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ABSTRACT

Using the output data of 20 coupled climate models used in IPCC AR4 and observational data from
NCEP, the capability of the models to simulate the boreal winter climatology of the East Asian sea level
pressure, 850-hPa wind, and surface air temperature; the decadal variations of the East Asian winter mon-
soon (EAWM) intensity and EAWM-related circulation, and the interdecadal variations of EAWM-related
circulation are systematically evaluated. The results indicate that 16 models can weakly simulate the declin-
ing trend of the EAWM in the 1980s. More than half of the models produce relatively reasonable decadal
variations of the EAWM-related circulation and the interdecadal differences of EAWM-related circulation
between the boreal winters of 1960-1985 and 19861998, including the weakened Siberian high, Aleutian low,
and East Asian trough, the enhanced Arctic oscillation and North Pacific oscillation, and a deepened polar
vortex. It is found that the performance of the multi-selected-model ensemble in reproducing the spatial dis-
tribution of the variations is encouraging, although the variational amplitudes are generally smaller than the
observations. In addition, it is found that BCCR-BCM2.0, CGCM3.1-T63, CNRM-CM3, CSIRO-MK3.0,

GISS-ER, INM-CM3.0, and MRI-CGCM2.3.2 perform well in every aspect.
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1. Introduction

With the continuous development of climate mod-
els, the validation of their simulation capacity has be-
come an important research subject. Numerous as-
sessments of regional and global climate simulations
have been published, including a large number of stud-
ies on East Asian climate. For example, Zhao et al.
(1995) assessed the performance of five coupled gen-
eral circulation models (CGCMs) in simulating the cli-
mate in East Asia and China, indicating that these five
CGCMs can simulate the spatial distribution of sur-

face air temperature (SAT), precipitation, and circu-

lation in the East Asian region reasonably well, per-
Sub-
sequently, many Chinese scholars carried out similar
studies (Wang and Zhang, 1999; Xu et al., 2002; Zhou
and Li, 2002; Gao et al., 2003a, b, 2004; Zhao et al.,
2003; Zhou et al., 2004; Feng and Fu, 2007).
Accompanying the assessment reports of the In-

forming best in winter and worst in summer.

tergovernmental Panel on Climate Change (IPCC),
evaluations of the performance of coupled models in
simulating the climate over East Asia have been con-
ducted worldwide (Buhe et al., 2003; Min et al., 2004;
Kripalani et al., 2007a; Jiang, 2008). Overall, most

coupled models can successfully reproduce the annual
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and seasonal SAT and precipitation climatology of
East Asia, with relatively good performance for bo-
real autumn and the annual mean (Jiang et al., 2005).
However, discrepancies still exist among different cou-
pled models (Wang and Xiong, 2004; Xu et al., 2007;
Jiang et al., 2009). It has been found that the ability
of coupled models to simulate SAT is generally better
than that of precipitation, with lower simulated tem-
perature and higher simulated precipitation as com-
pared to the observation. Coupled models not only
reproduce SAT climatology reasonably well, but also
perform well in simulating the interannual variabil-
ity of the global and the Northern Hemispheric mean
SAT, with a relatively poorer but acceptable perfor-
mance for China (Zhou and Yu, 2006). However, their
performance in simulating precipitation is not poor.
Although most coupled models show a relatively
realistic representation of monsoon precipitation cli-
matology, the interannual and interdecadal variations
of simulations are rarely comparable with observa-
tions (Dai, 2006; Annamalai et al., 2007; Liu and
Jiang, 2009; Gu and Li, 2010).

assessments on coupled models, focusing mostly on

There are many

simulations of the East Asian monsoon and South
Asian monsoon precipitation climatology and intrasea-
sonal and interannual monsoon variations (Lambert
and Boer, 2001; Lin et al., 2006; Kripalani et al.,
2007b; Lin et al., 2008; Sun and Ding, 2008; Bol-
lasina and Nigam, 2009).

have specifically performed assessments of East Asian

By contrast, few studies

winter monsoon (EAWM) simulations, especially with
regard to its decadal and interdecadal variations. It
is known that the variability of the EAWM can ex-
ert large influences on China, Korea, Japan, and sur-
rounding regions, with profound economic and social
impacts (Guo, 1994; Ji and Sun, 1997; Wang et al.,
2003; Wang and Chen, 2010). Previous studies have
shown that the EAWM has exhibited evident decadal
and interdecadal variations over the past half century
as well as a significant weakening during the mid 1980s
(Yan et al., 2009; Wang and Chen, 2010). Thus, the
ability of current coupled models to capture the above
variations of the EAWM is also an important indica-

tion of a model’s performance in East Asian climate
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simulations.

Based on the outputs of 20 coupled models in
IPCC AR4, this paper aims to examine to what extent
the current state-of-the-art coupled climate models
can reproduce the observed EAWM weakening trend
of the 1980s together with its climatology and inter-
decadal variations over the past half century.

The paper is arranged as follows. Section 2 in-
troduces the data and analysis methods. Section 3
depicts the accuracy of the coupled models in captur-
ing the climatology of the sea level pressure (SLP) over
East Asia and the Pacific, and 850-hPa wind and SAT
over East Asia. The weakening trend of the EAWM
and the corresponding circulation changes from both
observations and simulations are addressed in Section
4. Section 5 presents an assessment of the performance
with regard to interdecadal variation simulations. A

summary and discussion are given in Section 6.

2. Data and analysis method

The observational datasets used in this study are
the monthly mean NCEP/NCAR (National Centers
for Environmental Prediction/National Center for At-
mospheric Research) reanalysis data during 1960-1998
(Kalnay et al., 1996). The 20th-century monthly mean
simulations during 1960-1998 produced by coupled cli-
mate models used for the IPCC AR4, which are of-
ten called the “20th-century Climate in Coupled Mod-
els (20C3M)”, are used as model data (http://www-
pemdi.llnl.gov/ipcc/about _ipcc.php). Because these
models employ different horizontal resolutions, for
convenience, the outputs from all models are linearly
interpolated onto the same grid resolution as the ob-
servations. The SAT is interpolated to the T62 Gaus-
sian grid with 192x94 points; the other variables are
interpolated to the 2.5° x 2.5° horizontal grid with
144x73 points. Seasonal means are constructed from
the monthly means by averaging the data of Decem-
ber, January, and February (DJF) during 1960-1998.
Here, our convention is that the winter of 1960 refers
to the 1960/1961 winter.

To quantitatively evaluate the models’ perfor-

mance in simulating climatology of a specific region,
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two statistical variables will be used (Jiang et al.,

2005). One is the regional average error (RAE):
RAE =7 — 7 — ~ zn: ! (1)
=T-F==) Ti—— > Y
Y n - n - Y

and the other is the spatial correlation coefficient

(SCC):

3 - D7)
SCC = =1 : (2)
Y =3 [ -9

where x; (y;) denotes the simulation (observation)
value at the ith spatial grid point, and n is the to-
tal number of grid points within the domain.

In order to eliminate the influence of model to-
pography differences on the surface air temperature, a

revising formula is applied:
T = TM — (hM — ho) X Vs (3)

where Ty (hy) is a model’s SAT (topography) that
has been interpolated to the T62 Gaussian grid, hg is
the real topography, s is the atmospheric lapse rate
(-6.5 K km~1), and T is the revised SAT.

Two multi-model ensemble mean methods are
used in this study. One is applied to evaluating the
models’ performance in simulating the climatology of
the EAWM, which includes all the available models.
The other, which only takes into account the models
whose coefficients of spatial correlation between the
observed and simulated decadal and interdecadal vari-
ations exceed the 5% significance level, is used to in-
vestigate the models’ ability to reproduce the decadal
and interdecadal change of the EAWMe-related circu-
lation.

3. Performance assessment of the climatology

simulations

The ability to reasonably reproduce observed cli-
matology is a primary factor in judging whether a
model’s simulation of the interdecadal variation is
credible (Sun and Ding, 2008). Thus, to obtain an
overview of the models’ simulation capability for East
Asia, the climatology simulated by the coupled models
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is first validated. Considering the general characteris-
tics of the EAWM, we investigate the validity of the
simulated climatologies of the Siberian high (SH; for
the domain of 20°-65°N, 70°-140°E), the Aleutian low
(AL; for the domain of 30°—70°N, 150°E-120°W), the
850-hPa northwesterly flow in East Asia (for the do-
main of 10°-60°N, 115°~150°E), and the SAT in the
region of 15°-55°N and 70°~150°E. The corresponding
statistical results are listed in Table 1.

3.1 Sea level pressure

As is well known, there exists a large heat forcing
contrast between the ocean and the continent due to
their different thermal capacities in winter (Tao and
Chen, 1987), which is clearly reflected by the SH and
AL located in East Asia and North Pacific, respec-
tively. As shown in Fig. la, the above-mentioned geo-
graphical distribution of the winter sea level pressure is
generally reproduced by the 19-model ensemble mean
(IPSL-CM4, Institute Pierre Simon Laplace Coupled
Model version 4, is excluded, as will be explained
later), although some deviations are inevitable. In
general, sea level pressure is overestimated in the
low latitudes and underestimated in the high lati-
The
poorest performances are generally registered in high

tudes, with regional biases from —2 to 2 hPa.

mountains, such as the Iranian Plateau, the Tibetan
Plateau, the western and northern Mongolian Plateau,
the Stanovoy range, the Chersky mountains, and the
Alaska range, implying possible topographic effects on
the simulations.

Table 1 shows that, for the SH, the RAE of the
multi-model ensemble mean is only —0.003 hPa, denot-
ing the multi-model’s superiority to any single model
in simulating the climatology. Furthermore, the SCC
is as high as 0.934, indicating that the spatial distri-
bution of the annual sea level pressure is well depicted
by the multi-model ensemble mean for East Asia. In
addition, IPSL-CM4 has the poorest performance in
depicting the SH, demonstrating a false high over the
Tibetan Plateau, together with a 5.566-hPa RAE and
an SCC of 0.571. For this reason, IPSL-CM4 was
excluded from the multi-model mean of the sea level
pressure. Meanwhile, the RAE of the rest of the cou-
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Table 1. Statistics of EAWM-related circulation and surface air temperature simulated by 20 coupled models
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SH AL uUVgs0  USHO V850 SAT
(20°-65°N, 70°-140°E) (30°-70°N, 50°E-120°W) (10°-60°N, 115°~150°E) (15°-55°N, 70°~150°E)
Model RAE scc RAE scc RAE SCC ScC RAE scc
(hPa) (hPa) (ms™1) (°C)
BCCR-BCM2.0 0.480 0.928 5.403 0.911 0.306 0.989 0.849 —2.630 0.992
CCSM3 -1.175 0.739 -3.189 0.902 1.480 0.988 0.898  0.580 0.989
CGCM3.1 (T47) 1.841 0.917 —0.201 0.937 0.279 0.981 0.925 -2.116 0.975
CGCM3.1 (T63) 1.333 0.924 0.721 0.902 0.452 0.966 0.924 -1.180 0.984
CNRM-CM3 1.690 0.820 3.508 0.952 0.845 0.972 0.864 —1.186 0.983
CSIRO-MK3.0 0.535 0.781 —-6.197 0.945 0.857 0.967 0.833 —2.106 0.993
CSIRO-MK3.5 ~1.444 0.692 -6.815 0.916 1.346 0.963 0.818 1.550 0.994
GFDL-CM2.0 -0.628 0.816 -1.913 0.965 0.881 0.986 0.915 -3.810 0.986
GFDL-CM2.1 —0.146 0.818 0.489 0.971 1.208 0.981 0.881 —1.687 0.989
GISS-ER 0.286 0.864 -1.076 0.767 0.193 0.947 0.810  0.605 0.985
INGV-ECHAMA4 -0.053 0.911 1.004 0.949 0.339 0.971 0.894 1.675 0.992
INM-CM3.0 -2.235 0.708 1.518 0.841 0.331 0.980 0.850 —2.276 0.975
IPSL-CM4 5.566 0.571 -8.168 0.940 0.521 0.952 0.869 -2.617 0.992
MIROC3.2 (medres) —1.274 0.716 ~2.287 0.889 1.154 0.984 0.895 -0.160 0.991
MIROC3.2 (hires)  —0.508 0.729 -5.183 0.940 1.345 0.982 0.892  0.412 0.994
ECHAMS5/MPI-OM  —0.356 0.937 1.826 0.965 0.104 0.984 0.900  0.819 0.993
MRI-CGCM2.3.2 1.406 0.834 1.524 0.934 -0.770 0.931 0.732  0.725 0.982
PCM1 1.674 0.854 2.890 0.965 0.417 0.980 0930 -2.181 0.986
UKMO-HadCM3 —2.277 0.823 0.071 0.883 -0.936 0.982 0.859 -1.054 0.985
UKMO-HadGEM1 0.793 0.921 3.798 0.881 —-0.030 0.979 0.867 —3.489 0.973
Ensemble mean -0.0031 0.934! -0.2161 0.9761 0.353 0.992 0.945 -1.035 0.996

HPSL-CM4 is excluded. SH: Siberian high, AL: Aleutian low, uvsso: resultant wind velocity at 850 hPa, ugso: zonal wind at
850 hPa, vgs0: meridional wind at 850 hPa, and SAT: surface air temperature.

pled models varies from -2.3 to 1.8 hPa.
over, INGV-ECHAM4 (National Institute of Geo-

More-

and the reanalysis data, with the RAE values from
-8.168 to 5.403 hPa.

However, for the multi-model

physics and Volcanology, ECHAM 4.6 Model) and
ECHAMS5/MPI-OM (Max Planck Ocean Model) show
a better performance in simulating the sea level pres-
sure in East Asia, with RAE (SCC) values of —0.053
(0.911) and 0.356 (0.937) hPa, respectively.

In contrast to the SH, the AL is more success-
fully reproduced by the individual models according
to their SCC. The SCC values of 15 models exceed 0.9,
with the highest reaching 0.971 (GFDL-CM2.1: Geo-
physical Fluid Dynamics Laboratory Climate Model
version 2.1). Although GISS-ER (Goddard Institute
for Space Studies, Model E20/Russell) has the low-
est value (0.767), it still has an SCC superior to that
of IPSL-CM4 for the SH when compared to the ob-
servations. Thus, it is noted that the current state-
of-the-art coupled models exhibit better performance
in simulating spatial variations over flat terrain than
over complex topography. At the same time, some

disagreements still exist between the simulated AL

ensemble mean, the decrease in RAE (-0.216 hPa) is
quite notable, together with a slight increase in the
SCC (0.976). All together, the above analysis reveals
that the multi-model ensemble mean generally exhibits

much better performance than the individual models.
3.2 Northwesterly flow in East Asia

Previous studies have indicated that the most
prominent feature of the northwesterly flow along the
east flank of the SH is its divarication in the south
of Japan, with one branch flowing straight toward the
subtropical western and central Pacific and the other
flowing along the coast of East Asia (Chen et al., 2005;
Wang and Chen, 2010). Figure 1b shows the 850-hPa
wind climatology of the 20-model ensemble mean (vec-
tor) and the velocity difference between simulation and
observation (shaded). Obviously, the 20-model ensem-
ble mean coincides well with the above spatial pattern.

However, discrepancies are also exhibited. The simu-



480 ACTA METEOROLOGICA SINICA

lated velocity is 0.5-1.5 m s~* higher than the observa-
tions over the North China Plain, the Philippines, the
Yablonoi mountains, Korea, and Japan. The biases in
certain areas reach up to 2 m s~!. On the other hand,
the velocity is underestimated by 0.5-1.5 m s~! in
southern China, the Northeast China Plain, the East
China Sea, the West Pacific, and the Stanovoy range.
Overall, the 20-model ensemble mean of 850-hPa wind
agrees, to a certain extent, with the observation.

To specify the individual coupled model’s ca-
pacity to simulate the 850-hPa wind, the simulated
zonal wind, meridional wind, and resultant wind ve-
locity were analyzed. As listed in Table 1, even
though the RAE of the multi-model mean wind ve-
locity is only 0.353 m s~!, the multi-model ensemble
did not achieve the best performance as in other cases.
Comparatively, the BCCR-BCM2.0 (Bjerknes Centre
for Climate Research-Bergen Climate Model version
2), CGCM3.1 (T47) (Coupled General Circulation
Model version 3.1), GISS-ER, INGV-ECHAM4, INM-
CM3.0 (Institute for Numerical Mathematics Climate
Model version 3), ECHAM5/MPI-OM, and UKMO-
HadGEM1 (Met Office Hadley Centre Global Environ-
mental Model version 1) perform slightly better than
the multi-model ensemble, with RAE values of 0.306,
0.279, 0.193, 0.339, 0.331, 0.104, and —0.030 m s~ !,
respectively. In addition, CCSM3 (Community Cli-
mate System Model version 3), CSIRO-MK3.5 (Com-
monwealth Scientific and Industrial Research Organ-
isation Mark version 3.0), GFDL-CM2.1, MIROC3.2
(medres) (Model for Interdisciplinary Research on Cli-
mate version 3.2), and MOROC3.2 (hires) give rela-
tively poor simulations, with the RAFE values reaching
1.480, 1.346, 1.208, 1.154, and 1.345 m s~!, respec-
tively.

The models’ ability to simulate the East Asian
zonal wind climatology is considerably robust. Of the
20 models, 18 have significant coefficients of spatial
correlation with the observation, all of which exceed
0.95. The SCC of the 20-model ensemble mean is as
high as 0.992. Apparently, all of the coupled models
can successfully depict the spatial distribution of the
zonal wind at 850 hPa in East Asia. Meanwhile, the

discrepancies of the simulated meridional wind at 850
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hPa are relatively pronounced. The primary manifes-
tation is the decrease in the SCC, with only 5 mod-
els [CGCM3.1 (T47), CGCM3.1 (T63), GFDL-CM2.0,
ECHAMS5/MPI-OM, and PCM1 (Coupled Model Par-
allel Climate Model, NCAR)] achieving an SCC ex-
ceeding 0.9. Fortunately, most of the models’ SCC val-
ues remain above 0.85. Additionally, the SCC of the
multi-model ensemble mean is still sufficiently high,
up to 0.945. Overall, although there is some disagree-
ment between the simulated and reanalysis data, all of
the coupled models can reasonably reproduce the ge-
ographical distribution and variational magnitude of
the northwesterly flow at 850 hPa in East Asia.

3.3 Surface air temperature

Regardless of how the circulation changes, its in-
fluence will be reflected by variations in the surface
air temperature (Chen and Sun, 1999; Gong et al.,
2002; Zhao and Zhang, 2006). Thus, it is interesting
and necessary to examine whether the coupled mod-
els can successfully capture the surface air tempera-
ture climatology in East Asia. As displayed in Fig.
lc, the surface air temperature simulated by the 20-
model ensemble is distributed over a latitudinal band
and gradually decreases northward. A large extent of
cooling occurs over the Tibetan Plateau and Xinjiang
Region. This spatial pattern agrees in general with the
observations. However, there are also large discrepan-
cies between the observed and simulated regional fea-
tures, especially in western China, where the tempera-
ture is underestimated or overestimated by more than
4°C. Furthermore, large simulation errors arise in the
Kazakhskiy Melkosopochnik and Mongolian Plateau
as well. Compared with the west, the biases in the
east, where the topography is much flatter, are rela-
tively smaller.

The values included in Table 1 indicate that the
state-of-the-art coupled models have the best perfor-
mance in simulating the spatial distribution of tem-
perature as compared with other variables, which has
already been partly documented (Zhao et al., 1995;
Jiang et al., 2005; Xu et al., 2007). It is notable that
almost all of the models’ SCC values exceed 0.97, and
the RAE values vary from -3.489°C (UKMO-HadGE-
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Fig. 1. Climatology of (a) sea level pressure (SLP; hPa), (b) wind at 850 hPa (uwsso; m s~ '), and (c) surface air

temperature (SAT; °C) for the winters of 1960-1998 as simulated by the multi-model ensemble. The nine-point running

average differences between the ensemble mean and observations are shaded.

M1) to 1.550°C (CSIRO-MKS3.5). The underestima-
tion by 13 of the 20 models as well as that of the
multi-model ensemble mean indicates a cooling bias
of the current coupled models (Jiang et al., 2005; Xu
et al., 2007; Liu and Jiang, 2009). However, the sig-
nificant spatial correlation coefficient (0.996) for the
20-model ensemble mean is impressive.

Based on the above analysis, we can confidently
approve the current coupled models’ performance in
simulating the climatology of the EAWM. However, in
practical application, more attention is given to their
validations in reproducing the evolution of circulation
and other meteorological elements. Thus, the decadal
and interdecadal variations of the EAWM-related at-
mospheric general circulation will be discussed in the
following two sections, respectively.

4. Assessment of model performance in simu-

lating the decadal EAWM variations

An important characteristic of the EAWM on the

decadal timescale is its continuous weakening since
1986 (Kang et al., 2006; Yan et al., 2009; Wang and
Chen, 2010). Although the EAWM is a regional phe-
nomenon, its variation correlates well with the change
of large-scale circulation (Wang and Jiang, 2004).
From this point of view, EAWM-related atmospheric
general circulation must have changed greatly between
1980 and 1989. To quantitatively evaluate the mod-
els’ performance in this regard, the observed and sim-
ulated linear trends of sea level pressure (SLP) and
geopotential height at 500 hPa (H500) for the period
of 1980-1989 are estimated with linear regression (Fig.
2). The coefficients of spatial correlation between the
observed and simulated linear trends in the Northern
Hemisphere are displayed in Table 2.

In the observed SLP field, there are decreasing
trend varying from —0.3 to —1.2 hPa yr~! in high lati-
tudes and increasing trends of 0.3-1.2 hPa yr—! else-
where, in particular, western Europe and the North
Pacific, resulting in a “+ —+” tripolar pattern (Fig.
2a). This means that the Arctic oscillation (AO) was
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enhanced and that the SH and AL were weakened in
the boreal winters of 1980-1989. As expected, the
models did not show the same performance in sim-
ulating the decadal variations as in reproducing the
climatology (the second column of Table 2). How-
ever, considering the large sample grids, all of the pos-
itive SCC should be valid. There are 10 models, i.e.,
BCCR-BCM2.0, CCSM3, CGCM3.1 (T63), CNRM-
CM3 (Centre National de Researches Météorologiques
Coupled Global Climate Model version 3), CSIRO-
MK3.0, GFDL-CM2.1, INGV-ECHAM4, MIROC3.2
(medres), MIROC3.2 (hires), and ECHAMS5/MPI-
OM, producing SCCs at the 5% significance level.
Consequently, the improvement of the 10-model en-
semble is remarkable, with the SCC reaching 0.676.
As shown in Fig. 2b, the 10-model ensemble correctly
shows increasing trends in western FEurope and the
North Pacific as well as decreasing trends in Siberia
and North Atlantic. Unfortunately, the amplitude is
underestimated.

In pace with the changing SLP, H500 also exhib-
ited obvious decadal variability during the winters of
1980-1989. As illustrated in Fig. 2c, three promi-
nent positive ascending trend centers are observed in
western Europe, from East Asia to North Pacific, and
southern North America, respectively. At the same
time, three evident negative centers are found emerg-
ing in the Ural Mountains, Bering Sea, and North At-
lantic. All of the above, to a certain extent, suggests
a weakening of the East Asian trough, an enhance-
ment of the North Atlantic Oscillation (NAO), and a
deepening of the Polar vortex. The values listed in the
third column of Table 2 indicate that 13 coupled mod-
els, i.e., BCCR-BCM2.0, CCSM3, CGCM3.1 (T63),
CNRM-CM3, CSIRO-MK3.0, GFDL-CM2.1, GISS-
ER, INM-CM3.0, MIROC3.2 (medres), MIROC3.2
(hires), ECHAM5/MPI-OM, MRI-CGCM2.3.2 (Mete-
orological Research Institute Coupled Global Climate
Model version 2.3.2), and UKMO-HadCM3 (Hadley
Centre Coupled Ocean-Atmosphere General Circula-
tion Model version 3), have simulated the above spa-
tial variational pattern reasonably well. When taking

into account these 13 models, the multi-model ensem-
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ble mean again shows encouraging results (Fig. 2d),
It is

notable that the above-mentioned negative and posi-

with a spatial correlation coefficient of 0.801.

tive centers’ locations and ranges are accurately repro-
duced by the 10-model ensemble. However, the prob-
lem of underestimated amplitude, which is approxi-
mately one third of the observation, remains. In ad-
dition, the ability of the CSIRO-MK3.0 to reproduce
the decadal variations of the circulation is the best. In
contrast, CGCM3.1 (T47) gives relatively larger sim-
ulation errors, the spatial pattern of which is almost
opposite to that of the observation.

Because the intensity of the EAWM experienced
a moderate declining trend (Yan et al., 2009), we fur-
ther analyze the linear trends of an EAWM index for
1980-1989. The linear trend of the area-averaged 500-
hPa geopotential height anomalies in the domain of
25°-40°N, 110°-155°E, which is defined as the EAWM

index, for the observations and simulations, is shown

Table 2. Coefficients of spatial correlation between
the observed and simulated linear trends of SLP and
H500 in the Northern Hemisphere for the winters of

1980-1989

Model SLP H500
BCCR-BCM2.0 0.179 0.235
CCSM3 0.337 0.383
CGCM3.1 (T47) —0.418 —0.323
CGCM3.1 (T63) 0.443 0.557
CNRM-CM3 0.255 0.386
CSIRO-MK3.0 0.499 0.559
CSIRO-MK3.5 —-0.366 —0.150
GFDL-CM2.0 —-0.386 -0.362
GFDL-CM2.1 0.355 0.442
GISS-ER -0.171 0.231
INGV-ECHAM4 0.069 -0.047
INM-CM3.0 -0.067 0.069
IPSL-CM4 -0.221 —0.021
MIROCS3.2 (medres) 0.305 0.256
MIROCS3.2 (hires) 0.292 0.328
ECHAMS5/MPI-OM 0.185 0.186
MRI-CGCM2.3.2 -0.016 0.075
PCM1 -0.207 —0.036
UKMO-HadCM3 —0.008 0.090
UKMO-HadGEM1 -0.020 -0.215
Ensemble mean™ 0.676 0.801

* Only takes into account the models exceeding the 5% signi-
ficance level. SLP: sea level pressure; H500: 500-hPa geopo-
tential height. The bold values are statistically significant at
the 5% level.
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Fig. 2. Linear trends of (a, b) sea level pressure (hPa yr~*) and (c, d) 500-hPa geopotential height (gpm yr~!) for the

winters of 19801989 north of 20°N obtained from observations (a, ¢) and the ensemble mean of selected coupled climate

models (b, d).

in Fig. 3. There is an increasing trend of 7 gpm yr—*,
indicating a pronounced weakening of the EAWM
intensity. The observed declining trend is success-
fully reproduced by most of the models, although
the simulated amplitudes are far underestimated from
the observations. Only four models (CGCM3.1-T47,
CNRM-CM3, GFDL-CM2.0, and UKMO-HadGEM1)
failed to simulate the observed declining trend of the
EAWM index.

5. Assessment of model performance in simu-
lating the interdecadal EAWM variations

The EAWM is characterized by obvious interan-

nual variability as well as interdecadal variability (Shi,
1996; Jhun and Lee, 2004; Wang et al., 2009). Because
the EAWM experienced a significant shift around 1986
(Yan et al., 2009; Wang and Chen, 2010), in the fol-
lowing assessment, we use 1960-1985 and 1986-1998
to represent the strong and weak EAWM periods, re-
spectively. Figure 4a (4c) illustrates the observed dif-
ferences in SLP (H500) between the strong and weak
EAWM periods. The negative and positive phases of
the SLP anomalies are separated by approximately
45°N in the Northern Hemisphere (Fig. 4a). In
the high latitudes, the anomalies are generally greater
than —1 hPa, with the largest values located in Green-



484 ACTA METEOROLOGICA SINICA

(gpm yr ')
(3]

07 o = = ﬁﬂmﬂmﬂﬂﬂﬂﬁm

= O

]
]

East Asian monsoon index

NCEP
BCCR—-BCM2.0
NCAR—-CCSM3

CGCM3.1-T63
GISS—ER

INGV-ECHAM4
IPSL—-CM4

GFDL-CM2.0
MIROC3.2—medres

CNRM—-CM3
CSIRO—-MK3.0
CSIRO-MK3.5

GFDL-CM2.1
INM—-CM3.0
MIROC3.2-hires
MPI-ECHAMS
MRI-CGCM2.3.2
NCAR—-PCM1
UKMO—HadCM3
UKMO—-HadGEM1

Fig. 3. Linear trends of the East Asian monsoon index
(area-averaged H500 anomalies in the domain of 25°~40°N,
110°-155°E) from observations (NCEP) and 20 coupled
climate models for 1980-1989 (unit: gpm yr—').

land and west of Siberia, where the anomalies reach
—4 hPa or even more. From the perspective of the
EAWM, the SH and AO are both weakened in the
later period. Meanwhile, in the subtropical area, the
SLP rises by 1-3 hPa, showing three positive centers
in southern Europe, western China, and the North Pa-
cific, respectively. Thus, it is suggested that the AL is
also weakened. This result is consistent with that of a
previous study (Wang et al., 2009). At a large circula-
tion scale, the overall SLP distribution indicates that
the NAO and the North Pacific Oscillation (NPO) are
intensified as well. At the same time, the H500 dis-
plays an interdecadal variation distribution similar to
that of the SLP (Fig. 4c). All of the factors mentioned
above favor a weakening of the EAWM.

To evaluate the capacity of individual models to
simulate the interdecadal changes of SLP, the coeffi-
cients of spatial correlation between the observed and
simulated SLP anomalies for each individual model
are displayed in the second column of Table 3. It
is shown that 10 of the 20 models, i.e., BCCR-
BCM2.0, CGCM3.1(T63), CNRM-CM3, CSIRO-
MK3.0, CSIRO-MK3.5, GISS-ER, INM-CM3.0, MRI-
CGCM2.3.2, PCM1, and UKMO-HadGEM1, have sig-
nificant correlation, among which, CNRM-CM3, INM-
CM3.0, MRI-CGCM2.3.2, and PCM1 have relatively
high reproducibility, with spatial correlation coeffi-
cients reaching 0.606, 0.660, 0.682, and 0.684, respec-
tively. In addition, the above 10-model ensemble ex-
hibits an even better score (0.814). Figure 4b shows
the 10-model ensemble mean of the SLP anomalies.
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The simulated spatial distribution of the interdecadal
change is in accord with the reanalysis data overall,
with negative anomalies in the mid and high latitudes
and positive anomalies in the low latitudes. The re-
production of the ascending trend centers located in
southern Europe and the North Pacific are most en-
couraging. All of the above denotes that the ensemble
mean can reasonably reproduce the weakening trend
of the SH and AL as well as the intensifying trend of
the AO, NAO, and NPO, demonstrating the ability of
the models to simulate the interdecadal variations of
the EAWM. Unfortunately, the range of the simulation
values is still smaller than that of the observation.
The values in the third column of Table 3 indicate
that there is one more model, i.e., CGCM3.1 (T47),
that can reasonably capture the H500 interdecadal
anomalies of 1960-1985 and 1986-1998 in addition to
the above 10 mentioned models. Consequently, the
ensemble mean here will take into account these 11
models. In general, the 11-model ensemble mean ex-
hibits much better performance than any individual

Table 3. Coefficients of spatial correlation between
the observed and simulated interdecadal variations
(1986-1998 minus 1960-1985) of SLP and H500 in

the Northern Hemisphere

Model SLP H500
BCCR-BCM2.0 0.213 0.158
CCSM3 -0.571 -0.539
CGCMS3.1 (T47) —-0.003 0.056
CGCM3.1 (T63) 0.285 0.302
CNRM-CM3 0.606 0.550
CSIRO-MK3.0 0.425 0.321
CSIRO-MK3.5 0.445 0.201
GFDL-CM2.0 -0.390 —0.481
GFDL-CM2.1 —-0.369 -0.263
GISS-ER 0.532 0.498
INGV-ECHAM4 -0.379 —-0.343
INM-CM3.0 0.660 0.512
IPSL-CM4 —0.040 -0.066
MIROC3.2 (medres) -0.386 —-0.358
MIROCS3.2 (hires) —0.148 —-0.208
ECHAMS5/MPI-OM —0.446 -0.283
MRI-CGCM2.3.2 0.682 0.647
PCM1 0.684 0.385
UKMO-HadCM3 -0.121 -0.102
UKMO-HadGEM1 0.401 0.287
Ensemble mean™ 0.814 0.808

* Only takes into account the models exceeding the 5% signi-
ficance level. SLP: sea level pressure; H500: 500-hPa geopo-
tential height. The bold values are statistically significant at
the 5% level.
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Fig. 4. Interdecadal change (1986-1998 minus 1960-1985) in (a, b) SLP (hPa) and (c, d) H500 (gpm) from (a, c)
observations and (b, d) the ensemble mean of selected coupled models.

model, with a spatial correlation coefficient as high
as 0.808. 4d, the ensemble

mean shows three positive anomaly centers in south-

As is shown in Fig.

ern Europe, East Asia, and southern North America,
which also emerged in the observation (as illustrated
in Fig. 4c). It should be noted that the second pos-
itive center is located where the East Asian trough
generally appears, which again demonstrates that the
coupled models can reflect the interdecadal variations
of EAWM-related circulation. On the other hand, a
negative phase in the polar region is shown for the 11-

model ensemble mean, which agrees with the observa-

tion. However, the variational magnitude is underes-
timated. Furthermore, the ensemble mean anomalies
over 60°~70°N are almost opposite to the observations.
As aresult, the observed negative anomalies in Siberia,
Northwest Pacific, and North Atlantic are not well re-
produced by the 11-model ensemble mean. Addition-
ally, MRI-CGCM2.3.2 is the best model for describing
the interdecadal changes in H500, followed by CNRM-
CM3. Comparatively, the performances of CCSM3
and GFDL-CM2.0 are slightly worse than those of the

other models.



486 ACTA METEOROLOGICA SINICA

6. Discussion and conclusions

The boreal winter climatology of the East Asian
SLP, 850-hPa wind, and SAT, the decadal variations
of the EAWM and EAWM-related circulation, and the
interdecadal variations of EAWM-related circulation,
as simulated by 20 coupled atmosphere-ocean mod-
els, were systematically evaluated on the basis of the
NCEP reanalysis data. The primary conclusions are
as follows.

(1) The models can successfully reproduce the
geographical distribution of the East Asian SLP, 850-
hPa wind, and SAT. In general, the best performance
is exhibited for the SAT. In terms of intensity, the
850-hPa wind is generally overestimated and the SLP
and SAT are underestimated by the coupled models.
Comparatively, the current state-of-the-art coupled
models exhibit relatively better performance in sim-
ulating spatial variations over flat terrain than over
complex topography.

(2) Ten models reproduced the decadal varia-
tions of SLP reasonably well for the boreal winters of
1980-1989. The 10-model ensemble mean successfully
reproduced the weakening trends of the SH and AL
as well as the intensifying trend of the Arctic Oscil-
lation. In addition, 13 models reasonably simulated
the decadal variations of H500 for 1980-1989. The
weakening of the East Asian trough, the strengthen-
ing of the NAO, and the deepening of the Polar vortex
were all successfully reproduced by the 13-model en-
Furthermore, CSIRO-MK3.0 exhibited the
best performance in simulating the decadal variations
of the EAWM-related circulation. Unfortunately, the

variational magnitude is only weakly comparable to

semble.

the observation.

(3) The observed declining trend of the EAWM
intensity was successfully reproduced by most of the
models although the simulated amplitudes are far
underestimated from the observations. Only 4 mod-
els (CGCM3.1-T47, CNRM-CM3, GFDL-CM2.0, and
UKMO-HadGEM1) failed to simulate the observed
declining trend of the EAWM index.

(4) It was found that 10 of the 20 models cap-
tured the main spatial distribution of SLP differ-
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ences between 1960-1985 and 1986-1998, among
which CNRM-CM3, INM-CM3.0, MRI-CGCM2.3.2,
and PCM1 have relatively high reproducibility, with
spatial correlation coefficients reaching 0.606, 0.660,
0.682, and 0.684, respectively. The above 10-model
ensemble mean exhibited an even better score (0.814).
It is noted that the 10-model ensemble mean can rea-
sonably reproduce the weakening trends of the SH
and AL as well as the intensifying trend of the AO,
NAO, and NPO, showing its ability to simulate the
interdecadal variation of the EAWM. In addition to
the above 10 coupled models, there is one more model
(CGCM3.1 (T47)) that can reproduce the 500-hPa
geopotential height interdecadal anomalies reasonably
well for 1960-1985 and 1986-1998. Although the
11-model ensemble mean reasonably reproduced the
positive anomalies in the low latitudes as well as the
negative anomalies in the polar region, the simulated
anomalies for 60°-70°N are almost opposite to the
observations. Additionally, the amplitude was still
underestimated.

To objectively investigate the performance of each
individual coupled model in simulating the variations
of the EAWM, we did not choose the same mod-
els for the multi-model ensemble mean. However,
it is obvious that BCCR-BCM2.0, CGCM3.1-T63,
CNRM-CM3, CSIRO-MK3.0, GISS-ER, INM-CM3.0,
and MRI-CGCM2.3.2 exhibited better performance
in every aspect, even though there still exist uncer-
tainties to a certain degree. Thus, one should pay
more attention to these models when trying to use the
above models’ outputs to address or forecast varia-
tions of the East Asian winter monsoon. In addition,
the complex physical reasons behind the models’ per-
We think a

better dynamical framework or a higher resolution

formance were not examined in detail.

may contribute to an encouraging simulation. For
example, the dynamical framework is the only differ-
ence between GFDL-CM2.0 and GFDL-CM2.1, while
CGCM3.1 (T63) has a higher horizontal resolution
than CGCM3.1 (T47). The result is that GFDL-
CM2.1 and CGCM3.1 (T63) have better performance
than GFDL-CM2.0 and CGCM3.1 (T47), respectively.

However, further efforts should be devoted to deter-
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mining the mechanism governing the variations of the
EAWM.
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