
ADVANCES IN ATMOSPHERIC SCIENCES, VOL. 32, SEPTEMBER 2015,1255–1265

Synergistic Contribution of Precipitation Anomalies over Northwestern

India and the South China Sea to High Temperature

over the Yangtze River Valley

LIU Ge∗1, WU Renguang2,3, SUN Shuqing4, and WANG Huimei1

1Chinese Academy of Meteorological Sciences, Beijing 100081
2Institute of Space and Earth Information Science/Department of Geography and Resource Management/Shenzhen

Research Institute, Chinese University of Hong Kong, Hong Kong SAR
3Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

4State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics,

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

(Received 23 December 2014; revised 26 February 2015; accepted 17 March 2015)

ABSTRACT

This study explores the characteristics of high temperature anomalies over eastern China and associated influencing
factors using observations and model outputs. Results showthat more long-duration (over 8 days) high temperature events
occur over the middle and lower reaches of the Yangtze River Valley (YRV) than over the surrounding regions, and control
most of the interannual variation of summer mean temperature in situ. The synergistic effect of summer precipitation over
the South China Sea (SCS) region (18◦–27◦N, 115◦–124◦E) and the northwestern India and Arabian Sea (IAS) region (18◦–
27◦N, 60◦–80◦E) contributes more significantly to the variation of summerYRV temperature, relative to the respective SCS
or IAS precipitation anomaly. More precipitation (enhanced condensational heating) over the SCS region strengthens the
western Pacific subtropical high (WPSH) and simultaneouslyweakens the westerly trough over the east coast of Asia, and
accordingly results in associated high temperature anomalies over the YRV region through stimulating an East Asia–Pacific
(EAP) pattern. More precipitation over the IAS region further adjusts the variations of the WPSH and westerly trough, and
eventually reinforces high temperature anomalies over theYRV region. Furthermore, the condensational heating related to
more IAS precipitation can adjust upper-tropospheric easterly anomalies over the YRV region by exciting a circumglobal
teleconnection, inducing cold horizontal temperature advection and related anomalous descent, which is also conducive to
the YRV high temperature anomalies. The reproduction of theabove association in the model results indicates that the above
results can be explained both statistically and dynamically.
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1. Introduction

High temperature events (heat waves) are one of the most
important types of meteorological disaster occurring in sum-
mer. High temperature events with long duration substan-
tially affect people’s lives and the economy because of the
associated increased consumption of water and electricity,
and the destructive consequences for agriculture. The number
of consecutive days, strength, and frequency of high temper-
ature events in China have shown an increasing trend since
the 1990s (Lin and Guan, 2008; Ye et al., 2013). Individual
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examples include: the persistent high temperature event dur-
ing the summer of 2002 experienced in northern China (Wei
et al., 2004); the high temperature event that covered a broad
area of southern China in the summer of 2003 (Wang et al.,
2006); the persistent event with extremely high temperature
and severe drought that occurred over southwestern China
during July–September 2006 (Peng et al., 2007; Li et al.,
2011); and the high temperature event over southern China
during the summer of 2013 that showed an unprecedented
areal extent, duration, and maximum temperature, and which
even caused the deaths of many people (Peng, 2014). There-
fore, it is important to understand the variability of high tem-
perature anomalies and associated factors and mechanisms.

Numerous case studies have revealed that the western Pa-
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cific subtropical high (WPSH) is an important factor directly
causing summer high temperature events over various regions
of China (Wei et al., 2004; Wei and Sun, 2007; Peng et al.,
2007; Zou and Gao, 2007; Shi et al., 2009; Li et al., 2011;
Chen et al., 2013). High temperature events tend to occur
over the regions where the WPSH dominates. The strong
and stable WPSH, which directly resulted in high tempera-
ture over southern China during the summer of 2013, was
associated with the anomalies of surrounding circulation sys-
tems, such as a stronger South Asian high (SAH), weaker
cold air activity from high latitudes, and stronger convection
in the tropics (Peng, 2014).

Numerical simulations and theoretical analyses have fur-
ther revealed the effects of convective heating and SST
anomalies over tropical oceans on the formation and vari-
ability of the WPSH. Through triggering a meridional quasi-
stationary planetary Rossby wave, anomalous convective ac-
tivity in the western Pacific warm pool results in the East
Asia–Pacific (EAP), or Pacific–Japan (PJ), teleconnection
pattern and therefore modulates the WPSH (Nitta, 1987;
Huang and Li, 1988; Huang and Sun, 1992). The latent heat-
ing over the region from India to the Indo-China Peninsula
via the Bay of Bengal, which is released by monsoon rain-
fall, forces the SAH (WPSH) on the western (eastern) side
of this heating center (Liu et al., 1999; Liu and Wu, 2004).
It has long been known that the WPSH is intensified and
shifts southward during El Niño decaying summers (Huang
et al., 1996; Wang et al., 2000; Chang et al., 2000). Indian
Ocean warming is also an important factor, which explains
why the WPSH is abnormally strong in summer after the El
Niño anomaly becomes weak (Xie et al., 2009). Tropical In-
dian Ocean warming can stimulate low-level anomalous an-
ticyclonic circulation over the subtropical northwest Pacific
Ocean and southern China (i.e. the WPSH) by emanating
a warm Kelvin wave (Hu et al., 2012). Recently, Wang et
al. (2013) suggested that variation of the WPSH is primarily
controlled by central Pacific cooling/warming and a positive
atmosphere–ocean feedback mechanism between the WPSH
and the Indo-Pacific warm pool oceans.

The present study analyzes the characteristics of high
temperature events over eastern China and investigates the
influences of tropical circulation and SST anomalies. The
rest of the paper is organized as follows: In section 2, we
describe the data. Section 3 presents the temporal and spatial
features of high temperature events in summer. The factors of
summer temperature anomalies and associated physical pro-
cesses are also investigated in section 3. The results derived
from observations in section 3 are further examined in sec-
tion 4 based on outputs from the European Centre Hamburg
5/Max Planck Institute-Ocean model (ECHAM5/MPI-OM).
Finally, a summary and discussion are provided in section 5.

2. Data

The Asian Precipitation Highly Resolved Observational
Data Integration towards the Evaluation of Water Resources
(APHRODITE) surface air temperature (SAT) dataset is used

in the present study. This is a daily temperature dataset
on grids of 0.5◦× 0.5◦ covering the Asian monsoon region
(15◦S–55◦N, 60◦–150◦E) (Yasutomi et al., 2011). The other
temperature dataset used in this study is the monthly mean
temperature at 160 stations from the National Climate Cen-
ter, China. The present study also uses monthly mean geopo-
tential height from the National Centers for Environmental
Prediction (NCEP)–Department of Energy (DOE) Reanaly-
sis 2 (Kanamitsu et al., 2002), the Climate Prediction Cen-
ter (CPC) Merged Analysis of Precipitation (CMAP; Xie and
Arkin, 1997), the National Oceanic and Atmospheric Admin-
istration (NOAA) interpolated outgoing long wave radiation
(OLR; Liebmann and Smith, 1996), and the NOAA extended
reconstructed version 3b SST (Smith et al., 2008). The above
datasets are all available from 1979 to 2007.

In addition, the ECHAM5/MPI-OM outputs (monthly
mean SAT and precipitation) prepared for the Intergovern-
mental Panel on Climate Change (IPCC) Fourth Assessment
Report’s Climate of the 20th Century Experiment (20C3M)
(Jungclaus et al., 2006), which are available on 192× 96
longitude-latitude Gaussian grids, are used to verify the ob-
served results.

3. High temperature events and associated
factors

3.1. The characteristics of high temperature events over
eastern China

In the present study, daily mean SAT with an anomaly
over 1◦C is referred to as high temperature. The duration of
high temperature events is defined as the number of consecu-
tive days with high temperature. A high temperature event is
considered as a summer event if the central day of the event
(or the prior day if the event persists for an even number of
days) falls in the period from 1 June to 31 August.

High temperature events with longer duration have larger
influences than those with shorter duration. Figure 1 presents
climatological mean numbers of summer high temperature
events with long duration (over 8 days) over eastern China.
As shown in Fig. 1, high temperature events with duration
over 8 days cover two regions of large number, one over the
mid–high latitudes to the north of 40◦N, and the other over
the middle and lower reaches of the Yangtze River Valley
(YRV). In this study, we primarily explore the latter since the
middle and lower reaches of the YRV is a crucial region for
agriculture, and features relatively more long-duration (over
8 days) high temperature events than the surrounding regions
(Fig. 1).

The number of over-8-day high temperature events aver-
aged over the middle and lower reaches of the YRV (27◦–
33◦N, 111◦–123◦E) shows significant positive correlation
with summer (June–July–August) mean temperaturein situ,
with a coefficient of correlation center of over 0.7 (Fig. 2a).
Meanwhile, area-mean summer temperature over the same
region has a consistent increasing trend and interannual
variation with the area-mean number of over-8-day events
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Fig. 1. Climatological mean (1979–2007) number of sum-
mer high temperature events (daily temperature mean anomaly
higher than 1◦C) spanning over eight consecutive days.

Fig. 2. (a) Distribution of the coefficients of correlation between
the number of summer long-duration high temperature events
averaged over the middle and lower reaches of the YRV (27◦–
33◦N, 111◦–123◦E; red box) and summer mean temperature
during 1979–2007. Shading denotes that the correlation is sig-
nificant at the 99% confidence level. (b) Normalized time series
of the number of high temperature events (red line) and summer
mean temperature (blue line) over the YRV region and their lin-
ear trends (red for the former, and blue for the latter).

(Fig. 2b). The correlation coefficient between the two origi-
nal (detrended) time series is 0.81 (0.75) for the period 1979–
2007. Additionally, the mean summer temperature of 23 sta-
tions within the YRV region is highly consistent with the
number of over-8-day events, with a correlation coefficient

of 0.78 (0.72) between the two original (detrended) time se-
ries. This further confirms the close relationship between the
number of over-8-day events and summer mean temperature.

Furthermore, the number of short-duration (3–8 days)
high temperature events averaged over the YRV region is cal-
culated, and is found to be also significantly correlated with
summer mean temperature in situ, but with a relatively lower
correlation coefficient of 0.71 (0.57) between the two original
(detrended) time series. The results reveal that the variation
of summer mean temperature over the YRV region can be
more attributed to long-duration (over 8 days) high tempera-
ture events than to short-duration (3–8 days) events.

Referring to the definition of high temperature events pre-
sented by Lau and Nath (2014), a 3–8-day (over-8-day) high
temperature event is identified in the YRV region when the
spatial mean SAT is higher than the 70th percentile values of
this population of daily mean SATs for 3–8 (over 8) consecu-
tive days. Based on this definition, the number of over-8-day
events is also significantly correlated with summer mean tem-
perature, with a correlation coefficient of 0.54 (0.51) between
the two original (detrended) time series. The relationshipbe-
tween the number of 3–8-day events and summer mean tem-
perature is relatively weaker, with a correlation coefficient of
0.38 (0.34) between the two original (detrended) time series.
This further supports the notion that the variation of summer
temperature over the YRV region tends to be modulated more
by long-duration events than by short-duration events. There-
fore, we pay more attention to long-duration (over 8 days)
events in this study.

High temperature events with short duration are related to
various individual weather systems and are largely due to in-
ternal atmospheric processes, while high temperature events
with long duration are likely connected to persistent large-
scale circulation systems and sustainable external forcing. As
such, it is easier to identify the influencing factors of sum-
mer temperature and associated mechanisms over the YRV
region where long-duration high temperature events control
the variation of summer mean temperature. For convenience,
the summer mean temperature averaged over the YRV region
is defined as the YRV temperature index, which also reflects
the variation in the number of long-duration (over 8 days)
high temperature events because of their consistency.

3.2. Factors affecting summer temperature over the YRV
region

The correlation between the summer YRV temperature
index and simultaneous 500 hPa geopotential height during
1979–2007 displays a significant positive correlation overthe
Yellow Sea and the Yangtze and Hwai River Valley region
(Fig. 3a), which indicates that, corresponding to the posi-
tive geopotential height anomaly over this region, summer
high temperature anomalies appear over the YRV region.
This positive geopotential height anomaly reflects the fact
that the westerly trough is weaker over the east coast of Asia
and the WPSH is stronger and extends much farther west
and north than normal. A weaker westerly trough implies
a weaker intrusion of cold air from the high latitudes, and



1258 HIGH TEMPERATURE AND TROPICAL PRECIPITATION VOLUME 32

Fig. 3. Distribution of the coefficients of correlation between
the summer YRV temperature index and simultaneous (a) 500
hPa and (b) 200 hPa geopotential height (contours) during
1979–2007; red vectors in (b) indicate the anomalous 200 hPa
winds regressed by the summer YRV temperature index. Shad-
ing denotes that the correlation is significant at the 95% confi-
dence level.

the westward/northward-extended WPSH can directly con-
trol eastern China and therefore result in less precipitation
and more solar radiation reaching the Earth’s surface, which
are both conducive to high temperature anomalies over the
YRV region.

The correlation between the summer YRV temperature
index and simultaneous 200 hPa geopotential height (Fig. 3b)
shows a significant positive correlation from North China via
the Korean Peninsula to southern Japan. Accompanying this
positive geopotential height anomaly and associated anoma-
lous anticyclone, upper-level easterly anomalies prevailover
the YRV region, which can induce cold horizontal tempera-
ture advection from colder oceanic regions to warm continen-
tal Asia and consequently result in anomalous descent and
associated high temperature anomalies over the YRV region
through adiabatic warming (Hu et al., 2013).

The correlation between the summer YRV temperature
index and simultaneous OLR during 1979–2007 (Fig. 4a)
shows a significant positive correlation over the YRV region.
Correspondingly, a significantly negative correlation existsin
situ between the summer YRV temperature index and simul-
taneous precipitation (Fig. 4b). That is, the high temperature
anomalies over the YRV region are intimately linked with
less local precipitation. High temperature and drought tend
to occur concurrently.

Furthermore, it can be seen in Fig. 4a that there are

Fig. 4. (a) Distribution of the coefficients of correlation between
the summer YRV temperature index and simultaneous OLR
during 1979–2007; (b) as in (a) but for the correlation between
the YRV temperature index and precipitation, and red boxes
denote the IAS (18◦–27◦N, 60◦–80◦E) and SCS (18◦–27◦N,
115◦–124◦E) regions. Shading denotes that the correlation is
significant at the 90% confidence level.

significant negative correlations over two regions: one being
the Arabian Sea and northwestern India, and the other the
northern part of the South China Sea. Consistently, there are
significant positive correlations between the summer YRV
temperature index and simultaneous precipitation in these
two regions (Fig. 4b). The above correlations remain af-
ter removing the linear trends (figure not shown). This im-
plies that, on the interannual scale, corresponding to stronger
convection activity and more precipitation over the Arabian
Sea and northwestern India and the South China Sea, summer
temperature over the YRV region is relatively higher.

Stronger convective activity and more precipitation sig-
nify enhanced condensational heating. The condensational
heating released by precipitation over different regions can
modulate the WPSH in different ways (Nitta, 1987; Huang
and Li, 1988; Huang and Sun, 1992; Liu et al., 1999; Liu and
Wu, 2004). To investigate the effects of precipitation (con-
densational heating) over different regions on the WPSH,
summer precipitation averaged over the South China Sea re-
gion (18◦–27◦N, 115◦–124◦E) and over the northwestern In-
dia and Arabian Sea region (18◦–27◦N, 60◦–80◦E) are re-
ferred to as the summer SCS and IAS precipitation indices,
respectively. The correlation coefficient between the SCS
and IAS precipitation indices is−0.08, revealing that precip-
itation variations over the two regions are independent from
each other. Summer precipitation averaged over both the SCS
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and IAS regions is defined as the SCS–IAS precipitation in-
dex, to reflect the synthesized variation of precipitation (con-
densational heating) over the two regions.

The correlation between the SCS precipitation index and
500 hPa geopotential height (Fig. 5a) shows a clear negative–
positive–negative pattern along the east coast of Asia, with a
significant positive correlation from the Bohai Sea to Japan
via the Korean Peninsula. The negative–positive–negative
pattern is clearly related to the EAP/PJ teleconnection. This
implies that the SCS precipitation anomaly may affect the
WPSH through stimulating the meridional quasi-stationary
planetary Rossby wave from the tropics to the high latitudes.

As for the effect of the IAS precipitation anomaly, the cor-
relation between the IAS precipitation index and geopotential
heights displays significant positive correlations along 30◦N
from 80◦E to 130◦E, to the northeast of the IAS precipitation
anomaly at the 500 hPa level (Fig. 5c), and significant pos-
itive correlations over west-central Asia centered on (35◦N,
60◦E), to the northwest of the IAS precipitation at the 200

hPa level (Fig. 5d). That is, more precipitation (condensa-
tional heating) over the IAS region corresponds to positive
geopotential anomalies over its western side in the upper tro-
posphere and over its eastern side in the middle troposphere,
which is generally consistent with atmospheric responses at
different levels to convective condensational heating (Liu et
al., 1999, Fig. 2c). This supports the notion that the effectof
the vertical gradient of strong condensational heating, which
is directly related to the IAS precipitation, plays an impor-
tant role in modulating the WPSH and the upper-tropospheric
geopotential height anomaly over west-central Asia.

In addition to the significant positive correlation over
west-central Asia, we can also detect a significant positive
correlation from North China to the Korean Peninsula in the
upper troposphere (Fig. 5d). The upper-tropospheric pattern
with the two anomalies over west-central Asia and East Asia
constitutes the Asian part of the circumglobal teleconnection
identified by Ding and Wang (2005). This pattern has been
indicated to play an important role in connecting the Indian

Fig. 5. Correlations of summer 500 hPa geopotential heights (contours) correlated with the summer (a) SCS, (b) IAS,
and (c) SCS–IAS precipitation indices; (b), (d), and (f) indicate 200 hPa geopotential heights (contours) correlated
with, and the anomalous 200 hPa winds (red vectors) regressed by, the summer SCS, IAS, and SCS–IAS precipitation
indices, respectively. Shading denotes that the correlation is significant at the 95% confidence level. Blue boxes in (c)
and (d) represent the IAS region. “C” and “A” in (d) representthe anomalous cyclone and anticyclone, respectively.
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and North China summer rainfall variations (Wu, 2002; Wu et
al., 2003). The diabatic heating effect of Indian monsoon pre-
cipitation may excite an anomalous west-central Asian high
and downstream Rossby wave train extending to East Asia,
and even to the North Pacific and North America (Ding and
Wang, 2005). This mechanism further confirms that the IAS
precipitation may stimulate upper-tropospheric geopotential
height anomalies over west-central Asia and over East Asia.

Relative to the YRV temperature-related circulation
anomalies (Fig. 3), the 500 hPa positive geopotential height
anomaly over East Asia, related to more SCS precipitation, is
weaker and its southern ridge is farther north (Fig. 5a), while
that related to more IAS precipitation is farther south (Fig.
5c). In contrast, this positive geopotential height anomaly
at the 500 hPa level, which is remarkably linked with more
SCS–IAS precipitation (Fig. 5e), is more consistent with
Fig. 3a. Similarly, the positive 200 hPa geopotential height
anomaly over East Asia resulting from more SCS–IAS pre-
cipitation (Fig. 5f), is also more consistent with Fig. 3b than
the SCS-related (Fig. 5b) or IAS-related (Fig. 5d) anomaly.
In summary, the synergistic effect of SCS and IAS precip-
itation plays a more important role in modulating the YRV
temperature-related circulation anomalies than the individual
effect of SCS or IAS precipitation.

Note that the circulation anomalies forced by the SCS–
IAS precipitation anomaly is not a simple superposition of
the circulation anomalies stimulated by individual SCS and
IAS precipitation anomalies, respectively. This implies that
the synergistic contributions of the SCS and IAS precipitation
anomalies seem to be nonlinear. The IAS precipitation should
be considered as a crucial factor in modulating and reinforc-
ing the circulation anomalies forced by the SCS precipitation;
therefore, the synergistic effect of the SCS and IAS precipi-
tation anomalies may exert a more significant influence on
summer temperature over the YRV region than the individual
effect of the SCS or IAS precipitation anomaly, which can
be demonstrated by the correlations of summer temperature
with different precipitation indices (Fig. 6).

The correlations show that summer temperature over the
YRV region is significantly related to the SCS–IAS precipita-
tion (Fig. 6c), while the individual SCS precipitation affects
summer temperature over a farther north and smaller region
(Fig. 6a). Similarly, compared to the synergistic effect ofthe
SCS–IAS precipitation (Fig. 6c), the effect of individual IAS
on summer temperature over the YRV region is remarkably
weaker (Fig. 6b).

Comparing the time series of the summer temperature and
precipitation indices (Fig. 7) shows that the variation of sum-
mer YRV temperature is significantly related to the variations
of SCS and IAS precipitation, with correlation coefficients
of 0.50 and 0.44, respectively. Furthermore, the variationof
summer YRV temperature has a better relationship with the
SCS–IAS precipitation index (Fig. 7c), with a correlation co-
efficient of 0.68 (significant at the confidence level of 99.9%).
After removing the linear trends in these time series, the cor-
relation coefficient of the YRV temperature index with the
SCS–IAS precipitation index still reaches 0.66 (significant at

Fig. 6. Distributions of the correlation coefficients of summer
temperature with the (a) summer SCS precipitation index, (b)
summer IAS precipitation index, and (c) summer SCS–IAS pre-
cipitation index during 1979–2007. Shading denotes that the
correlation is significant at the 99% confidence level.

the confidence level of 99.9%), which is remarkably higher
than the correlation coefficient with the individual SCS or
IAS precipitation index (both 0.46). In other words, the inter-
annual variation of summer temperature over the YRV region
is mainly due to the synergistic effect of summer precipitation
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Fig. 7. (a) Normalized time series of the summer SCS precipitation (red line)
and YRV temperature (blue line) indices; (b) and (c) as in (a), but for the IAS
precipitation index (red line) and the SCS–IAS precipitation index (red line),
respectively.

(condensational heating) over the SCS and IAS regions.

4. Results in ECHAM5

To further reveal the relationship between the summer
YRV temperature and tropical precipitation (condensation
heating), we examine the above results using ECHAM5/MPI-
OM model outputs (20c3m). In ECHAM5, the same YRV
region (27◦–33◦N, 111◦–123◦E) is chosen to define the sum-
mer YRV temperature index. Figure 8 presents the correla-
tion between the summer YRV temperature index and simul-
taneous precipitation during 1979–2007 in ECHAM5. As
shown in Fig. 8, there are significant positive correlations
over the SCS region and the northwestern India and Arabian
Sea region, resembling the correlations in observation (Fig.
4b).

Based on the locations of positive correlations in
ECHAM5 (red boxes in Fig. 8), summer precipitation av-
eraged over the SCS region (17◦–23◦N, 112◦–120◦E) and
over the northwestern India and Arabian Sea region (13◦–
23◦N, 65◦–78◦E) are defined as the summer SCS and IAS
precipitation indices, respectively, and summer precipitation
averaged over the above SCS and IAS regions is referred to

as the SCS–IAS precipitation index. The correlations of sum-
mer temperature with the summer SCS and IAS precipitation
indices (Figs. 9a and b) display a significant positive correla-
tion over the YRV region. This signifies that the anomalies of
summer SCS and IAS precipitation respectively contribute,to
some extent, to the variation of summer temperature over the
YRV region. The correlation between the summer SCS–IAS
precipitation index and simultaneous temperature (Fig. 9c)
shows more significant positive correlations, with two centers
over the upper reaches of the YRV and over the middle and

Fig. 8. As in Fig. 4b, but for ECHAM5.
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Fig. 9. As in Fig. 6, but for ECHAM5.

lower reaches of the YRV. The result is more similar to the
observed summer temperature anomalies resulting from high
temperature events (Fig. 2a), which verifies the synergistic
effect of the SCS–IAS precipitation in modulating summer
temperature over the YRV region.

Comparing among the time series of these indices (figure
not shown) further confirms that, relative to the respectiveef-
fects of the SCS and IAS precipitation, the synergistic effect

of the SCS–IAS precipitation provides a greater contribution
to the variation of the YRV temperature. The correlation co-
efficient of the YRV temperature index with the SCS–IAS
precipitation index is 0.50 (significant at the confidence level
of 99%), higher than the correlation coefficients with the SCS
and IAS precipitation indices (0.37 and 0.46, respectively).
After removing the linear trends in these time series, the cor-
relation coefficient of the YRV temperature index with the
SCS–IAS precipitation index is 0.51, which is also higher
than the correlation coefficients with the individual SCS and
IAS precipitation indices (0.40 and 0.45, respectively).

In summary, ECHAM5 captures the relationships be-
tween the summer YRV temperature and tropical precipita-
tion over different regions, and confirms that the synergis-
tic contribution of the SCS–IAS precipitation to the summer
YRV temperature is stronger than the individual contribution
of the SCS or IAS precipitation. This implies that the above
results can be explained both statistically and dynamically.

5. Summary and discussion

Using observations and ECHAM5/MPI-OM model out-
puts prepared for the IPCC Fourth Assessment Report’s Cli-
mate of the 20th Century Experiment, we investigate the
characteristics of high temperature anomalies over eastern
China and associated influencing factors. It is found that
the middle and lower reaches of the YRV constitute one of
the most important regions where more long-duration (over 8
days) high temperature events occur and contribute to a large
part of the variation of local summer mean temperature.

The high temperature anomalies over the YRV region
are closely related to more precipitation over the SCS and
IAS regions. The positive anomaly of precipitation over the
SCS region, which corresponds to enhanced condensational
heating, stimulates the meridional quasi-stationary planetary
Rossby wave from the tropics to the high latitudes along the
east coast of Asia and modulates the EAP-like pattern, con-
sequently leading to a weak westerly trough and the west-
ward and northward expansion of the WPSH. Under the ab-
normal background, more precipitation over the IAS region
enhances condensational heating in situ. On the one hand,
the strong condensational heating forces a significant posi-
tive correlation band in the midlatitudes of Asia, which fur-
ther results in a weaker westerly trough and a stronger and
larger anomaly of the WPSH, eventually increasing summer
temperature over the YRV region. On the other hand, this
heating excites a circumglobal teleconnection, with a posi-
tive geopotential height anomaly over west-central Asia and
over downstream East Asia in the upper troposphere. Ac-
companying this geopotential height anomaly over East Asia
and the associated anomalous anticyclone, upper-level east-
erly anomalies appear over the YRV region and induce cold
horizontal temperature advection and related anomalous de-
scent, further leading to high temperature anomalies through
adiabatic warming. Through the above processes, the syner-
gistic contribution of the SCS–IAS precipitation to the sum-
mer YRV temperature is more significant than the individual
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Fig. 10. Distributions of the correlation coefficients of summer SSTs with the (a)
summer IAS precipitation index and (b) summer YRV temperature index during
1979–2007. Shading denotes that the correlation is significant at the 95% confi-
dence level.

contribution of the SCS or IAS precipitation. ECHAM5 re-
produces and verifies the above results.

Tropical SST anomalies can modulate the variation of the
WPSH/SAH (Huang et al., 1996; Wang et al., 2000; Chang
et al., 2000; Ding and Wang, 2005; Xie et al., 2009; Huang
et al., 2011; Wang et al., 2013) and Indian monsoon precipi-
tation (e.g., Kershaw, 1988; Yang and Lau, 1998; Vecchi and
Harrison, 2004). However, the correlation between the sum-
mer IAS precipitation index and simultaneous SST indicates
that there is no large-range significant relationship between
summer IAS precipitation and SSTs (Fig. 10a), while the cor-
relation between the summer YRV temperature index and si-
multaneous SSTs shows significant positive correlations in
the eastern Indian Ocean and the western Pacific warm pool
and adjacent seas of East Asia (Fig. 10b). The relationship
of SSTs with summer IAS precipitation and that with sum-
mer YRV temperature are evidently different from each other
(Fig. 10). This inconsistency implies that the concurrent oc-
currence of more precipitation over the IAS region and high
temperature anomalies over the YRV region is not due to si-
multaneous forcing of SST anomalies. Instead, the IAS pre-
cipitation, together with the SCS precipitation, plays an im-
portant role in modulating high temperature events and re-
lated summer temperature over the YRV region. Wang et al.
(2013) demonstrated that a dipolar SST anomaly in the Indo-
Pacific warm pool and a significant cooling/warming over the
equatorial central-eastern Pacific can control the variation of
the WPSH. Nevertheless, the correlation between the sum-

mer YRV temperature index and simultaneous SSTs does not
show the above features of SST anomalies. This implies that
this type of anomalous WPSH, which is a main factor for
high YRV temperature, may be adjusted by different external
forcing and mechanisms, which is worthy of further investi-
gation.

This study suggests a synergistic contribution of the SCS–
IAS precipitation to high temperature events and associated
summer temperature over the YRV region. Therefore, to pre-
dict high temperature anomalies over the YRV region, we
cannot merely focus on the preceding factors of the YRV
temperature itself. Exploring the preceding factors of sum-
mer precipitation over the SCS and IAS regions is obviously
helpful. The Asian climate is related to SST and snow cover
and sea ice (Douville and Royer, 1996; Yang and Lau, 1998;
Wu and Kirtman, 2007; He et al., 2007; Li et al., 2008; Wu
et al., 2009; Wang et al., 2012; Fu and Li, 2013), and thus
the potential effects of prior SST, sea ice, and snow cover on
summer precipitation over the SCS and IAS regions and re-
lated high temperature anomalies over the YRV region should
be addressed in the future.
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