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Abstract This study proposes primary diagnostic metrics
to evaluate the integrated structure of interdecadal changes
of East Asian climate in mid-summer (July—August) over
the recent half-century (1955-2000) in numerical models.
The metrics are applied to comprehensively examine the
performance of BCC_AGCM (Beijing Climate Center
atmospheric general circulation model) version 2.0.1.
When forced by historical sea surface temperatures (SST),
the ensemble simulation with the BCC_AGCM reasonably
reproduced the coherent interdecadal changes of rainfall,
temperature and circulation. The main feature of the
“southern-flooding-and-northern-drought™ rainfall change
is captured by the model. Correspondingly, the tropo-
spheric cooling in the upper and middle troposphere, the
southward shift of upper level westerly jet and weakening
of the low-level southwesterly monsoon flow are also
reproduced, as well as their relationships with rainfall
changes. One of the main deficiencies of the simulation is
that the amplitudes of the changes of tropospheric cooling
and large-scale circulation are both much weaker than
those in reanalysis, and they are consistent with the rainfall
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deficiency. Also, the upper and middle troposphere cooling
center and decreasing of upper-level westerly jet axis shift
westward in the model simulations compared with that in
the observations. Overall, although BCC_AGCM shows
problems in simulating the interdecadal changes of East
Asia climate, especially the amplitude and locations of
change centers, it reasonably represents the observed
configuration of rainfall variation and the associated
coherent temperature and circulation changes. Therefore, it
could be further used to discuss the mechanisms of the
interdecadal variation in East Asia. Meanwhile, the rea-
sonably reproduced configuration of rainfall and its asso-
ciated large-scale circulation by SST-forced runs indicate
that the interdecadal variations in East Asia could mostly
arise from the regional response to the global climate
change.
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1 Introduction

The East Asian summer monsoon (EASM) rainfall and
circulation over East China have experienced large inter-
decadal changes during the second half of the 20th century.
As a regional response to a decadal shift of atmospheric
large-scale circulation in the Northern Hemisphere in the
late 1970s (Trenberth and Hurrell 1994), climate changes
over the eastern China show distinct three dimensional
structures (Yu and Zhou 2007; Yu et al. 2004). A cooling
trend in the upper troposphere and lower stratosphere over
East Asia has led to the weakening in the northward pro-
gression of monsoon winds over this region, which
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attributes to the weakening of the low-level southwesterly
winds and southward shift of the upper-level jet stream
(Wang 2001; Xu et al. 2006). Rainfall over the eastern
China also experienced a significant change since the late
1970s, with the Yangtze River (YR) valley becoming
wetter and the northern China becoming drier in recent
decades, a pattern often referred to as “southern-flooding-
and-northern-drought” (SFND) in China (Hu 1997; Hu
et al. 2003; Menon et al. 2002; Xu 2001; Yu et al. 2004).

The distinct interdecadal change of East Asia climate
provides a key test for evaluating model behaviors, and it is
extensively investigated in model simulation by previous
studies. Menon et al. (2002) suggested that increased
rainfall in the south and drought in the north of China over
the past several decades may be related to increased black
carbon aerosols based on the experiments using Goddard
Institute for Space Studies (GISS) climate model, but the
corresponding changes of large-scale circulation are not
included in their study. Wang et al. (2008) showed that
atmospheric heating induced by the rising Tibetan Plateau
temperatures can enhance East Asian subtropical frontal
rainfall along the Yangtze River valley, but in their
experiments, the changes of large-scale circulation in upper
and lower troposphere both exhibited opposite change
pattern when compared with observations. Li et al. (2010)
analyzed the simulations of the National Center for
Atmospheric Research (NCAR) community atmospheric
model version 3 (CAM3) and the Geophysical Fluid
Dynamics Laboratory (GFDL) atmospheric model version
2.1 (AM2.1). They found that the models forced by
observed SST are able to reproduce most of the observed
circulation changes associated with the weakening of the
EASM since the 1970s, but the rainfall change pattern over
East China is not realistically simulated by both of the
models. The SST-forcing produces increased summer
precipitation over the northern Indian Ocean and the wes-
tern Pacific Ocean but drying over the land areas northwest
of these oceanic areas. Nevertheless, these studies mainly
focus on the changes of circulation or only emphasize the
variability of rainfall, while few studies comprehensive
examine and compare the coherent features of the inter-
decadal variations in observations and in model
simulations.

Understanding the model results requires objective
diagnostic metrics. In this study, we propose a compre-
hensive metric to objectively assess the performance of
climate models in simulating the interdecadal changes of
East Asian climate, focusing on the coherent changes of
rainfall and its large-scale environments. The simulation of
Beijing Climate Center atmospheric general circulation
model version 2.0.1 (hereafter referred to as BCC_AGCM),
forced by historical SST, is then examined to access the
SST-induced interdecadal changes in the model.
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The rest of the paper is organized as follows. Section 2
provides a brief description of the BCC_AGCM model,
datasets and the diagnostic metrics. The performance of
BCC_AGCM is then accessed based on the metrics and
results are shown in Sect. 3. Section 4 provides concluding
remarks and discussion.

2 Model, data and diagnostic metrics
2.1 BCC_AGCM model

The model used in this study is BCC_AGCM version
2.0.1, a global state-of-the-art atmosphere model devel-
oped in Beijing Climate Center. It originates from the
CAM3 developed by the NCAR. The dynamical core is
modified as a reference stratified atmospheric temperature
and a reference surface pressure are introduced into the
governing equations. The modifications are shown to
improve the simulated climate at regional and global
scales, especially for temperature and wind (Wu et al.
2008). Several new physical parameterizations have been
replaced (Wu et al. 2010). The major modification of the
model physics includes a new convection scheme, a dry
adiabatic adjustment scheme in which potential tempera-
ture is conserved, a modified scheme to calculate the
sensible heat and moisture fluxes over the open ocean
which takes into account the effect of ocean waves on the
latent and sensible heat fluxes, and an empirical equation
to compute the snow cover fraction. A detailed description
of BCC_AGCM can be found in Wu et al. (2010) and Wu
(2011). In this study, the model equations are formulated
in a horizontal T42 spectral resolution (approximately 2.8°
latitude x 2.8° longitude grid) and a terrain-following
hybrid vertical coordinate with 26 levels and a rigid lid at
2.914 hPa.

We examine the SST-induced changes in East Asian
climate over a 46-year period (1955-2000) based on a set
of atmospheric climate model ensembles forced by
observed historical SST data (Rayner et al. 2003; Reynolds
et al. 2002). A three-member ensemble of runs was per-
formed to produce a reliable climatology. In these runs, the
concentrations of greenhouse gases are held constant at
their levels of 1990. In addition, the radiative effects of a
climatological aerosol dataset (Collins et al. 2006) are
taken into account in the calculation of shortwave fluxes
and heating rates. The aerosol dataset includes the monthly
mean annual cycle of sulfate, sea salt, carbonaceous, and
soil-dust aerosols. Each of the runs was driven by the
history of global observed SSTs from January 1950 to
December 2000. The first 5-year period is discarded as a
spin-up process, and the output of the remaining 46-year
simulation is used in the analysis.
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2.2 Data

To evaluate the model performance, the following obser-
vation/reanalysis datasets are used: (1) geopotential
heights, zonal and meridional winds, air temperature, and
surface pressure from the National Centers for Environ-
mental Prediction (NCEP)-NCAR reanalysis (referred to
as NCEP in the following) during 1955-2000 on a
2.5° x 2.5° grid (Kalnay et al. 1996). The results from
ERA40 data are almost the same as NCEP (e.g. Yu and
Zhou 2007; Yu et al. 2004) and are not shown. (2) Monthly
mean precipitation data at 753 stations in China collected
and compiled by National Meteorological Information
Centre (NMIC) of the China Meteorological Administra-
tion (CMA). To facilitate analysis, the original station data
were interpolated onto a 0.5° longitude by 0.5° latitude grid
by averaging the station data with weights proportional to
the inverse of the squared distance between the center of
the grid box and the stations within a radius of one degree.
If the distance is less than 0.1 degree, the weight number of
the station data will be one (Chang 2003). All the data used
covers the periods of 1955-2000, and records in mid-
summer (July—August) are analyzed here.

2.3 Metrics for evaluation of the decadal variability

As revealed by Yu and Zhou (2007), the interdecadal
changes of mid-summer climate over eastern China show
marked three-dimensional coherent structures. To objec-
tively evaluate model performance, not only the interdec-
adal change of rainfall pattern, but also the changes of
corresponding large scale temperature and circulation as
well as their coherent three-dimensional structure should
be examined. The coherent changes of rainfall and large
scale temperature and circulation are regarded as the pri-
mary diagnostic metrics to evaluate model performance.

3 The interdecadal change simulated by BCC_AGCM

The performance of BCC_AGCM in simulating East Asian
climate is firstly accessed by comparing model results
against observations and reanalysis (Fig. 1). By comparing
Fig. la and b, it can be seen that the ensemble simulation
of BCC_AGCM runs captures the two major rain belts in
China, with one related to the tropical monsoon trough
located around 20°N, and the other extending from the
southwestern to northeastern China. The simulated rainfall
is much weaker in the two main rain belts, with July—
August (JA) mean rainfall amount around 4 mm day ' in
the model while over 6 mm day ' in observations. The
relatively dry region dominated by the western Pacific
subtropical high between the two rain belts is also well
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Fig. 1 Mid-summer (July—August) mean precipitation (shadings,
mm dayfl), zonal wind at 200 hPa (contours, m s*') and horizontal
wind fields at 850 hPa (vectors, m s_l) in a station rainfall records
and NCEP reanalysis circulation and b BCC_AGCM ensemble results

reproduced by the model. The simulated upper troposphere
(200 hPa) circulation is comparable to that in NCEP
reanalysis data, with the westerly jet axis around 40°N and
wind maxima reaching 30 ms~'. In the low-level
(850 hPa), the southerly monsoon flow over the south of
40°N is reproduced, but westerly component is much
weaker than that in reanalysis data over the eastern China.
Meanwhile, westerly prevails in the model, while south-
westerly dominates Northeastern China in reanalysis data.

Comparison above shows that BCC_AGCM captures the
major climate mean states of East Asian rainfall and large-
scale circulation in mid-summer. The interdecadal changes
of precipitation are examined in Fig. 2 as precipitation is
one of the most important variables used to measure mon-
soon variability. The spatial distribution of JA rainfall
changes (1978-2000 mean minus 1955-1977 mean) are
shown in station observation (Fig. 2a) and BCC_AGCM
simulation (Fig. 2b) over eastern China. Consistent with the
results of previous studies, observed precipitation has
increased over the middle and lower reaches of the YR
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valley, whereas it has decreased over the northern China.
The rainfall anomaly pattern shown in Fig. 2b bears an
overall similarity to the observed change pattern, but the
amplitude of the change in the model is weaker. A increase
of rainfall amount is reproduced along the YR valley, but
the flooding center shifts westward to the middle and upper
reaches of YR valley (100°E-110°E). The increasing in the
lower valley is not significant in the model. The decreasing
of rainfall in northern China is much weaker in the model
compared to the observation, and it is not statistically sig-
nificant at the 10% level. Compared with that in former
23 years (1955-1977), the area-averaged JA rainfall
amount increases (decreases) by 55.4 mm (66.1 mm) over
the south (north) region in observations in latter 23 years
(1978-2000), while it increases (decreases) by 35.4 mm
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(25.6 mm) in model simulation. Meanwhile, a sharp rise of
rainfall can be found in the southeastern margin of the
Tibetan Plateau, which is also evident in station observa-
tions. By comparing Fig. 2b with the results shown by Li
et al. (2010), it is found that the BCC_AGCM simulated
interdecadal variation of rainfall in eastern China is more
reasonable than original CAM3.

In addition to spatial distribution of the differences, the
time series of the JA rainfall averaged over the south
(106°E-122°E, 28°N-32°N, gray dotted line) and north
(110°E-120°E, 35°N—41°N, black solid line) regions are
shown in Fig. 2c¢, d. In observation, the rise in the southern
region is consistent during 1955-2000. The decrease in the
northern region is evident until the first half of 1980s. A
decrease is also found in the last half of the 1990s. The
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Fig. 3 The 1978-2000 minus 1955-1977 differences of upper and
middle level temperature (averaged between 200 and 500 hPa, unit:
K) in JA from a NCEP reanalysis and b BCC_AGCM ensemble
result. The gray shading indicates where the change is statistically
significant at the 10% level

correlation between the time series of rainfall in the south
and north reaches —0.42 in station observations. The
regional mean curves in the model generally resembles that
in observation, with the correlation between the two time
series in Fig. 2d reaching —0.28. However, the trend is
smaller in simulation, consistent with the smaller ampli-
tude of changes as shown in Fig. 2b. The correlation of the
averaged rainfall between observation and model simula-
tion is 0.22 in the north and 0.15 in the south, which is
partly because the model simulates the wrong location of
change centers. In the observed southern flooding region,
the simulated increasing rainfall is accompanied by obvi-
ous decreasing in 1970s, which causes the less significant
change in the model. In the northern drought region, the
model simulated the decreasing change, but with an inverse
trend in the 1980s. The observed rainfall decreasing from
the middle of the 1990s is not obvious in the model.

The interdecadal variability of mid-summer rainfall is
closely associated with changes of large scale forcings (Yu
and Zhou 2007). A distinctive persistent cooling has
occurred in the upper troposphere of East Asia in JA as
shown in Fig. 3a. In NCEP reanalysis, the region of sig-
nificant cooling in JA mean temperature averaged between
200 and 500 hPa covers a large area between 30°N and
45°N and from 90°E to 130°E. The cooling center locates
in the northeast of the Tibetan Plateau and exceeds 1 K. To
examine the reproduction of this cooling in BCC_AGCM,

(a) NCEP

Fig. 4 The 1978-2000 minus 1955-1977 differences of zonal wind
at 200 hPa (contours unit: m s~') and wind vectors at 850 hPa
(vectors unit: m sfl) in JA from a NCEP reanalysis and
b BCC_AGCM ensemble result. The gray shading indicates where
the change of zonal wind at 200 hPa is statistically significant at the
10% level

the change of middle and upper troposphere temperature in
the model is shown in Fig. 3b. The BCC_AGCM captures
the unique upper troposphere cooling in mid-summer, and
the mid-latitude of Eurasia continent is dominated by
cooling in the model. The significant cooling region shifts
eastward to the northwestern Pacific, reaching approximate
0.6 K. The simulated cooling over the northeast of the
Tibetan Plateau, which is less than 0.4 K, is much weaker
compared with reanalysis data.

Accompanying with the upper tropospheric cooling,
large-scale circulation in mid-summer has also experienced
significant changes in East Asia. In the upper troposphere,
the westerly jet axis is located around 40°N at 200 hPa
(Fig. 1a), which is closely related to the major rain-pro-
ducing system known as Meiyu front in summer located
along the YR valley extending to northwestern Pacific (Tao
et al. 1958; Zhang et al. 2006). In the NCEP reanalysis, a
notable increase in westerlies (larger than 3 m sfl) is
found around 30°N and the decrease of westerly occurs
along 45°N (Fig. 4a). As such, the 200 hPa westerly jet
over East Asia displaces southward, well corresponding to
the  “southern-flooding-and-northern-drought”  rainfall
pattern in eastern China. The BCC_AGCM well simulates
the change of upper-level westerly jet (Fig. 4b). The
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westerly increases 2 m s~ along 30°N and decrease about
1 ms™' along 45°N. Nevertheless, the increasing and
decreasing centers shift westward in the model, which is
well correlated to the rainfall variation pattern, as the
simulated flooding centers along the YR valley is more
evident in the region west of 110°E.

Despite the evident changes in the upper troposphere, the
low-level monsoon flows also show obvious variation. The
interdecadal changes of JA 850 hPa winds from reanalysis
and model simulation are compared by vectors in Fig. 4.
Summer monsoon flow from Southwest China to Northeast
China weakened substantially, as anomalous northerly
winds dominate most of East Asia (Fig. 4a). The south-
westerly monsoon flows over East China transport water
vapor all the way to North China (Zhou and Yu 2005). With
the anomalous northerly winds, the actual northward trans-
port of tropical water vapor to North China has reduced
while more water vapor converges over the YR valley,
corresponding to excessive rainfall in the South and defi-
cient rainfall in the North. The model generally captures the
changes of the 850 hPa winds over East Asia, with the
weakening of the EASM well reproduced. However, the
simulated 850 hPa wind changes are not as large as those in
the reanalysis. The northeasterly anomaly mainly locates
around region south of 40°N. The weak change of low-level
wind in North China is closely related to the bias of climate
mean state, since westerly rather than southwesterly prevails

@ Springer

1870 1975 1980 1985 1990 1995 2000

the region north of 40°N in the model (Fig. 1b). It is also
noted that the weakening of monsoon in BCC_AGCM
simulation is even weaker than that in original CAM3 with
the same forcing as shown by Li et al. (2010).

From the analyses above, it is found that although
BCC_AGCM show problems in simulating the interdecadal
changes of East Asia climate, such as the amplitude and
location of change centers, the observed configuration of the
changes between rainfall and related large scale temperature
and circulation is reasonable reproduced by the model. To
quantitatively examine the capability of BCC_AGCM in
reproducing the relationship of interdecadal changes of
upper troposphere cooling and low-level wind weakening,
the regional mean time series of low-level meridional wind
(averaged over 850-500 hPa) and upper level temperature
(500-200 hPa) are illustrated in Fig. 5. The JA mean rain-
fall difference between the YR valley and North China is
also shown. A high correlation between the lower tropo-
spheric meridional wind averaged in 100°E-120°E, 30°N—
40°N and the upper-tropospheric air temperature averaged
in 90°E-120°E, 35°N-45°N is found in reanalysis (Fig. 5a),
with the correlation coefficient reaching 0.71. This weak-
ening of monsoon flow contributes to the interdecadal
change of rainfall in the eastern China, and they are highly
correlated with each other. The correlation between the low-
level southerly and changes of rainfall difference between
YR valley and northern China reaches —0.65. The model
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reproduces the relationship between the upper-level tem-
perature and low-level meridional wind, as well as that
between low-level wind and rainfall difference (Fig. 5b). In
most of years, the low-level southerly shows consistent
variation with upper-level temperature, while opposite trend
with rainfall differences. The correlation between low-level
southerly and upper-level temperature is 0.45, smaller than
that in reanalysis, partly because the cooling in the upper
troposphere and weakening of low-level monsoon circula-
tion in the model is both weaker than those in reanalysis. The
negative correlation between low-level southerly and rain-
fall differences is also well reproduced by the model, with
the correlation coefficient reaching —0.57.

To further examine the vertical structure of the changes
in temperature and winds, Fig. 6 compares the cross section
of zonal mean (90°E-120°E) temperature (contours) and
wind vectors from NCEP and BCC_AGCM. Consistent
with previous studies, there is a significant cooling over the
subtropical (north of 25°N) and a warming over the tropical
region (south of 25°N) during 1978-2000 relative to
1955-1977. The cooling center reaches —1.5 K and is
around the 300 hPa level over 30°N-50°N. Accompanying

(a) NCEP

Pressure (hPa)
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Fig. 6 Mean latitude-height cross section averaged over 90°E-120°E
of JA temperature (contours unit: K) and meridional circulation
(vectors) for 1978-2000 minus 1955-1977 difference from a NCEP
reanalysis and b BCC_AGCM ensemble result. The shaded areas in
are statistically significant at the 10% level for temperature

this cooling and its resulted change in land—ocean temper-
ature gradients, anomalous descending and ascending
motions occur over North China and YR valley, respec-
tively, with anomalous northerly winds prevailing between
20°N and 50°N. The tropospheric cooling in subtropical and
warming in the tropical region is captured by the model,
with the latter more significant in the simulation (Fig. 6b).
The subtropical cooling (about 0.3 K) is much weaker in the
model. The cold anomaly shifts southward with the descent
of height, locating over the north of YR valley in the middle
and lower levels (beneath 400 hPa) while over the North
China in the upper levels (above 300 hPa), indicating a
baroclinic structure in troposphere in the model. Corre-
sponding to the troposphere cooling, the model reproduces
the descending and ascending motions over the tropical
ocean area and YR valley, respectively, with anomalous
northerly winds between 20°N and 40°N. Consistent with
the southward shift of middle and low level cooling, the
descending motion shifts southward, and the region north of
40°N is dominated by upward motion and southerly, which
coincides with the weak interdecadal variation of rainfall
over North China (Fig. 2b).

The meridional mean cross section in changes of tem-
perature and wind averaged over 30°N—45°N is shown in
Fig. 7. Significant tropospheric cooling is found from the
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Fig. 7 Same as Fig. 6, but for mean longitude-height cross section
averaged over 30°N-45°N
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Tibetan Plateau to the eastern China (80°E-130°E). The
cooling center is also at 300 hPa around 105°E in
reanalysis data (Fig. 7a). A relative weaker warming is
found over the region west of 75°E and east of 150°E.
Corresponding to the changes of tropospheric temperature,
strong downward motion is found over the eastern China.
The westerly over the upper troposphere (above 300 hPa)
of the eastern China increases, while easterly over the
lower levels (below 400 hPa) increases, indicating the
enhancement of subtropical westerly jet in upper tropo-
sphere and weakening of southwesterly monsoon wind in
low levels. The broad zonal vertical structure is also
captured by the model (Fig. 7b). The troposphere cooling
in the model mainly situates upon the Tibetan Plateau
(90°E-105°E) below 300 hPa, about 20° westward com-
pared with the reanalysis. The spatial range of cooling is
much smaller and the amplitude is much weaker.
Increased westerly in upper troposphere is also repro-
duced, while the decrease of low-level westerly is only
evident around 105°E-120°E.

4 Conclusion remarks and discussion
4.1 Conclusions

To comprehensive examine the interdecadal changes of
East Asian climate in second half of the 20th century, the
rainfall change and its related three-dimensional structure
of temperature and circulation as a whole are proposed as
primary metrics to access the performance of
BCC_AGCM. The SST-induced changes simulated by a
set of ensemble runs show that the BCC_AGCM captures
the observed configuration of the interdecadal changes of
East Asian climate in mid-summer. The main results are
summarized below.

1. The “southern-flooding-and-northern-drought” rain-
fall pattern is generally simulated by the model.
However, the center of rainfall change is not well
reproduced. The flooding center in the south shifts
westward. Meanwhile, the amplitude of the change,
especially in the north, is much weaker compared to
the observation.

2. The tropospheric cooling, southward shift of upper
level westerly jet and weakening of low-level monsoon
flow are all reasonably captured. The amplitudes of
these changes are all smaller than that in reanalysis and
the change centers shift.

3. Although the model still exhibits large biases, the
configuration of the observed changes of rainfall and
its associated large-scale temperature and circulation is
faithfully reproduced by the model.
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4.2 Discussion

Simulations of the Asian summer monsoon and its vari-
ability are challenging issues due to the complex of the
associated physical processes (Kang et al. 2002; Wang
et al. 2005; Gao et al. 2011). In this study, we proposed the
configuration of rainfall and its related three dimensional
structures of tropospheric cooling and associated circula-
tion as a primary metric to comprehensively examine
model results. Several other factors also greatly influence
the EASM and its variability. For example, the western
Pacific subtropical high (WPSH) is one of the most
important and direct factor. Previous investigations have
shown that zonal and meridional location of WPSH are
directly and closely associated with the interdecadal vari-
ations of EASM. The southwesterly monsoon flow is lar-
gely affected by WPSH (Tao and Chen 1987; Huang et al.
2003; Liu et al. 2004; Ding and Chan 2005; Zhou and Yu
2005; Zhou et al. 2009). In addition, Indian Ocean and
tropical eastern Pacific (ENSO) may also have contribution
to the interdecadal variations (Hu 1997; Liang et al. 2009).

Studying how East Asian climate have changed may
provide insight for understanding future changes. Numer-
ical models are useful tool to study the mechanism of East
Asian climate. Building comprehensive metrics for evalu-
ating key model behaviors and understanding critical pro-
cesses should help to improve model performance and
further help to understand the contribution of different
factors to EASM and its variability. By comparing the
results of BCC_AGCM with observation and reanalysis
data using the primary diagnostic metric, this study lays
down a base for further investigation of the physical pro-
cesses associated with the interdecadal variations of East
Asian summer climate by using GCM. It is suggested that
although there are systematical biases in current version of
BCC_AGCM, this model reasonably captures the observed
configuration of coherent temperature and circulation
changes, as well as their relationships with rainfall chan-
ges. Therefore, this model has implications for the inter-
pretation of mechanisms of the interdecadal changes in the
East Asia.

We have used a prescribed SST boundary condition in
this study. The reasonably reproduced configuration of
rainfall and related large-scale circulation in the SST-
forced runs support the perspective that the interdecadal
changes of East Asian rainfall and circulation are mainly a
regional response to global climate changes rather than
regional anthropogenic forcing agents. Nevertheless, it
should be noted that the observed SST includes both nat-
ural variability and response to anthropogenic forcing such
as increasing of GHG concentrations, the reproduction of
East Asian summer monsoon interdecadal variation in the
GCM forced by observed SST cannot exclude the impact
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of increase of GHG concentration on the decadal variation
of East Asian summer monsoon. Our conclusion does not
rule out any other factors. To better understand the roles of
other forcing agents including aerosols, future studies are
needed by coupling BCC_AGCM with an ocean model.
However, whether the coupled model is possible to cor-
rectly simulate the long term trend of summer monsoon
rainfall over this region warrants further study.
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