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ABSTRACT

Performances of two LASG/IAP (State Key Laboratory of Numerical Modeling for Atmospheric Sci-
ences and Geophysical Fluid Dynamics/Institute of Atmospheric Physics) Atmospheric General Circulation
Models (AGCMs), namely GAMIL and SAMIL, in simulating the major characteristics of the East Asian
subtropical westerly jet (EASWJ) in the upper troposphere are examined in this paper. The mean vertical
and horizontal structures and the correspondence of the EASWJ location to the meridional temperature
gradient in the upper troposphere are well simulated by two models. However, both models underestimate
the EASWJ intensity in winter and summer, and are unable to simulate the bimodal distribution of the ma-
jor EASWJ centers in mid-summer, relative to the observation, especially for the SAMIL model. The biases
in the simulated EASWJ intensity are found to be associated with the biases of the meridional temperature
gradients in the troposphere, and furthermore with the surface sensible heat flux and condensation latent
heating. The models capture the major characteristics of the seasonal evolution of the diabatic heating rate
averaged between 30◦–45◦N, and its association with the westerly jet. However, the simulated maximum
diabatic heating rate in summer is located westward in comparison with the observed position, with a rela-
tively strong diabatic heating intensity, especially in GAMIL. The biases in simulating the diabatic heating
fields lead to the biases in simulating the temperature distribution in the upper troposphere, which may
further affect the EASWJ simulations. Therefore, it is necessary to improve the simulation of the meridional
temperature gradient as well as the diabatic heating field in the troposphere for the improvement of the
EASWJ simulation by GAMIL and SAMIL models.
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1. Introduction

The East Asian Subtropical Westerly Jet (EASWJ)
is a narrow and strong westerly wind belt with large
horizontal and vertical shears over the East Asian sub-
tropical region. Previous studies noticed that the sea-
sonal jump of the EASWJ is closely linked to the mon-
soon climate in East Asia (Yin, 1949; Yeh and Zhu,
1955; Yeh et al., 1958), and the meridional shift of the
westerly jet center is associated with the Asian mon-
soon onset and the interannual variability of the rain-
fall over East Asia (Lau et al., 1988; Ding, 1992; Liang

and Wang, 1998; Li et al., 2004; Zhou and Yu, 2005).
Observational studies demonstrate that the seasonal
transition of the East Asian general atmospheric circu-
lation pattern and the associated rain band are related
to the meridional movement as well as the zonal dis-
placement of the EASWJ (Yeh et al., 1958; Tao et al.,
1958; Li et al., 2004; Zhang et al., 2006). Yang et al.
(2002) indicated that the EASWJ seems to be linked to
the climate signals of Asia and the Pacific region more
strongly than ENSO. The decadal shift of the EASWJ
is closely related to the rain band shift over the East
Asian summer monsoon region. A recent study found
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a prominent cooling trend in the upper troposphere
around 300 hPa over East Asia during July and Au-
gust. Accompanying this summertime tropospheric
cooling, the EASWJ shifts southward and the East
Asian summer monsoon weakens, which results in the
tendency toward increased droughts in northern China
and flooding along the Yangtze River valley (Yu et al.,
2004). The performance of a climate model in simu-
lating the EASWJ is associated with its reproducibil-
ity of the East Asian monsoon, but less attention has
been paid to this issue. The close relationship between
the East Asian monsoon precipitation and the tropo-
spheric jet has provided a good test-bed for climate
models (Liang and Wang, 1998; Liu et al., 2001; Zhou
and Li, 2002; Zhang and Guo, 2005).

Climate system models have been powerful tools
in climate change and variability studies. Many kinds
and versions of climate models have been developed by
modeling groups throughout the world since the 1980s.
The State Key Laboratory of Numerical Modeling for
Atmospheric Sciences and Geophysical Fluid Dynam-
ics, Institute of Atmospheric Physics (LASG/IAP)
has contributed great efforts to develop comprehensive
coupled climate models. Recently a Grid-point Atmo-
spheric Model of IAP/LASG (GAMIL) and a Spec-
tral Atmospheric Model of IAP/LASG (SAMIL) have
been developed as the atmospheric component in the
climate system models (Wang et al., 2004; Wang et
al., 2005a,b). The performances of SAMIL, its early
version R15L9 and its coupled model in simulating the
climate mean states of atmosphere, land surface, sea
ice, and so on, have been evaluated (Liu et al., 1999a,b;
Wu et al., 2004a,b; Wang et al., 2005a,b; Zhou et
al., 2005a,b; Bao et al., 2006). This indicates that
the model is able to simulate the main features of cli-
mate mean state and seasonal variations, and that the
simulated response to El Niño events are also quite
reasonable. However, some large regional biases and
uncertainties still exist in the model, and the evalua-
tions on GAMIL are limited (Dai, 2006; Zhou and Yu,
2006). Therefore, more diagnoses and further physical
explanations of the model output are necessary for the
development of these two models.

The main motivation of this paper is to exam-
ine the performances of the LASG/IAP Atmospheric
Models GAMIL and SAMIL in simulating the detailed
structure and seasonal evolution of the East Asian sub-
tropical westerly jet. Special attention has been paid
to the physical interpretation of the biases. The other
part of the paper is organized as follows. Section 2
provides a brief description of the model and the data
used. Detailed structures and seasonal evolution of
the EASWJ and possible influencing factors on the
EASWJ simulation are presented in section 3. Con-

cluding remarks are given in section 4.

2. Model and data description

The models used in this paper are the grid-
point and spectral atmospheric models developed at
LASG/IAP, named GAMIL and SAMIL, respectively.
The GAMIL dynamical core designed by LASG/IAP
has an adjustable high resolution depending on the
available computer’s capability and is very stable with-
out any filtering and smoothing. Some important
integral properties are kept unchanged, such as the
anti-symmetries of the horizontal advection operators
and the vertical convection operator, the mass con-
servation, the effective energy conservation under the
standard stratification approximation, and so on (Yu,
1994; Wang et al., 2004). The physical packages of
the model are taken from the Community Atmospheric
Model Version 2 (CAM2) of the National Center for
Atmospheric Research (NCAR) (Kiehl et al., 1996).
GAMIL has a 2.8125◦ × 2.8125◦ horizontal resolu-
tion and 26 vertical layers. The SAMIL model used
in this paper is an improved version of the spectral
model (Wu et al., 1996), which was developed after its
third version truncated at R42 (approximately 2.8125◦

(lon)×1.66◦ (lat)) horizontal resolution with 26 verti-
cal levels (Wang et al., 2005a,b; Bao et al., 2006). A
detailed introduction of the model has been summa-
rized in the reference of Zhou et al. (2005a). For com-
parison with the NCEP/NCAR reanalysis, all model
outputs were interpolated to the horizontal resolution
of 2.5◦ × 2.5◦.

The sea surface temperature data provided by
Atmospheric Model Intercomparison Project (AMIP)
from January 1980 to December 1989 were used as
boundary conditions to integrate GAMIL and SAMIL
for 10 years, respectively. The other data used for
comparison with the model results in this paper are
monthly mean NCEP/NCAR reanalysis (Kalnay et
al., 1996) and the CMAP (Xie and Arkin, 1997)
dataset from 1980 to 1989, which represent the ob-
servations. The selected meteorological variables of
NCEP/NCAR reanalysis data include zonal wind, air
temperature, and surface sensible heat flux.

3. Results

3.1 The horizontal structure of the EASWJ

Figure 1 shows the simulated and observed zonal
wind at 200 hPa in winter (December, January and
February) and summer (June, July and August), re-
spectively. In winter, the axis of the observed EASWJ
is situated near 30◦N and the maximum zonal wind
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Fig. 1. The zonal wind distributions at 200 hPa in (a, c, e) winter and (b, d, f) summer, respectively.
(Units: m s−1) (a, b) Observation, (c, d) GAMIL, (e, f) SAMIL.

speed exceeds 75 m s−1 over the ocean to the southeast
of Japan. Compared with the observation, the model
simulated location of the westerly jet core and the ori-
entation of the jet axis are in good agreement with that
observed, but SAMIL reproduces a weaker westerly jet
intensity of 60 m s−1, whereas the simulated westerly
jet intensity in GAMIL is close to the observation. In
summer, the axis of the EASWJ reaches north of 40◦N,
and the major center of the EASWJ is located over the
northern side of the Tibetan Plateau with an intensity
of 30 m s−1 in the observation. For this season, both
models reproduce weaker westerly jet intensities and
more northward center locations, especially in SAMIL,
with the simulated jet center nearly 10 m s−1 weaker
than the observation, and the westerly jet obviously
shifted westward and northward.

3.2 The vertical structure of the EASWJ

Owing to the inhomogeneity of the land-sea and
orography distribution, particularly the impact of the

Tibetan Plateau on the atmospheric general circula-
tion. Obvious differences exist in the vertical struc-
ture of the westerly jet over the different topography
(Liang et al., 2006). In order to evaluate the model
performance in simulating the westerly jet stream over
different regions of East Asia, the latitude-height sec-
tions of zonal winds along 90◦E, 115◦E, and 140◦E
are presented. The underlying surface is the Ti-
betan Plateau, flat orography, and ocean, respectively.
Figure 2 shows the observed and simulated latitude-
altitude sections of the zonal winds along 90◦E, 115◦E
and 140◦E in winter. The locations (height and lati-
tude) of the winter westerly jet stream simulated by
GAMIL and SAMIL are in good agreement with the
observations. The maximum westerly wind occurs be-
tween 25◦–35◦N at 200 hPa. The westerly jet intensity
is strongest along 140◦E, and becomes weaker gradu-
ally westward. Around the Tibetan Plateau the west-
erly jet core is located on the southern side of the
Plateau in winter, and the bifurcation of the jet stream
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Fig. 2. The latitude-altitude sections of zonal wind along (a, d, g) 90◦E, (b, e, h) 115◦E and (c, f, i) 140◦E in
winter, respectively. (Units: m s−1) (a, b, c) Observation, (d, e, f) GAMIL, (g, h, i) SAMIL.

along the two sides of the Plateau at 90◦E is well re-
produced in GAMIL and SAMIL. But the model simu-
lated southern branches are weaker, and the northern
branches are reproduced further south of 40◦N. Both
models reproduce weaker zonal wind along three longi-
tudes, with westerly jet centers nearly 20 m s−1 weaker
in SAMIL and about 5 m s−1 weaker in GAMIL than
that in the observation along 140◦E and 115◦E, re-
spectively.

Analyses of the simulated and observed zonal
winds along 90◦E, 115◦E, and 140◦E in summer, as
shown in Fig. 3, indicate that there exist clear defi-
ciencies in the westerly jet simulations. In summer, the
most significant feature of the zonal wind is that the
westerly intensity is obviously reduced and the west-
erly jet axis migrates northward to 40◦N, while the
westerly jet center is located over the northern side of
the Tibetan Plateau. Opposite to the case in winter,
the wind speed along 90◦E is the strongest in the three
sections with intensity of 30 m s−1 at 200 hPa. Com-
pared with the observations, the model simulations

differ obviously from the observation data along these
three longitudes, showing 5–10 m s−1 weaker westerly
jet intensities in the two models. In addition, the sim-
ulated locations of the EASWJ shift more northward,
especially in SAMIL along 140◦E and 115◦E.

3.3 The seasonal evolution of the EASWJ

In this section, we will present the model perfor-
mances in reproducing the seasonal evolution of the
EASWJ. Figure 4 displays the observed and simulated
latitude-time sections of the zonal winds along 90◦E,
115◦E and 140◦E. Along 90◦E, the westerly jet cen-
ter in the observation occurs steadily at 28◦N from
January to April, and jumps to near 32◦N from April
to May, then migrates northward to 40◦N before re-
treating southward in August. GAMIL captures the
major features of the westerly jet’s seasonal evolution
along 90◦E, but the simulated westerly jet center shifts
northward and reaches its northernmost location in
September. The SAMIL simulated westerly jet center
jumps to 40◦N from March to April and moves to the
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Fig. 3. The latitude-altitude sections of zonal wind along (a, d, g) 90◦E, (b, e, h) 115◦E and (c, f, i) 140◦E in
summer, respectively. (Units: m s−1) (a, b, c) Observation, (d, e, f) GAMIL, (g, h, i) SAMIL.

northernmost location near 53◦N in July, which is
about 10◦ latitude north of the observation. Along
115◦E, the obvious northward jump of the westerly jet
center occurs from April to May in the observation,
and then the jet migrates northward to 42◦N before
it’s southward retreat in August. The northward jump
simulated by GAMIL occurs from March to April, and
the simulated westerly jet center moves to the north-
ernmost location in July. For the section along 115◦E,
the westerly jet center jumps to near 37◦N from March
to April in SAMIL, and moves northward to 58◦N un-
til August, which is about 15◦ latitude north of that
in the observation. Compared with the situations over
land, the northward jump along 140◦E is not abrupt,
where the westerly jet center gradually migrates north-
ward to the northernmost location of 47◦N in August,
after that it retreats to the winter location. There
are two obvious northward jumps from March to April
and from June to July in the simulation of GAMIL,
and the simulated westerly jet moves to the northern-
most location of 52◦N in July. There also exist clear

discrepancies in the SAMIL simulation, in which the
simulated westerly jet is located more northward and
jumps to near 56◦N from June to July.

The EASWJ seasonal evolution is also reflected by
the east-west displacement of the westerly jet center
over East Asia. Figure 5 depicts the observed and sim-
ulated seasonal evolutions of the EASWJ core in the
east-west direction. In the observation, the EASWJ
core is located near 140◦E before June and at 90◦E
in July, indicating a rapid westward displacement of
the EASWJ core. The core moves to the westernmost
location in August, and a rapid eastward retreat oc-
curs from August to September. After that the core
retreats around 140◦E. Compared with the observa-
tion, the simulated longitude location in GAMIL is
consistent with the observed result before April, but
GAMIL reproduces an early westward movement of
the EASWJ core, in which the EASWJ core migrates
westward from April, three months earlier than the
observed result. In SAMIL, the location shift of the
EASWJ core is close to the observation, although
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Fig. 4. The latitude-time sections of zonal wind at 200 hPa along (a, b, c) 90◦E, (d, e, f) 115◦E and (g, h,
i) 140◦E, respectively. (Units: m s−1) The bold solid line represents the westerly jet axis. The shading is the
meridional temperature gradient averaged from 500 hPa to 200 hPa along 90◦E, 115◦E and 140◦E, respectively.
[Units: ◦C(5◦ lat)−1] (a, d, g) Observation, (b, e, h) GAMIL, (c, f, i) SAMIL.

SAMIL does simulate weaker eastward retreat of the
EASWJ core in September.

3.4 The bimodal distribution of the EASWJ
in mid-summer

Figure 6 illustrates the observed and simulated
mid-summer occurrence numbers of the westerly jet
core from 1980 to 1989. The occurrence number of
the westerly jet core is the percentage of the max-
imum wind speed at each longitude over the region
of 20◦–70◦N and 20◦–120◦E. In the observation, the
large occurrence number of the EASWJ core occurs
between 40◦–60◦E and 80◦–110◦E in July and August,
which is referred to the bimodal distribution of the ma-
jor EASWJ center in mid-summer. This phenomenon
can be found not only in the pentad mean observation

data but also in the monthly mean observation data
(Zhang et al., 2002). In Figs. 6b and 6c, the occur-
rence numbers of the EASWJ center in GAMIL and
SAMIL occur to the east of 80◦E; nearly 80% of the
EASWJ cores centralized there. Neither GAMIL nor
SAMIL produces an acceptable bimodal distribution
of the EASWJ.

3.5 The possible mechanism

Based on the principle of the thermal wind, the
change in zonal wind with height is largely determined
by the meridional temperature gradient. Previous re-
search shows that strong zonal winds normally appear
over the frontal area of the troposphere, and that the
intensity of the zonal wind is directly proportional to
the intensity of the meridional gradient of air tempera-
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the East Asian westerly jet core, in which the solid dot
is the observed, the open circle is GAMIL, and the cross
is SAMIL.                            
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Fig. 6. The occurrence numbers of the westerly center in
mid-summer (July and August) from 1980 to 1989. (a)
Observation, (b) GAMIL, (c) SAMIL.

ture. The diabatic heating also accounts for the
temperature change in the lower-upper troposphere
(Kuang and Zhang, 2005). We will analyze the re-

lationship between the seasonal change of the westerly
jet core and the meridional temperature gradient in
the upper troposphere and the diabatic heating effects
on the westerly jet simulation.

The shadings in Fig. 4 are the observed and sim-
ulated temporal-latitude variations of the meridional
temperature differences averaged from 500 hPa to 200
hPa. The meridional temperature difference which
represents the meridional temperature gradient, is cal-
culated by using the air temperature in the south mi-
nus that in the north with a 5◦ latitude interval; posi-
tive means relatively warmer in the south and colder in
the north. It is shown that the core of the meridional
temperature gradients match well with the westerly
jet stream, indicating that the seasonal evolution of
the westerly jet follows that of the larger meridional
temperature gradient in the upper troposphere. As a
result, the change of the meridional temperature gra-
dient determines the EASWJ position shift. In the
observation, strong meridional temperature gradient
occurs in winter, while both models reproduce weaker
meridional temperature gradients, leading to a weaker
westerly jet in winter. In Fig. 4b and Fig. 4c, the sim-
ulated meridional temperature gradients in GAMIL in
June and SAMIL in September are larger than that in
observation, respectively, leading to a stronger west-
erly jet. In addition, the simulated maximum merid-
ional temperature gradient occurs most frequently to
the east of 80◦E in July and August, which accounts
for the simulated jet centers being centralized to the
east in mid-summer.

The difference in the 500–200 hPa average temper-
ature between the simulations and the observation are
presented in Fig. 7. Generally speaking, the simulated
winter upper troposphere temperatures in GAMIL and
SAMIL are in good agreement with the observation,
except that a positive bias appears over the northern
parts of the Japan islands in SAMIL. The meridional
temperature gradient to the north (south) of the pos-
itive temperature difference center will be intensified
(weakened). Accordingly, the westerly jet will be in-
tensified (weakened) to the north (south) of positive
temperature difference center. In winter, the SAMIL
simulated EASWJ core is over the southern part of
this positive temperature difference center. Therefore,
the weaker westerly jet in SAMIL may result from the
simulated warmer upper troposphere over the northern
parts of the Japan islands. In summer, there is also
a positive bias over northeastern China in GAMIL,
and a positive difference center appears near Baikal in
SAMIL, which leads to the biases in the westerly jet
simulations.

The diabatic heating has a strong impact on the
summer atmospheric temperature change over the
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(a) (b) 
(c) (d) 

Fig. 7. The differences of the averaged temperature from 500 hPa to 200 hPa between the model simulated
and observed in (a, b) winter and (c, d) summer, respectively. (Units: ◦C) (a, c) GAMIL and Observation,
(b, d) SAMIL and Observation.

                                    

(a) (b) (c) (d) 
Fig. 8. The differences between the model simulated and observed (a, b) surface sensible heat flux and (c,
d) condensation latent heating in summer, respectively. (Units: W m−2) (a, c) GAMIL and observation,
(b, d) SAMIL and observation.
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Fig. 9. The longitude-temporal variation of diabatic
heating rate averaged between 30◦N and 45◦N. The dot
line represents the westerly jet core locations. (Units: ◦C
d−1) (a) Observation, (b) GAMIL, (c) SAMIL.

Asian continent area from 80◦E to 120◦E (Wu and
Liu, 2003; Liu et al., 2004; Zhang et al., 2006). Fig-
ures 8a and 8b show the differences between the sim-
ulated and observed surface sensible heat flux in sum-
mer, and Figs. 8c and 8d are the differences between
the simulated and observed condensation latent heat-
ing, which is calculated in terms of the precipitation
amount (Yanai et al., 1973). As shown in Fig. 8c,
the condensation latent heating in GAMIL is stronger
than that in the observation, which matches well with
the positive temperature difference center in the upper
troposphere (in Fig. 7c) along the Yellow River valley.
In Fig. 8b, the surface sensible heat flux in SAMIL
is much stronger over the northern parts of the East
Asian continent, where the temperature is simulated
higher. However, the temperature difference center ex-
tends southward from lower-levels to upper-levels. The
high surface sensible heat flux area (in Fig. 8b) is to

the north of the positive bias of the upper-level tem-
perature (in Fig. 7d). The heating field influences the
temperature structure, and results in the changes of
the meridional temperature gradient and the pressure
field, thus leading to the adjustment of the wind field
and the variation of the EASWJ (Kuang and Zhang,
2005).

Figure 9 shows the time-longitude variation of the
diabatic heating rate averaged between 30◦N and 45◦N
from surface to 200 hPa. The diabatic heating rate is
computed from the thermodynamics equation, which
includes turbulent heating, condensation heating and
radiative heating rates. In the observation, the strong
heating rate is located to the east of 130◦E before May,
and the westerly jet core occurs over this area coin-
cidently. With the enhancement of the heating rate
from 80◦E to 100◦E, the jet core approaches this area.
Meanwhile, the heating rate to the east of 120◦E weak-
ens. Thus the diabatic heating rate is responsible for
the intensity change and location shift of the westerly
jet in the upper troposphere. The models capture the
major seasonal evolution features of the diabatic heat-
ing rate, but have apparent discrepancies in the sim-
ulated results. A much stronger heating rate center
exists between 100◦E and 120◦E from September to
the following June in GAMIL, which corresponds to
the westerly jet center located westward from April
to September. In SAMIL, the heating rate is also
stronger to the west of 130◦E. These discrepancies may
affect the model simulation on the seasonal evolution
of the westerly jet.

4. Concluding remarks

In this paper, the performances of the LASG/IAP
AGCMs in simulating the EASWJ have been evalu-
ated. The key points are summarized below:

(1) GAMIL and SAMIL can reasonably simulate
the winter westerly jet, but the simulated summer
westerly jet is located further to the north and the
simulated intensity weakens obviously, especially in
SAMIL.

(2) In SAMIL, the simulated westerly jet extends
more northward, and the times when the westerly jet
jumps northward and when the westerly jet reaches its
northernmost location do not match the observations
along 90◦E, 115◦E and 140◦E.

(3) For the east-westward migration of the west-
erly jet core, the two models reproduce early westward
movement of the EASWJ cores, especially GAMIL, in
which the EASWJ core migrates westward from April,
three months earlier, whereas SAMIL simulates later
EASWJ core eastward retreat in September.

(4) The GAMIL and SAMIL simulated jet cen-
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ters centralize near 80◦E in mid-summer, thus the
phenomenon of the bimodal distribution of the major
EASWJ center can not be reproduced in the models.

The simulated meridional temperature gradient is
weaker than that in the observation, particularly in
SAMIL. This may be the reason for the weaker simu-
lated westerly jet. In addition, the maximum merid-
ional temperature gradients in GAMIL and SAMIL
always occur to the east of 80◦E in July and August,
which result in the simulated jet centers centralized
east in mid-summer. The condensation latent heating
over northeastern China is stronger in GAMIL, and
the surface sensible heat flux is much stronger over the
northern part of the East Asian continent in SAMIL,
which are responsible for the temperature simulation,
and further influence the westerly jet simulation over
this area. Apparent discrepancies exist in the simu-
lated time-longitude variation of the diabatic heating
rate, which may affect the intensity change and loca-
tion shift of the westerly jet.

The LASG/IAP Atmospheric Models (GAMIL and
SAMIL) possess the ability to simulate the major fea-
tures of the EASWJ. The discrepancies are probably
related to the inappropriate calculation of the surface
sensible heat flux or other diabatic heating such as
the atmospheric radiation and convective condensa-
tion heat release in the models. Moreover, the perfor-
mances of the other atmospheric models in simulating
the East Asian westerly jet need to be evaluated in the
following work. The current analysis has provided a
good test-bed or observational metric for the valida-
tion of AGCMs over East Asia.
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