid-Pacific trough extends deeply from
the upper troposphere, where it is the strongest, to
the surface. The westward-tilted (with height) system
overlies the subtropical high over the western-central
Pacific and extends to the surface over the eastern Pa-
cific.

A stronger SAH is characterized by an increase in
height in a deep atmosphere but a decrease in height

in the lower atmosphere (Fig. 5c). The largest inten-
sification of SWPH associated with a stronger SAH
occurs near 130◦E, at the middle troposphere, and the
strongest weakening of the mid-Pacific trough appears
over 170◦–150◦W. The strengthening of the Mexican
height is most outstanding near 100◦W, in the middle
troposphere.

Figure 6 shows the climatological pattern of JJA
precipitation and the difference in precipitation be-
tween the strong and weak SAH categories. The dif-
ference in percentage change of precipitation is also
shown in the figure to measure the degree of signifi-
cance of the precipitation changes (see Fig. 6c). When
SAH is strong, the summer monsoon rainfall increases
over southern and eastern Asia and the tropical east-
ern Indian Ocean. Over the subtropical Pacific Ocean,
a large-scale decrease in precipitation occurs because
of the intensification of SWPH. A strong decrease in
precipitation also emerges over the equatorial central-
eastern Pacific. Over North America, precipitation
increases between 10◦N and 30◦N, associated with a
stronger monsoon high, and decreases northward. Fig-
ure 6 also shows that precipitation decreases in North
Africa, the Mediterranean region, and southern Eu-
rope, and increases over the equatorial Atlantic and in
central Africa when SAH is strong. In particular, the
monsoon rainfall over the Sahel increases.

As seen from Fig. 7, which shows the climatological
pattern of JJA surface temperature and the difference
in temperature between the strong and weak SAH, the
changes in SAH are associated with apparent temper-
ature signals over the mid latitudes of the Northern
Hemisphere. Generally, the temperature increases (de-
creases) in correspondence to the decrease (increase)
in precipitation because of the changes in solar radia-
tion due to changes in cloud cover. Over the eastern
Pacific Ocean, cooling appears when there is less fresh-
water input because of the decrease in precipitation
(Yang et al., 1999). Nevertheless, cooling in the ocean
in turn restrains the development of atmospheric con-
vection. Thus, the local patterns of temperature and
precipitation reflect a strong interaction between the
atmosphere and the underlying ocean. In addition, the
summertime signals over the tropical land portion are
relatively weak, as expected.

It is noted from Fig. 7b that negative values of tem-
perature difference appear over the tropical central-
eastern Pacific, meaning that the temperature is colder
in the strong SAH category than in the weak one. The
decrease in the temperature is accompanied by a de-
crease in precipitation (see Fig. 6). This feature may
lead to a speculation of the impact of ENSO on the
precipitation and temperature signals. Indeed, in the
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Fig. 6 (a) Climatology of JJA precipitation (1977–2003, unit: mm d−1). (b) Difference in JJA
precipitation between strong and weak SAH years (contours: −2, −1, −0.5, 0.5, 1, and 2, unit: mm
d−1). (c) Percentage of precipitation change (%) between strong and weak SAH years (contours:
−100%, −75%, −50%, −25%, 25%, 50%, and 75%), which is defined as the ratio of the difference
in precipitation between strong and weak SAHs to the climatological (1977–2003) precipitation.

five strong SAH summers, the anomalies of Niño-3.4
SST were −1.45 and −1.05 in 1988 and 1998, respec-
tively. Also, in the five weak SAH summers, the Niño-
3.4 anomaly was 1.81 in 1997. Thus,the features shown
in Figs. 6 and 7, especially those over the tropical Pa-
cific,may have reflected the precipitation andtempera-
ture featuresassociated with La Niña events. However,

the mean Niño-3.4 SST anomalies are only −0.24 and
0.15 for the strong and weak SAH groups. In fact,
the changes in precipitation and temperature shown
in the figures are clearly different from the ENSO-
related features [e.g., Ropelewski and Halpert (1986);
also see http://www.cdc.noaa.gov/ENSO/Compare].
More specifically, the changes in precipitation outside
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Fig. 7 (a) Climatology of JJA surface air temperature (◦C; 1977–2003). (b) Difference in JJA
temperature between strong and weak SAH years (contours: −1.5, −1, −0.5, 0.5, 1, and 1.5◦C).

the tropical Pacific (Fig. 6) and the changes in surface
temperature over the North Pacific, North America,
and Europe (Fig. 7) are substantially different from
those appearing in the composite patterns for ENSO
events.

4. Summary

It is generally believed that the Asian monsoon
plays an active role in the variability of the world’s
weather and climate. However, the impact of the mon-
soon has not been demonstrated thoroughly due to dif-
ferent reasons such as the large spatial features of the
monsoon and difficulties in representing the monsoon’s
influence in general circulation models. In this study,
we assume that the large-scale Asian monsoon can be
measured by the South Asian high and test a hypoth-
esis that the variability of SAH is linked to changes in
the subtropical western Pacific high, the mid-Pacific
trough, and the Mexican high—major circulation sys-
tems in the APA region.

A stronger SAH is accompanied by a stronger and
expanded SWPH, a weaker mid-Pacific trough, and
a stronger Mexican high. Associated with these sig-

nals in the atmospheric teleconnection pattern, pre-
cipitation and surface temperature change throughout
the APA region. When the SAH is stronger, pre-
cipitation increases in southern Asia, decreases over
the Pacific Ocean, and increases over Central Amer-
ica. Precipitation also increases over Australia and
central Africa but decreases in the Mediterranean re-
gion. The general decrease in precipitation over the
tropical-subtropical Pacific is associated with cooling
in the ocean domain.

This is only a preliminary analysis, in which the
changes in APA climate associated with the Asian
monsoon are revealed. Although a novel hypothesis
has been tested in this study with reasonable evidence,
more studies are needed to demonstrate the robustness
of the results obtained. It is felt that limitations in the
availability of reliable, long-recorded data also hamper
a thorough observational study in that these data are
necessary for us to investigate the interdecadal vari-
ability and isolate the influence of ENSO effectively.

Acknowledgments. The authors appreciate the

helpful comments of the editor of the journal and the

two anonymous reviewers that improved the quality of

this paper. The first author is thankful for the support



922 SOUTH ASIAN HIGH AND ASIAN-PACIFIC-AMERICAN CLIMATE TELECONNECTION VOL. 22

from the NOAA’s Climate Prediction Center where he

conducted research activities under the China Meteoro-

logical Administration-U.S. National Oceanic and Atmo-

spheric Administration bilateral program.

REFERENCES

Arkin, P. A., and P. J. Webster, 1985: Annual and interan-
nual variability of tropical-extratropical interaction:
An empirical study. Mon. Wea. Rev., 113, 1510–1523.

Barnett, T. P., 1984: Interaction of the monsoon and Pa-
cific trade wind system at interannual time scales:
Part II: The tropical band. Mon. Wea. Rev., 112,
2380–2387.

Barnett, T. P., L. Dumenil, U. Schlese, E. Roecker, and
M. Latif, 1989: The effect of Eurasian snow cover on
regional and global climate variations. J. Atmos. Sci.,
46, 661–685.

Chang, C.-P., R. Zhang, and T. Li, 2000: Interannual
and interdecadal variations of the East Asian mon-
soon and tropical Pacific SSTs. Part I: Roles of the
subtropical ridge. J. Climate, 13, 4310–4325.

Chang, C.-P., and T. Li, 2000: A theory for the tropo-
spheric biennial oscillation. J. Atmos. Sci., 57, 2209–
2224.

Chen, M., P. Xie, J. E. Janowiak, P. A. Arkin, and T.
M. Smith, 2004: Verifying the reanalysis and climate
models outputs using a 56-year data set of recon-
structed global precipitation. The AMS 14th Confer-
ence on Applied Climatology, Seattle, WA, 11–15 Jan-
uary 2004.

Chen, T.-C., 2003: Maintenance of summer monsoon cir-
culations: A planetary-scale perspective. J. Climate,
16, 2022–2037.

Chung, C., and S. Nigam, 1999: Asian summer monsoon -
ENSO feedback on the Cane-Zebiak model ENSO. J.
Climate, 12, 2787–2807.

Ding, Q., and B. Wang, 2005: Circumglobal teleconnection
in the Northern Hemisphere summer. J. Climate, 18,
3483–3505.

Huang Ronghui, 1984: The characteristics of the forced
planetary wave propagations in the summer Northern
Hemisphere. Adv. Atmos. Sci., 1, 85–94.

Huang Ronghui, 1985: Numerical simulation of the three-
dimensional teleconnections in the summer circulation
over the Northern Hemisphere. Adv. Atmos. Sci., 2,
81–92.

Huang Yanyan, and Qian Yongfu, 2004: Relationship be-
tween South Asian High and characteristic of precip-
itation in mid and lower reaches of the Yangtze River
and North China. Plateau Meteorology, 23, 68–74. (in
Chinese)

Inoue, T., and J. Matsumoto, 2004: A comparison of
summer sea level pressure over East Eurasia between
NCEP-NCAR reanalysis and ERA-40 for the period
1960-99. J. Meteor. Soc. Japan, 82, 951–958.

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

Kim, K.-M., and K.-M. Lau, 2001: Dynamics of monsoon-
induced biennial variability in ENSO. Geophys. Res.
Lett., 28, 315–318.

Kirtman, B. P., and J. Shukla, 2000: Influence of the In-
dian summer monsoon on ENSO. Quart. J. Roy. Me-
teor. Soc., 126, 213–239.

Lau, K.-M., and L. Peng, 1992: Dynamics of atmospheric
teleconnection during northern summer. J. Atmos.
Sci., 5, 140–158.

Lau, K.-M., and S. Yang, 1996: The Asian monsoon and
predictability of the tropical ocean-atmosphere sys-
tem. Quart. J. Roy. Meteor. Soc., 122, 945–957.

Lau, K.-M., and H. Weng, 2002: Recurrent teleconnection
patterns linking summertime precipitation variability
over East Asia and North America. J. Meteor. Soc.
Japan, 80, 1309–1324.

Lau, K.-M., J.-Y. Lee, K.-M. Kim, and I.-S. Kang, 2004:
The North Pacific as a regulator of summertime cli-
mate over Eurasia and North America. J. Climate,
17, 819–833.

Lau, K.-M., K.-M. Kim, and J.-Y. Lee, 2005: Interannual
variability, global teleconnection, and potential pre-
dictability associated with the Asian summer mon-
soon. East Asian Monsoon, C.-P. Chang, Eds., World
Scientific Publisher. (in press).

Li, C., 1990: Interaction between anomalous winter mon-
soon in East Asia and El Niño events. Adv. Atmos.
Sci., 7, 36–46.

Li, Q., S. Yang, V. E. Kousky, R. W. Higgins, K.-M. Lau
and P. Xie, 2005: Features of cross-Pacific climate
shown in the variability of China and United States
precipitation. Int. J. Climatology.. (in press)

Meehl, G. A., 1997: The South Asian monsoon and the
tropospheric biennial oscillation (TBO). J. Climate,
10, 1921–1943.

Nitta, T., 1987: Convective activities in the tropical west-
ern Pacific and their impact on the Northern Hemi-
sphere summer circulation. J. Meteor. Soc. Japan, 64,
373–390.

Nitta, T., and S. Yamada, 1989: Recent warming of trop-
ical sea surface temperature and its relationship to
the Northern Hemisphere circulation. J. Meteor. Soc.
Japan, 67, 375–383.

Normand, C., 1953: Monsoon seasonal forecasting. Quart.
J. Roy. Meteor. Soc., 79, 463–473.

Plumb, R. A., 1985: On the three-dimensional propagation
of stationary waves. J. Atmos. Sci., 42, 217–229.

Qian Yongfu, Zhang Qiong, Yao Yonghong, and Zhang
Xuehong, 2002: Seasonal variation and heat prefer-
ence of the South Asian high. Adv. Atmos. Sci., 19,
821–836.

Rodwell, M. J., and B. J. Hoskins, 1996: Monsoons and
the dynamics of deserts. Quart. J. Roy. Meteor. Soc.,
122, 1385–1404.

Rodwell, M. J., and B. J. Hoskins, 2001: Subtropical
anticyclones and summer monsoons. J. Climate, 14,
3192–3211.

Ropelewski, C. F., J. E. Janowiak, and M. S. Halpert, 1985:
The analysis and display of real time surface climate
data. Mon. Wea. Rev., 113, 1101–1106.



NO. 6 ZHANG ET AL. 923

Ropelewski, C. F., and M. S. Halpert, 1986: North Ameri-
can precipitation and temperature pattern associated
with the El Nino/Southern Oscillation (ENSO). Mon.
Wea. Rev., 114, 2352–2362.

Shukla, J., and D. A. Paolino, 1983: The Southern Oscil-
lation and long-range forecasting of the summer mon-
soon rainfall over India. Mon. Wea. Rev., 111, 1830–
1837.

Wainer, I., and P. J. Webster, 1996: Monsoon/El Niño-
Southern Oscillation relationships in a simple cou-
pled ocean-atmosphere model. J. Geophys. Res.,
101(C11), 25599–25614.

Walker, G. T., 1923: Correlation in seasonal variations
of weather. Part VII: A preliminary study of world
weather. Memoirs of the Indian Meteorological De-
partment, 24, 75–131.

Walker, G. T., 1924: Correlation in seasonal variations
of weather. IX: A further study of world weather.
Memoirs of the Indian Meteorological Department,
24, 275–332.

Webster, P. J., and J. R. Holton, 1982: Cross-equatorial re-
sponse to middle-latitude forcing in a zonally varying
basic state. J. Atmos. Sci., 39, 722–733.

Webster, P. J., and S. Yang, 1989: The three-dimensional
structure of perturbation kinetic energy and its rela-
tionship to the zonal wind field. J. Climate, 2, 1210–
1222.

Webster, P. J., and S. Yang, 1992: Monsoon and ENSO:
Selectively interactive systems. Quart. J. Roy. Me-
teor. Soc., 118, 877–926.

Webster, P. J., S. Yang, I. Wainer, and S. Dixit, 1992: Pro-
cesses involved in monsoon variability. Physical Pro-
cesses in Atmospheric Models, Sikka et al., Eds., New
Delhi, 492–500.

Webster, P. J., V. O. Magaña, T. N. Palmer, J. Shukla, R.
A. Thomas, M. Yanai, and T. Yasunari, 1998: Mon-
soons: Processes, predictability, and the prospects for
prediction. J. Geophys. Res., 103, 14451–14510.

Wu, R., and B. P. Kirtman, 2003: On the impacts of the
Indian summer monsoon on ENSO in a coupled GCM.
Quart. J. Roy. Meteor. Soc., 129, 3439–3468.

Wu, R., J. L. Kinter, and B. P. Kirtman, 2005: Dis-
crepancy of interdecadal changes in the Asian region

among the NCEP-NCAR reanalysis, objective analy-
ses, and observations. J. Climate, 18, 3048–3067.

Xu, J., and J. C. L. Chan, 2001: The role of the
Asian/Australian monsoon system in the onset time
of El Niño events. J. Climate, 14, 418–433.

Yang, S., 1990: Atmospheric Teleconnections: Emphasis
on the El Niño/Southern Oscillation and Monsoons.
Ph. D. dissertation, the Pennsylvania State Univer-
sity, 243pp.

Yang, S., and P. J. Webster, 1990: The effect of tropical
heating in the adjacent hemisphere on the extratrop-
ical westerly jet stream. J. Geophys. Res., 95, 18705–
18721.

Yang, S., P. J. Webster, and M. Dong, 1992: Longitudinal
heating gradient: Another possible factor influencing
the intensity of the Asian summer monsoon circula-
tion. Adv. Atmos. Sci., 9, 397–410.

Yang, S., and W. J. Gutowski, 1994: GCM simulations
of the three-dimensional propagation of stationary
waves. J. Climate, 7, 414–433.

Yang, S., K.-M. Lau, and P. S. Schopf, 1999: Sensitivity
of the tropical Pacific Ocean to precipitation-induced
freshwater flux. Climate Dyn., 15, 737–750.

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.

Yang, S., K.-M Lau, S.-H. Yoo, J. L. Kinter, K. Miyakoda,
and C.-H. Ho, 2004: Upstream subtropical signals
preceding the Asian summer monsoon circulation. J.
Climate, 17, 4213–4229.

Yang, S., and K.-M. Lau, 2005: Interannual variability of
the Asian monsoon. The Asian Monsoon, B. Wang,
Eds., Praxis Publishing Ltd. (in press)

Yasunari, T., 1990: Impact of Indian monsoon on the cou-
pled atmosphere/ocean system in the tropical Pacific.
Meteor. & Atmos. Phys., 44, 29–41.

Yasunari, T., and Y. Seki, 1992: Role of the Asian mon-
soon on the interannual variability of the global cli-
mate system. J. Meteor. Soc. Japan, 70, 177–189.

Zhang, Q., and G. Wu, 2001: The large area flood and
drought over the Yangtze River valley and its relation
to the South Asian high. Acta Meteorologica Sinica,
59, 569–577. (in Chinese)


