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ABSTRACT

We evaluate the performance of GAMIL1.1.1 in a 27-year forced simulation of the summer intraseasonal
oscillation (ISO) over East Asia (EA)-western North Pacific (WNP). The assessment is based on two mea-
sures: climatological ISO (CISO) and transient ISO (TISO). CISO is the ISO component that is phase-locked
to the annual cycle and describes seasonal march. TISO is the ISO component that varies year by year.

The model reasonably captures many observed features of the ISO, including the stepwise northward
advance of the rain belt of CISO, the dominant periodicities of TISO in both the South China Sea-Philippine
Sea (SCS-PS) and the Yangtze River Basin (YRB), the northward propagation of 30–50-day TISO and the
westward propagation of the 12–25-day TISO mode over the SCS-PS, and the zonal propagating features
of three major TISO modes over the YRB. However, the model has notable deficiencies. These include the
early onset of the South China Sea monsoon associated with CISO, too fast northward propagation of CISO
from 20◦N to 40◦N and the absence of the CISO signal south of 10◦N, the deficient eastward propagation
of the 30–50-day TISO mode and the absence of a southward propagation in the YRB TISO modes.

The authors found that the deficiencies in the ISO simulation are closely related to the model’s biases in
the mean states, suggesting that the improvement of the model mean state is crucial for realistic simulation
of the intraseasonal variation.
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1. Introduction

The prediction of intraseasonal oscillation (ISO)
can fill the gap between weather forecast and cli-
mate prediction, and is an indispensable portion of
the seamless forecast. Evaluation of the model’s ISO
is a necessary step towards the improvement of in-
traseasonal prediction. A majority of the evaluation
of ISO has been focused on Madden Julian Oscilla-

tion (MJO, Madden and Julian, 1971) (e.g., Slingo and
Madden, 1991; Slingo et al., 1996; Sperber, 2004; Lin
et al., 2006). Prominent shortcomings highlighted in
the above MJO modeling studies include higher phase
speeds, shorter periods and smaller amplitudes. The
uncertainties in the interactive physical parameteriza-
tions and the deficiencies to capture multi-scale in-
teraction are considered to be major hurdles for the
realistic simulation of the MJO (e.g., Chao and Deng,
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1998; Lee et al., 2003; Liu et al., 2005; Wang, 2005).
Compared with the MJO simulation, the boreal

summer ISO simulation in the Asian monsoon re-
gion is a more challenging task. This is primarily
due to its multi-periodicity (e.g., Krishnamurti and
Bhalme, 1976; Chen and Murakami, 1988; Annamalai
and Slingo, 2001), more complex mean flow that the
ISO interacts with (e.g., Teng and Wang, 2003; Yang
et al., 2008), as well as the greater heterogeneity of
the underlying surface conditions and topography that
the ISO is influenced by (e.g., Liu et al., 2007). The
performances of the Asian monsoon boreal summer
ISO in numerical settings not only share some simi-
lar shortcomings with the MJO simulations but also
have their unique problems. For instance, the study
by Waliser et al. (2003) examined ten atmospheric
general circulation model (AGCM) simulations to as-
sess their representations of low frequency ISO vari-
ability associated with the Asian summer monsoon.
Their results show that the ISO patterns in seven of
the ten AGCMs lack sufficient eastward propagation,
have smaller zonal and meridional spatial scales than
the observed patterns, and often have a southwest-
northeast tilt of the rain belt rather than the observed
northwest-southeast tilt over the Indian Ocean.

Most previous studies of boreal summer ISO mod-
eling are focused on the lower frequency band (namely
the MJO time scale) and their concerned regions
are over the western tropical North Pacific (WNP)
and the Indian monsoon region. Based on observa-
tions, ISOs with various periodicities potentially affect
the East Asia (EA)-WNP summer monsoon variation
(e.g., Chen and Chen, 1995; Zhang et al., 2002; Chan
et al., 2002; Yang and Li, 2003). Thereby, it is nec-
essary to provide a comprehensive evaluation of the
ISO simulation over the EA-WNP summer monsoon
region. In particular, the subtropical EA monsoon
ISO has unique characteristics of midlatitude variation
(e.g., Zhang et al., 2003; Mao and Wu, 2006; Yang et
al., 2008). However, in previous model evaluations,
the higher frequency ISOs (e.g., the quasi-biweekly)
and the ISO over the subtropical EA region have been
less concerned.

Climatological ISO (CISO) and transient ISO
(TISO), as two objective measures, are applied to val-
idate the simulation of the EA-WNP summer ISO
(Yang et al., 2008). The CISO represents the phase-
locked component of ISO (Wang and Xu, 1997). Com-
pared to the slow annual cycle, it is a part of the
“fast” annual cycle (LinHo and Wang, 2002), which
describes seasonal march (e.g., Ding, 1992; Nakazawa,
1992; Tanaka, 1992; Ueda et al., 1995) and the multi-
stage onset of the Asian summer monsoon (Lau et al.,
1988; Wu and Wang, 2001; Wang and LinHo, 2002).

The TISO is defined as the remaining part after re-
moving CISO from the total ISO, which represents
the year-to-year varying portion of ISO. These two
portions of ISO have been found to have different fea-
tures and different contributions to the total ISO. For
instance, during the summer of 1998 that includes two
intraseasonal rainfall events, the first flooding event is
mainly associated with CISO and the second is con-
tributed by TISO (Yang et al., 2008). Therefore, this
approach, which distinguishes CISO and TISO, is ad-
vantageous and necessary in evaluating the summer
ISO over the EA-WNP sector.

This paper will be organized as follows. Firstly,
the observational data, model and methodology are
described in section 2. In section 3, we focus on the
evaluations of the basic performances of the simulated
CISO and TISO in an atmospheric general circulation
model with a comparison to the observations. In sec-
tion 4, we attempt to find possible factors responsible
for model discrepancies in simulating the ISO over the
EA-WNP. Finally the conclusion and discussion are
given in section 5.

2. Observational data, model and methodol-
ogy

2.1 Observational data

The datasets applied to document the observed
ISO in convective activity and precipitation are re-
trieved from the following three sources: (1) National
Oceanic and Atmospheric Administration (NOAA) in-
terpolated daily outgoing longwave radiation (OLR)
(Liebmann and Smith, 1996) from 1979 to 2005, which
is basically regarded as a reasonable substitute of rain-
fall and high clouds, especially in the tropical regions;
(2) the monthly precipitation data from 1979 to 2005,
which are retrieved from the Global Precipitation Cli-
matology Project (GPCP) (Huffmann et al., 1997);
and (3) a newly-released high-quality East Asian daily
precipitation data on land (EA-Pre/L hereafter) from
NOAA/Climate prediction Center (CPC) (Xie et al.,
2007), which has been constructed based on 2200
stations’ observations over East Asia (5◦–60◦N, 65◦–
155◦E) from 1979 to 2005.

To obtain the climatological mean states of circu-
lation, we use the datasets from the National Center
for Environmental Prediction-Department of Energy
(NCEP-DOE) Reanalysis 2 (NCEP2) between 1979
and 2005 (Kanamitsu et al., 2002).

2.2 Model description

GAMIL 1.1.1 is the latest version of a grid-point at-
mospheric general circulation model (GAMIL), which
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is developed at the State Key Laboratory for Numeri-
cal Modeling of Atmospheric Science and Geophysical
Fluid Dynamics (LASG) in Institute of Atmospheric
Physics (IAP) of Chinese Academy of Sciences (Wang
et al., 2004). Its dynamical core is based on a finite dif-
ference scheme that satisfies the conservation law of to-
tal mass and the effective energy for solving the prim-
itive hydrostatic equations of baroclinic atmosphere.
Except for two optional mass flux convection schemes:
the Tiedtke scheme (Tiedtke, 1989; Nordeng, 1994; Liu
et al., 2005) and the Zhang-McFarlan scheme (Zhang
and McFarlane, 1995), its physical packages are com-
pletely the same as those in the National Center for At-
mospheric Research (NACR) community atmospheric
Model Version 2 (CAM2) (Collines et al., 2003). The
cumulus parameterization scheme used for the current
study is the Tiedtke scheme. This new version that we
evaluate in the study additionally includes the modi-
fications made to both the Tiedtke convective scheme
(Li, 2007) and the parameterization of cloud proper-
ties (Li, 2007). The spatial resolutions are 2.8◦ × 2.8◦

in the horizontal and 26 levels in the vertical.
We made a 31-year AMIP (Atmospheric Model In-

tercomparison Project) (Phillips, 1996) run from 1975
to 2005, constrained by realistic sea surface tempera-
ture and sea ice. In order to remove the effect of the
spin-up process as well as match the historical record
in observations, we used the latter 27-year daily out-
put from 1979 to 2005 for the assessment of ISO.

2.3 Statistic methodology

In order to extract the CISO component, we began
by removing the first three Fourier harmonics (slow an-
nual cycle portion) from the climatological daily mean
time series and made a 5-day running mean to remove
the synoptic signals. Then, both the slow annual cy-
cle and the CISO components were subtracted from
the raw daily time series of a particular year. Finally,
time-filtering, based on the Fourier harmonic analysis,
was applied to obtain the time series of the TISO.

Since the filtered data involve high autocorrelations
between consecutive daily values, the degree of free-
dom is much less than the original sample size. Using
Chen’s (1982) method, the effective degree of freedom
was calculated for each variable at each grid. Based on
the effective degree of freedom, a t-test was applied for
the significance test of a point-based lead-lag correla-
tion analysis. The t-test was also used to examine the
significance level of CISO based on the null hypoth-
esis that the observed sample mean (the amplitude
of CISO) at a fixed date was drawn from a popula-
tion characterized by a zero mean, namely that the
amplitude of CISO at a fixed date is not significantly
different from zero (Wang and Xu, 1997).

The Fast Fourier Transform method (FFT) with
a tapered window, which is one of the most common
methods of spectral analysis, is applied to select the
dominant periodicities of TISO in a particular year.
In order to measure the significance of a multi-year
mean spectrum, the corresponding red noise spectrum
is obtained by averaging multi-year theoretical Markov
“red noise” spectrums of background. The 95% confi-
dence bound is calculated against this mean red noise
spectrum.

3. EA-WNP boreal summer ISO in GAMIL
1.1.1

3.1 Simulation of CISO in GAMIL 1.1.1

The northward advance of the EA rain belt has
been widely recognized (e.g., Yeh et al., 1958; Zhu and
Song, 1979; Tao and Chen, 1987; Ding, 2004). This
seasonal march is best depicted by the CISO (Yang et
al., 2008; Liu et al., 2008). Therefore, the validation of
CISO focuses on its meridional propagation over the
EA-WNP longitudes.

(a) OBS

(b) Model

Meriodional propagations of CISO between 110-125E

Fig. 1. Meridional propagations of CISO along the lon-
gitudes between 110◦E and 125◦E: detected from (a) ob-
served daily OLR and (b) GAMIL 1.1.1 daily precipita-
tion. Yellow shading represents a dry anomaly and green
shading represents a wet anomaly (the same hereafter).
The shaded portion of CISO is statistically significant
above the 95% confidence level. Units: W m−2 for OLR
and mm d−1 for precipitation.
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Fig. 2. Mean power spectrums of TISO calculated for 27 summers during 1979–2005,
over the SCS-PS (the left column) and the YRB (the right column). Panels (a) and
(b) are calculated from observations; Panels (c) and (d) are from simulations. The
thin dashed line denotes the Markov red noise spectrum and the thick dashed line
indicates the 95% confidence bound. x abscissa has been rescaled into the natural
logarithm of the frequency.

Figure 1 exhibits the meridional march of CISO
between 110◦E and 125◦E during the boreal summer
in observation and simulation. Compared with the
observed, GAMIL1.1.1 can successfully reproduce the
following features: (1) the stepwise northward prop-
agation of the rainfall from 15◦N to 40◦N; (2) two
northward propagating dry spells respectively occur-
ring prior to and after the rainfall season; (3) and the
CISO signal becomes much weaker after mid-August.

The most noteworthy discrepancy between the ob-
servation and simulation are manifested in the timing
of the wet/dry CISO phase occurrences. Two major
problems are (a) the onset of the first wet phase over
SCS latitudes, which signals the climatological onset
of the SCS summer monsoon, is around 6–7 days ear-
lier than observation, and (b) the northward migration
of the rain belt as depicted by the first wet phase, is
too fast with a speed of 0.58 latitude degrees per day

while the observed speed is 0.42 latitude degrees per
day. Accordingly, the dry phase of CISO, which oc-
curs after the wet phase ends, also comes early in the
simulation. In addition, the CISO signals in the model
are rather weak over the tropical regions to the south
of 10◦N.

3.2 Simulation of TISO in GAMIL 1.1.1

In this section, the basic performances of the simu-
lated TISO are evaluated from two typical aspects, the
dominant periodicities and associated propagations,
respectively over the South China Sea-Philippine Sea
(SCS-PS: 10◦–20◦N, 110◦–130◦E) and the Yangtze
River Basin (YRB: 26◦–34◦N, 110◦–123◦E). Extensive
sensitivity experiments have been done with different
domains of the tropical WNP and the subtropical EA,
and it was found that the dominant periodicities and
characteristics of TISOs over the above two domains
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can capture the major features of TISO, respectively,
in the tropics and the subtropics over the EA-WNP
region.

3.2.1 Simulation of dominant periodicities
In observation, the dominant periodicities of TISO

over the two regions (SCS-PS and YRB) are identi-
fied through multi-year mean spectrums of 27 sum-
mers (May to October) during 1979–2005, as shown in
Figs. 2a and 2b. Considering the reliability of obser-
vational datasets, OLR is used over the SCS-PS and
the EA-Pre/L data is applied over the YRB region.
As a result, 30–50-day, 12–25-day and 8–11-day are
three major TISO frequency bands over the SCS-PS
region (Fig. 2a); and quasi-30-day (23–36-day), quasi-
16-day (13–20-day) and quasi-10-day (9–12-day) are
three dominant TISO modes of summer precipitation
over the YRB region (Fig. 2b).

Compared with observation, the two major TISO

modes over the SCS-PS region, namely 12–25-day and
30–50-day, can be captured in the spectral analysis
from the model (Fig. 2c). The variance of the sim-
ulated lower frequency (30–50-day) peak, however, is
relatively underestimated compared to the 12–25-day
mode. The 8–11-day peak in the SCS-PS summer pre-
cipitation almost disappears in the simulation. Over
the YRB, the three dominant TISO modes during
the boreal summer can be well distinguishable in the
model (Fig. 2d).

In observation, the 12–25-day and 30–50-day TISO
modes account for 33% and 34%, respectively, to the
total ISO over the SCS-PS, whereas the contribution
from the 8–11-day is only 8%. On the other hand,
the quasi-30-day, quasi-16-day, and quasi-10-day con-
tributes 22%, 21%, and 12%, respectively, to the total
ISO in the YRB summer precipitation. Therefore, our
following evaluations on the propagating features are
primarily made for the two major TISO modes over

(a)  OBS

(b) GAMIL1.1.1

12-25-day27-50-day

12-25-day27-50-day

D
ay

D
ay

D
ay

D
ay

Fig. 3. Zonal propagations of 30–50 day (the left column) and 12–25-day (the right
column) TISO modes averaged along the latitudes between 10◦N and 20◦N, respec-
tively, based on (a) observed OLR (upper panels) and (b) model precipitation (lower
panels), calculated by point-based lead-lag correlation analysis with reference to the
SCS-PS region. Gridded are the regions above the 0.05 significance test.
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(a)  OBS

(b) GAMIL1.1.1

12-25-day27-50-day

12-25-day27-50-day

Day Day

DayDay

Fig. 4. Meridional propagations of 30–50-day (the left column) and 12–25-day
(the right column) TISO modes averaged along the longitudes between 110◦E
and 120◦E, respectively, based on (a) observed OLR (upper panels) and (b)
model precipitation (lower panels), calculated by point-based lead-lag corre-
lation analysis with reference to the SCS-PS region. Gridded are the regions
above the 0.05 significance test.

the SCS (12–25-day and 30–50-day) and three TISO
modes over the YRB (quasi-30-day, quasi-16-day, and
quasi-10-day). These TISO modes are considered to
be the most important for the EA-WNP summer mon-
soon intraseasonal prediction.

3.2.2 Simulation of propagation of major TISO
modes

We evaluate the propagations of the major TISO
modes through a series of Hovmoller diagrams (Figs.
3, 4, 5, and 6) of precipitation or convection. These
Hovmoller diagrams are obtained through the point-
based lead-lag correlation analysis with reference to
the convection over the SCS-PS and precipitation over
the YRB for each TISO component respectively. For
the TISO modes over the SCS-PS region, their zonal
propagations are along the latitudes between 10◦–
20◦N (Fig. 3) and their meridional propagations are

shown along the longitudes between 110◦E and 120◦E
(Fig. 4). Over the YRB, the zonal and meridional
propagations of the associated TISO modes are shown
between 26◦N and 34◦N (Fig. 5) and between 110◦E
and 123◦E (Fig. 6), respectively.

In observation, the 30–50-day mode is primarily
characterized by an eastward propagation over the In-
dian Ocean longitudes (Fig. 3a) and northward prop-
agation over the SCS longitudes (Fig. 4a), while the
12–25-day mode mainly exhibits a westward propaga-
tion from the western Pacific (around 160◦E) along
the SCS latitudes (Fig. 3a). The propagations of the
two major TISO modes over the SCS-PS depicted here
are consistent with many previous studies (Chen and
Murakami, 1988; Wang and Rui, 1990; Lawrence and
Webster, 2002; Hsu et al., 2004). In the model (Fig.
3b and Fig. 4b), we notice that the northward propa-
gation of the 30–50-day and the westward propagation
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(a) OBS (b) GAMIL1.1.1
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Fig. 5. Zonal propagations of three TISO modes averaged along the latitudes
between 26◦N and 34◦N, respectively, based on (a) observed precipitation (left
column) and (b) model precipitation (right column), calculated by point-based
lead-lag correlation analysis with reference to the YRB region. Gridded are
the regions above the 0.05 significance test.

of the 12–25-day are well simulated over the SCS-
PS region. However, the model fails to simulate the
eastward propagation of the 30–50-day to the west of
100◦E. Moreover, the model produces an excessively
northward propagation north of 20◦N in the two TISO
modes over the SCS-PS region.

In the subtropics (or the YRB), both quasi-10-
day and quasi-16-day modes are characterized with a
southeastward propagation over the YRB in observa-
tion, whereas the quasi-30-day mode appears quasi-
stationary (Fig. 5a and Fig. 6a). Compared with the
observed, the zonal propagations of the three modes
are well simulated (Fig. 5b), however, the model
fails to reproduce the realistic meridional propaga-

tions. In particular, both the simulated quasi-10-day
and quasi-16-day modes exhibit a northward propaga-
tion rather than a southward propagation in the ob-
servations (Fig. 6b).

4. What contributes to the deficiencies in the
ISO simulation?

4.1 Possible explanations of the deficiencies
in the simulated CISO

One of the noticeable deficiencies in the CISO sim-
ulation is the earlier onset of the SCS summer mon-
soon, i.e., the first significant wet phase of CISO during
the boreal summer. Since SST is realistic in the AMIP
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quasi-10d

quasi-16d

quasi-30d

(a) OBS (b) GAMIL1.1.1

(Day) (Day)

(Day) (Day)

(Day) (Day)

Fig. 6. Meridional propagations of three TISO modes averaged along the lon-
gitudes between 110◦E and 123◦E, respectively, based on (a) observed precip-
itation (left column) and (b) model precipitation (right column), calculated
by point-based lead-lag correlation analysis with reference to the YRB region.
Gridded are the regions above the 0.05 significance test.

simulation, there is no deficiency in the SST seasonal
migration. Many previous studies have found that the
land-sea thermal contrast during the pre-monsoon sea-
son is very important for the SCS summer monsoon
onset (He et al., 1987; Yanai et al., 1992; Ose, 1998).
Thereby, the deficiency in the simulated land-sea ther-
mal contrast is assumed to be one of the possible rea-
sons for the early onset. Figure 7a shows that the sim-
ulation yields warmer than observed surface temper-
atures over the Eurasian continent during April–May,
especially over India, the Indonesia Peninsular, and
the Tibet Plateau, which may result in an increased
land-sea thermal contrast over the Asian monsoon re-
gion. The enhanced land-sea thermal contrast may
induce excessive lower level westerly wind along the
southern flank of the Asian continent (Fig. 7b) and

thereby trigger the early onset of the SCS summer
monsoon rainfall.

Another weakness in the model simulation is the
fast northward march of rainfall (the first wet phase of
CISO) during the early boreal summer. Wu and Wang
(2001) have proposed that the northward multi-stage
march of the summer monsoon is evidently associated
with the behaviors of the WNP subtropical high and
the monsoon trough. Therefore, the fast northward
march of CISO in the model could be ascribed to the
erroneous eastward retreat of the WNP subtropical
high and northward shift of the monsoon trough in
the simulation as illustrated in Fig. 8.

Furthermore, in the model, the northward shift
of the seasonal mean western Pacific monsoon trough
rainfall from 5◦N to 20◦N may account for the absence
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(b) 850hpa winds

(a) Surface temperature

Fig. 7. Difference of climatological early summer (April–
May) (a) surface temperature (units: K), and (b) 850 hPa
winds (units: m s−1) between GAMIL 1.1.1 and obser-
vation.

GPCP Precipitation & NCEP R2 850hpa 

GAMIL1.1.1 Precipitation &  850hpa winds

(a)

(b)

Fig. 8. Climatological summer (Jun–Jul–Aug) 850 hPa
winds (vectors) and precipitations (shadings) in (a) ob-
servation and (b) GAMIL 1.1.1, units: m s−1 for winds
and mm d−1 for precipitation.

of the simulated CISO signal south of 10◦N.

4.2 Possible explanations of the deficiencies
in the simulated TISO

Over the SCS latitudes, the most distinguishable
model deficiency in simulating the 30–50-day TISO
mode is the rather weak eastward propagation to the
west of 100◦E. This weakness could be largely as-
sociated with the poor representation of the east-
ward propagating MJO signal along the equator in
the model (Fig. 9). The drier conditions over the
equatorial central-eastern Indian Ocean in the simu-
lated basic state (Fig. 8) could be one of the factors
which cause the weak eastward propagation, because
the equatorial central-eastern IO is the source region
where the SCS 30–50-day mode stems from and de-
velops (Yang et al., 2008). Noteworthy is that both
the periodicity and the northward propagation of this
lower frequency TISO mode are still reasonably cap-
tured in simulation without the presence of the east-
ward propagating component. This phenomenon indi-
cates that the 30–50-day mode over the SCS-PS region
includes two types of northward propagation: one is
connected with the eastward propagating MJO and
the other is independent of the eastward propagat-
ing MJO. The “independent northward propagation”
has been found by several previous observational find-
ings (e.g., Wang and Rui, 1990; Jiang et al., 2004).
This model only captures the “independent north-
ward” component of the 30–50-day mode but loses the
eastward propagation-related northward propagation,
which could partly account for the reduced variance of
this TISO mode in the spectral analysis in the model
(Fig. 2c).

In the subtropics, the model fails to capture the
southward propagation of the quasi-10-day and quasi-
16-day mode over the YRB longitudes. According
to the study from Yang et al. (2008), the occurrence
of the quasi-10-day and quasi-16-day modes over the
YRB is closely linked to the southward propagation
of the upper-level perturbations from higher latitudes.
In model climatology, the maximum center of the
200 hPa westerly jet is weaker than observed and is
displaced westward compared to the observed (Fig.
11), and the deceleration region of the upper-level jet
shifts westward accordingly. Consequently, the high-
latitude upper-level transient perturbation might em-
anate equatorward to the west of the subtropical EA
longitudes in the model, thus the realistic southward
propagation over the subtropical EA longitudes disap-
pears.

5. Conclusion and discussion

In this study, the basic performances of the boreal
summer ISO have been evaluated for GAMIL1.1.1’s
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(a) OBS (b) GAMIL 1.1.1
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Fig. 9. Zonal propagations of 30–50-day TISO mode along the equator between 5◦N
and 5◦S during boreal summer, calculated by point-based correlation analysis with
reference to the eastern equatorial Indian Ocean (5◦–5◦N, 85◦–95◦E), revealed by (a)
observed daily OLR and (b) GAMIL 1.1.1 daily precipitation. The y-axis is united
with “day”.

(a) OBS

(b) GAMIL 1.1.1

Fig. 10. Climatological summer (Jun–Jul–Aug) 200 hPa zonal winds in (a) observa-
tion (NCEP R2) and (b) GAMIL 1.1.1, units: m s−1.
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27-yearAMIP simulation through two measures: CISO
and TISO. The CISO represents the portion of ISO
that is phase locked to the annual cycle, while the
TISO is the year-to-year varying portion of ISO. A
series of validations indicate that many observed fea-
tures of CISO and TISO can be reasonably captured
in this model, primarily including the stepwise north-
ward march of the rain belt of CISO, the major TISO
periodicities in both the tropical WNP and the sub-
tropical EA regions, the northward propagation of the
30–50-day and the westward propagation of 12–25-day
TISO modes over the SCS-PS, and the zonal propaga-
tions of the YRB TISO modes.

However, the simulation has noteworthy weak-
nesses. The deficiencies in the simulated CISO mainly
include the earlier onset of the SCS monsoon, the
quickened northward propagation from 20◦N to 40◦N,
and the absence of the CISO signal to the south of
10◦N. The TISO simulation fails to capture the ob-
served eastward propagation of the 30–50-day TISO
mode and the southward propagations of the YRB
TISO modes. Additionally, most TISO modes in
the model falsely exhibit the overwhelming northward
propagations to the north of 20◦N.

We find that many deficiencies in the simulation
of CISO and TISO are associated with the model’s
biases in mean states. These mean state biases pri-
marily include the drier conditions over the equatorial
central-eastern Indian Ocean, the northward shift of
the western Pacific monsoon trough, the eastward re-
treat of the WNP subtropical high, and the westward
shift of the subtropical westerly jet, which may cause
erroneous genesis or the development of intraseasonal
perturbations. In addition, the land surface thermal
condition is suggested to be another influential factor
for the ISO simulation through modifying the land-
sea thermal contrast. The close linkage between the
ISO simulation and the mean state simulation provide
guidance for the model development.

As a by-product of model evaluation, we also find
the northward propagation of the 30–50-day mode in-
cludes two components: one is linked to the eastward
propagation of the MJO and the other is independent
of the eastward propagating MJO. The finding of the
“independent northward propagation” supports sev-
eral previous observational studies.

Lacking a generally accepted mechanism on the
genesis of the subtropical EA summer ISO potentially
counteracts our understanding of the deficiencies in
the subtropical EA summer ISO simulations. There-
fore, more studies from observations and theoretical
models of the subtropical EA ISO need to be encour-
aged in the future.

Furthermore, the validation of the boreal summer

ISO simulation over the EA-WNP region is suggested
to be made in broader fields, including multi-model
evaluation to find the common advantages and dis-
advantages of the ISO simulation and the assessment
of air-sea coupling models to investigate the effects of
air-sea coupling (Kemball-Cook et al., 2000; Fu et al.,
2003; Fu and Wang, 2004) on the EA-WNP ISO simu-
lation. The impacts of land processes on the EA-WNP
summer ISO simulation and prediction also calls for
in-depth studies.
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