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ABSTRACT

Simulations of tropical intraseasonal oscillation (TISO) in SAMIL, the Spectral Atmospheric Model from
the Institute of Atmospheric Physics (IAP) State Key Laboratory of Numerical Modeling for Atmospheric
Sciences and Geophysical Fluid Dynamics (LASG) coupled and uncoupled general circulation models were
comprehensively evaluated in this study. Compared to the uncoupled model, the atmosphere—ocean coupled
model improved the TISO simulation in the following aspects: (1) the spectral intensity for the 30-80-day
peak eastward periods was more realistic; (2) the eastward propagation signals over western Pacific were
stronger; and (3) the variance distribution and stronger signals of Kelvin waves and mixed Rossby gravity
waves were more realistic. Better performance in the coupled run was assumed to be associated with a
better mean state and a more realistic relationship between precipitation and SST. In both the coupled and
uncoupled runs, the unrealistic simulation of the eastward propagation over the equatorial Indian Ocean
might have been associated with the biases of the precipitation mean state over the Indian Ocean, and
the unrealistic split of maximum TISO precipitation variance over the Pacific might have corresponded
to the exaggeration of the double Intertropical Convergence Zone (ITCZ) structure in precipitation mean
state. However, whether a better mean state leads to better TISO activity remains questionable. Notably,
the northward propagation over the Indian Ocean during summer was not improved in the mean lead-lag
correlation analysis, but case studies have shown some strong cases to yield remarkably realistic northward
propagation in coupled runs.
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Introduction

Murakami et al., 1984; Lau and Chan, 1986; Wang

The tropical intraseasonal oscillation (TISO) is an
important element of the tropical atmospheric climate
system. The most dominant component of TISO dur-
ing winter is the eastward propagating Madden-Julian
Oscillation (MJO, Madden and Julian, 1971, 1972).
During summer, the MJO disturbances weaken and
TISO additionally involves a prominent northward
propagation (Krishnamurti and Subrahmanyam, 1982;

*Corresponding author: BAO Qing, baoqing@mail.iap.ac.cn.

and Rui, 1990; Yang et al., 2008; among many oth-
ers). The significant role of TISO on our weather and
climate systems has been widely recognized. TISO has
been intimately associated with the onsets and breaks
of the monsoon systems (e.g., Yasunari, 1979; Hen-
don and Liebmann, 1990; Zhou and Chan, 2005), the
formation of tropical cyclones (e.g., Liebmann et al.,
1994; Maloney and Hartmann, 2000; Higgins and Shi,
2001), the triggering or termination of some El Nifio
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events (e.g., Takayabu et al., 1999; Kessler and Klee-
man, 2000; Bergman et al., 2001), and the modula-
tion of the biological and chemical components (e.g.,
chlorophyll: Waliser et al., 2005; ozone: Tian et al.,
2007; aerosols: Tian et al., 2008). Being a strong trop-
ical heating source, the TISO also influences the ex-
tratropics by driving teleconnection (e.g., Weickmann,
1983; Liebmann and Hartmann, 1984, Pan and Li,
2008). Hence, a realistic simulation of TISO is neces-
sary for the accurate simulation and skillful prediction
of weather and climate phenomena.

Unfortunately, poor simulation of the TISO is a
fairly generic problem in general circulation models
(GCMs). Typical errors in climate models include a
weak amplitude, periods that are too short, eastward
propagation during winter that are too fast, north-
ward propagation during summer that is too weak
(e.g., Hayashi and Golder, 1986; Lau et al., 1988;
Slingo et al., 1996; Sperber et al., 1997; Fu and Wang,
2004). TISO essentially involves the complex inter-
actions between convection and large-scale dynamics,
together with the interactions between the sea surface
and the boundary layer (Wang, 2005). Accordingly,
TISO modeling problems have been associated with in-
adequate representation of the following aspects: mois-
ture convection (e.g., Tokioka et al., 1988; Wang and
Schlesinger, 1999; Zhang and Song, 2009), stratiform
rainfall (Fu and Wang, 2009; Kim et al., 2009), the
vertical profile of heating (Jiang et al., 2009; Li et al.,
2009), the mean state (Wang and Xie, 1997; Inness
et al., 2003; Ajayamohan and Goswami, 2007, among
many others), and the atmosphere—ocean interaction
(e.g., Wang and Xie, 1998; Waliser et al., 1999; Hen-
don, 2000; Fu and Wang, 2004; Sperber et al., 2005,
among many others).

Recently, in preparation for the Intergovernmental
Panel on Climate Change (IPCC) Fifth Assessment
Report (AR5), the atmospheric component (SAMIL:
Spectral Atmospheric Model in TAP/LASG) of the
TAP coupled model FGOALS-s (the Flexible Global
Ocean—Atmosphere-Land System model) made sev-
eral modifications of the physical parameterization
package, including radiation scheme, convective pa-
rameterization scheme, and cloud scheme (Bao et al.,
2010). Before conducting the extended simulations
of different climate change scenarios, this model per-
formed both AMIP (Atmospheric Model Intercompar-
ison Project) and CMIP (Coupled Model Intercompar-
ison Project) (Taylor et al., 2009) runs. Moreover, it
is of interest to assess respective TISO simulations in
this new generation of the climate model to examine
the effects of both the updated physical processes and
atmosphere—ocean coupling on TISO simulation. Such
an evaluation is also important for evaluating the gen-
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eral performance of this climate model in terms of its
use regarding climate change projections in the IPCC
ARS5.

The model, the validation data, and the method-
ology are introduced in section 2. In section 3,
the basic performance of TISO simulation (including
power spectrum, propagation and geographic distri-
bution) are described, and in section 4 the impact of
atmosphere—ocean interaction and mean state on sim-
ulation of TISO is discussed. Conclusions derived from
this study are listed in the last section.

2. Model, validation data, and methodology

2.1 The model

The atmospheric component of FGOALS-s is ver-
sion 2.4.7 of SAMIL (Bao et al., 2010), a spectral trans-
form model with 26 atmospheric layers extending from
the surface to 2.19 hPa, and with a horizontal reso-
lution of R42 [~2.81° (longitude) x1.66° (latitude)].
The time increment of integration in the current ver-
sion of SAMIL R42L.26 is 10 minutes. The radiation
scheme is the Edwards-Slingo scheme from the UK Me-
teorological Office (Edwards and Slingo, 1996), with a
modification by Sun (Sun and Rikus, 1999a, b). The
time step of the radiation scheme is 1 hour, indicat-
ing that the diurnal cycle of solar radiation can be
captured. The mass flux cumulus parameterization of
Tiedtke (Tiedtke, 1989) is utilized for representing the
deep, shallow and midlevel convections, with a modi-
fied closure assumption and the formation of organized
entrainment and detrainment (Nordeng, 1994; Song,
2005). The planetary boundary layer (PBL) part of
the model is a higher-order closure scheme that com-
putes the turbulent transfer of momentum, heat, mois-
ture, and cloud water (Brinkop and Roeckner, 1995).
The cloud scheme is a diagnostic method based on ver-
tical motion and relative humidity (Liu and Wu, 1997).
The effects of gravity-wave drag are also considered,
which depend on wind speed, density, and static sta-
bility of the low-level flow (Palmer, 1996). The oceanic
component is LASG TAP Common Ocean Model (LI-
COM) (Liu et al., 2004), and its resolution is 1°x1°
with the increased resolution to 0.5°x0.5° in tropical
regions.

In AMIP, the observed SST and sea ice tempera-
ture from 1979 to 2008 served as the boundary forcing
of numerical experiments. And the realistic forcing of
greenhouse gas, solar constant and aerosol were also
used to conduct standard AMIP runs for the period
1979-2008. The CMIP historical run performed the
integration for 1850-2005, with realistic external forc-
ing including greenhouse gas, solar radiation, ozone
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distribution, and aerosols. To facilitate the compar-
ison with observation data, the 11-year results from
1991 to 2001 in the model were used in this study.

2.2  Validation data and methodology

We validated the simulations against to the daily
and monthly rainfall data retrieved from the Global
Precipitation Climatology Project (GPCP, Huffman
et al., 2001), and the daily and monthly upper and
lower tropospheric winds data from NCEP/NCAR re-
analysis (Kalnay et al., 1996). The records of 11 years
(1998-2008) were applied in this study.

The U.S. Climate Variability Research Program
(US CLIVAR) established the Madden-Julian Oscilla-
tion Working Group (MJOWG), which has developed
a standardized set of diagnostics to evaluate MJO sim-
ulation in climate models (CLIVAR, MJOWG 2008,
http://www.usclivar.org/mjo.php). The MJOWG en-
courages the modeling community to apply this hi-
erarchy of diagnostics to their simulations to al-
low for a systematic comparison with other models.
These methodologies have been introduced in detail
by Waliser et al. (2009) and Kim et al. (2009). In
this study, we applied these diagnostics to climate
model simulations. The boreal winter was defined
from November to April (NOV-APR), and the bo-
real summer was from May to October (MAY-OCT).
The 20-100-day band-pass filtered anomalies were con-
structed using a 201-point Lanczos filter (Duchon,
1979), which has half-power points at 20- and 100-day
periods.

3. Simulation of TISO

3.1 Power spectrum

We used an equatorial wavenumber-frequency di-
agram (Hayashi, 1979) of daily time series of precip-
itation and 850-hPa zonal wind (U850) to isolate the
characteristic spatial and temporal scales (Fig. 1).
Consistent with previous results (e.g., Weickmann et
al., 1985; Kiladis and Weickmann, 1992; Zhang et al.,
2006), the dominant spatial scale according to observa-
tion data were zonal wavenumbers 1 to 3 for precipita-
tion (Fig. 1a) and for U850 the dominant spatial scale
was zonal wavenumber 1 for eastward periods of 30-80
days (Fig. 2a). These features were distinguishable in
both summer and winter.

In AMIP (Figs. 1b and 2b), the zonal wavenum-
bers 1-3 of precipitation and the zonal wave number
1 of U850 in eastward propagating power were cap-
tured in some degree during both winter and summer.
However, the spectral intensities during westward pe-
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riods were unrealistically overestimated in both U850
and precipitation. The 30-80-day peak during east-
ward periods failed to appear in both precipitation
and U850 during winter and summer. And the east-
ward propagating power tended to be concentrated at
a lower frequency (period >80 days) and at a higher
frequency (period <30 days).

In contrast, as shown in Figs. 1c and 2c¢, the CMIP
generally enhanced the spectral power of 30-80-day
eastward periods and reduced the powers at periods
<30 days and <80 days, although the power of 30-80-
day periods was weaker compared to the observation
data. Meanwhile, the eastward propagating signals
were strengthened relative to the westward propagat-
ing signals for both U850 and precipitation in winter
in CMIP.

Additionally, wavenumber-frequency  spectra
(Wheeler and Kiladis, 1999) showed that the signals
of Kelvin and equatorial Rossby wave were weaker in
both CMIP and AMIP compared to the observation
data (Figs. 3a—c). However, the signals of the equato-
rial Kelvin wave and the mixed Rossby gravity wave
(MRG) were remarkably stronger in CMIP than in
AMIP (Figs. 3a—c).

3.2 Propagation

3.2.1 FEastward propagation

In Fig. 4a, the eastward propagation of the TISO
is shown by a lagged-time-longitude diagram of corre-
lation coefficients between 20—-100-day filtered precipi-
tation and U850 along the equator (10°S-10°N ) upon
the 20-100-day filtered precipitation over the Indian
Ocean (10°S-5°N, 75°-100°E, the reference region).
TISO propagated eastward from the Indian Ocean to
the western Pacific Ocean, with a typical phase speed
of ~5m s~ ! according to the observation data. Precip-
itation and U850 tended to be in quadrature, with the
maximum precipitation leading the 850-hPa westerly
wind. This results exhibit the classic MJO structure
described first by Madden and Julian (1972).

In AMIP (Fig. 4b), the eastward propagation of
U850 was detectable over the western Pacific Ocean
but disappeared over the Indian Ocean in winter. In
summer, the eastward propagation was, to some ex-
tent, represented over the Indian Ocean portion but
was too weak to be detected over the western Pa-
cific Ocean. The quadrature relationship between pre-
cipitation and U850 was reproducible over the Indian
Ocean and the western Pacific Ocean in summer, but
it was less well represented in winter. The CMIP
strengthened the eastward propagating signals in the
western Pacific Ocean during both summer and winter
(Fig. 4c).
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Fig. 1. Wavenumber-frequency spectra of precipitation
averaged over 10°S-10°N during boreal winter (left) and
summer (right), respectively in (a) observation data, (b)
AMIP, (c) CMIP, and (d) AMIP-CMIP_SST. Individual
spectra were calculated year by year before they were av-
eraged in 11 years. The climatologically seasonal mean
was removed before calculation of spectra. Units for the
precipitation spectrum are mm? d~2. The bandwidth is
(180 d)~*.

3.2.2 Northward propagation in summer

Many previous studies (e.g., Krishnamurti and
Subrahmanyam, 1982; Lau and Chan, 1986; Wang and
Rui, 1990; among many others) have noted the evident
continuous northward propagation of TISO from the
equator to 20°N during summer according to the ob-
servation data (Fig. ba), which was not realistically
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0.010.03 0.05 0.07 0.09

Fig. 2. The same as Fig. 1 except for the U850. The
units are m? s~ 2.
represented in both AMIP and CMIP (Figs. 5b and
¢). In AMIP, the northward propagating signal only
occurred from 15°N to 25°N in the off-equatorial re-
gion. However, the northward propagation almost dis-
appeared in CMIP. This result that seems to con-
flict with some previous studies, which showed that
atmosphere—ocean interaction strengthens the north-
ward propagation (e.g., Wang and Xie, 1998; Waliser
et al., 1999; Hendon, 2000; Fu and Wang, 2004; Sper-
ber et al., 2005, among many others). The quadrature
relationship between precipitation and U850 according
to the observation data was detected in both AMIP
and CMIP.
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Fig. 3. The symmetric (left panel) and asymmetric
(right panel) spectrum of coherence squared (color shad-
ing) between rainfall and U850, respectively in (a) obser-
vation data, (b) AMIP, (¢) CMIP, and (d) AMIP-CMIP-
SST. Spectra were computed for individual latitudes be-
fore they were averaged over 15°S—15°N. Computations
were conducted using data in all seasons on 256-day
segments, overlapping by 206 days. Dispersion curves
are shown for the Kelvin, equatorial Rossby (ER), east-
ward intertio-gravity (EIG), and mixed Rossby—gravity
(MRG) modes.

3.3 Geographic distribution

To investigate how the magnitude and geograph-
ical distribution of 20-100-day TISO were simulated,
we examined the maps of the 20-100-day filtered vari-

YANG ET AL. 533

summer

U (hnes)

60E 120E 180 120W 60W O 60E 120E 180 120W 60W

[ ____EEEEEEES ]
-1 -06 -03 0 03 06 1

Fig. 4. Lagged-time-longitude diagram of correlation co-
efficients between the 20-100-day band-pass filtered pre-
cipitation (color shadings) and the U850 (contours) over
10°S-10°N during boreal winter (left) and boreal summer
(right) compared to the 20-100-day filtered precipitation
over the reference region (10°S-5°N and 75°-100°E), re-
spectively for (a) observation data, (b) AMIP, (c¢) CMIP,
and (d) AMIP-CMIP_SST. Contour interval is 0.1. The
absolute value > 0.2 is above the 95% confidence level.

ance for both U850 and precipitation (Fig. 6). During
winter, the U850 and precipitation variance maxima
were located over the eastern Indian Ocean, the west-
ern Pacific Oceanth, and south of the Maritime con-
tinent region, according to the observation data (Fig.
6a). The three maxima centers were approximately de-
tected in both AMIP and CMIP, but the amplitudes
of variance were generally overestimated in both sim-
ulations (Figs. 6b and c). In AMIP, the amplitude of
the variance maxima over the western Pacific Ocean
was obviously overestimated; and the maximum center
of variance over the Indian Ocean shifted southwest-
ward. In CMIP, the location of U850 and the pre-
cipitation variance maxima, over the central tropical
Indian Ocean, was obviously nearer to the observation
data than in AMIP. Meanwhile, the amplitude over
the western Pacific Ocean in CMIP was more realistic
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Fig. 5. Lagged-time-latitude diagram of correlation coefficients between 20-100-day band-
pass filtered precipitation (color shadings) and U850 (contours) over 75°-100°E during
boreal summer against to the 20-100-day filtered precipitation over the reference region
(5°N-10°S and 75°-100°E), respectively for (a) observation, (b) AMIP, (¢) CMIP and (d)
AMIP-CMIP SST. Contour interval is 0.1. The absolute value more than 0.2 is above 95%
confidence level.

120E 150E 180 150W 120W 90W 60W 60E 90E 120E 150E 180 150W 120W S90W 6OW

5 15 25 35 45 55 65 50 150 250 350

Fig. 6. 20-100-day band-pass filtered precipitation variance (left panel) and U850 variance (right panel)
during boreal winter, respectively for (a) observation data, (b) AMIP, (c) CMIP, and (d) AMIP-

CMIP_SST. Units for precipitation variance are mm? d~2; units for zonal wind variance are m? s~2.
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than that in AMIP.

During summer, the U850 and precipitation vari-
ance maxima were located over the eastern Indian
Ocean, the Asian monsoon region, and the eastern
tropical Pacific according to the observation data (Fig.
7a). These major centers of variances were captured
in AMIP, but their amplitude was obviously overesti-
mated particularly in the Asian monsoon region (Fig.
7b). The overestimated amplitude in AMIP was evi-
dently reduced in CMIP over the Asian monsoon re-
gion (Fig. 7c). However, the amplitude of variance
over the Indian Ocean was enhanced, and the loca-
tion of variance maxima over the Indian Ocean shifted
southwestward in CMIP (Fig. 7c). CMIP and AMIP,
shared a common disadvantage, that is, the unrealis-
tic split of maximum TISO precipitation variance over
the Pacific (Figs. 7b and c).

4. Discussion

We investigated the possible reasons for the dif-
ferences in the simulated TISOs between AMIP and
CMIP in the following two aspects: the mean state
and atmosphere—ocean coupling. To clarify the re-
spective roles of the mean state and atmosphere—ocean
coupling on TISO simulation, we conducted another
AMIP-type experiment forced by monthly SSTs after
atmosphere—ocean coupling (the output monthly SST
in CMIP run), called “AMIP-CMIP_SST” hereafter.

4.1 Assoctated with mean state

On one hand, some previous studies have shown
that the biases in the simulated TISO/MJO are re-
lated to biases in their embedding mean state (e.g.,
Slingo et al., 1996; Zhang et al., 2006; Ajayamohan
and Goswami, 2007; Yang et al., 2009). On the other
hand, some studies have reported that the good mean
states do not necessarily lead to good TISO simula-
tions (e.g., Rajendran et al., 2008; Liu et al., 2009).
Then, what are the relationships between the mean
state and the TISO activity in SAMIL? To remove
the impact of atmosphere—ocean coupling, we first
compared the differences between AMIP and AMP-
CMIP_SST to identify the role of the mean state on
TISO.

First, Fig. 8 shows the difference of seasonal mean
SSTs between two experiments (AMIP and AMIP-
CMIP_SST). The SST after atmosphere—ocean cou-
pling exhibited the obvious cooling biases over Asian-
Australian monsoon region (AAM; the Arabian Sea,
the Bay of Bengal, the South China Sea, the Maritime
continent, and the western North Pacific). In con-
trast, the SST over the equatorial and the southern
Indian Ocean had warming biases. Physically speak-
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ing, warming SST enhanced rainfall, while cooling SST
depressed rainfall without the feedback from atmo-
sphere to ocean. Therefore, there was correspondingly
less precipitation over the AAM region and more pre-
cipitation over the southern Indian Ocean in AMIP-
CMIP_SST than in AMIP (Figs. 9b and d). In
comparison with the observation data, the precipita-
tion in AMIP was overestimated over the AAM region
and the tropical southern Indian Ocean (Figs. 9a and
b), so that the biases of the precipitation mean state
were obviously reduced over the AAM region but were
increased over the southern Indian Ocean in AMIP-
CMIP_SST. Accordingly, we found that the intensity
of simulated TISO activity was more realistic over the
AAM region but was overestimated over the south-
ern Indian Ocean in AMIP_CMIP-SST than in AMIP
(Figs. 6 and 7).

Inness et al. (2003) suggested that a correct mean
low-level zonal wind in a model is critical to its TISO
simulation, because the observed maximum TISO ac-
tivity (variance) tends to be located in regions of either
westerlies or very weak easterlies at 850 hPa (Figs.
6, 7, and 10a). Figure 10b shows that the tropical
westerly intensity in AMIP was overestimated over
the Maritime continent, was underestimated over the
Indian Ocean during winter, and was overestimated
over the AAM region during summer. These biases in
AMIP were obviously reduced in AMIP-CMIP_SST
(Fig. 10d). Correspondingly, we found that better
variance distribution of TISO was reproduced over
these regions in AMIP_CMIP-SST (Figs. 6d and 7d),
which is consistent with the results of Inness et al.
(2003).

The above analysis indicates a tentative conclusion
that a better mean state means a better TISO inten-
sity. Does a better mean state cause better depiction of
characteristics of TISO activity? We further compared
the power spectrum, the wavenumber—frequency spec-
tra, and the propagations of TISO between AMIP and
AMIP-CMIP_SST (Figs. 1-5). Although the 30-80-
day eastward propagating spectrum peaks during win-
ter, the Kelvin wave is a symmetric component and the
MRW is an asymmetric component in wave-number
frequency spectrum analysis. The eastward propaga-
tion over the western Pacific Ocean during winter was
better in AMIP-CMIP_SST, most TISO activity bi-
ases were not reduced under better mean state, and
some biases were even increased (e.g., the power spec-
trum during summer). Therefore, a better mean state
does not necessarily cause a better depiction of fea-
tures of TISO itself.

The comparison between AMIP and AMIP-
CMIP _SST also indicated that the stronger TISO sig-
nal in precipitation appeared to be collocated with
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Fig. 7. Same as Fig. 5 except for the boreal summer.
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Fig. 8. Seasonal mean differences of SST between AMIP and AMIP-CMIP_SST runs (AMIP-CMIP SST
run minus AMIP run) respectively during winter (upper panel) and summer (lower panel). The units are
degrees.
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Fig. 9. Climatological mean precipitation during winter (left panel) and summer (right panel) in 11 years,
respectively for (a) observation data, (b) AMIP, (¢) CMIP, and (d) AMIP-CMIP SST. Units: mm d~'.
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mean precipitation with the larger amplitude (Figs.
6, 7, and 9). The unrealistic split of maximum TISO
precipitation over the western Pacific Ocean in both
experiments appeared to be related to the exaggera-
tion of the double-ITCZ structure in mean precipita-
tion. However, this is not always true when comparing
AMIP-CMIP_SST and CMIP. For example, the pre-
cipitation over the western north Pacific had smaller
amplitude in the mean state of CMIP than in AMIP-
CMIP_SST during winter (Fig. 9), but it had stronger
TISO activity in CMIP than in AMIP-CMIP_SST
(Fig. 6).

4.2 Associated with atmosphere—ocean inter-
action

Compared with both AMIP and AMIP-CMIP_
SST, TISO activity in CMIP was evidently improved
in some aspects, including the realistic eastward
propagation over the western Pacific Ocean and the
stronger power spectrum of 30-80-day eastward pe-
riods (Figs. 1, 2 and Fig. 4). These improve-
ments resulted directly from atmosphere—ocean cou-
pling. The lagged-time-longitude diagram between
20-100-day filtered SST and precipitation along the
equator upon the 20-100-day filtered precipitation
over the Indian Ocean reference region are shown in
Fig. 11. We found that the simulated 20-100-day fil-
tered precipitation and SST anomalies were in quadra-
ture in the coupled run, with the warm SST anomaly
leading the wet anomaly, which has been found in the
observation data (e.g., Waliser et al., 1999; Matthews,
2004; Wang et al., 2006). The presence of positive SST
anomalies enhances the initial low-level convergence
that subsequently extends up to the mid-troposphere
and causes deep convection. However, in the two un-
coupled runs (AGCM runs), the realistic relationship
between the 20-100-day filtered precipitation and SST
almost disappeared, indicating that the convection in
uncoupled run was subjected to the given SST instead
of its evolution through coherent coupled feedback.

However, the simulations of eastward propagation
in winter over the Indian Ocean were still very poor
in both the CMIP and the AMIP. This error has been
identified as one of the major problems in simulating
intraseasonal oscillations (Waliser et al., 2003). The
mean precipitation maxima over the equatorial central
Indian Ocean unrealistically shifted southwestward the
Southern Hemisphere (Fig. 9), which may have con-
tributed to the biases of the eastward propagation over
the Indian Ocean in simulation.

Inconsistent with many previous findings that show
atmosphere—ocean interaction enhances the northward
propagation of TISO during summer, the northward
propagation was not improved in CMIP (Fig. 5). To
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Fig. 11. Lagged-time-longitude diagram of correlation
coefficients between 20-100-day filtered precipitation
(color shading) and SST (contours) over 10°S-10°N dur-
ing boreal winter against to 20—100-day filtered precipita-
tion over the reference region (10°S-5°N and 75°-100°E),
respectively in (a) AMIP, (b) CMIP, and (c) AMIP-
CMIP_SST. The contour interval is 0.1. The absolute
value > 0.2 is above the 95% confidence level.

investigate the cause of this difference, we first chose
some strong TISO cases with the longer periods (>30
days) in CMIP to determine its evolution (the year-
by-year time series of 20-100-day in 11 years are not
shown here), and we found that the northward prop-
agation of 20-100-day TISO was well distinguished in
some cases (e.g., 15 May to 16 Jun 1992) (Fig. 12). The
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phase-leading relationship between SSTA and precip-
itation was also seen in the case study (figure not
shown). Again, we chose some weak cases of TISO
with the shorter periods (20-30 days) in CMIP, and we
found that the northward propagation of 20-100-day
TISO almost disappeared and the unrealistic south-
ward propagation occurred (figure not shown). This
is why the averaged lagged-time-latitude correlation
analysis did not show remarkable improvement in the
simulation of northward propagation in CMIP. The
results from case-by-case studies indicated the follow-
ing three points: (1) the averaged lagged-time-latitude
correlation analysis in MJOWG diagnostic package
was not necessarily able to well represent the boreal
summer TISO (also called BSISO), particularly the
northward propagation; (2) the 20-100-day band fil-
tering might be too broad for the summer ISO, which
might involve different types of transient activity with
different periodicities; (3) the atmosphere-ocean cou-
pling was able to enhance the northward propagation
during summer in some strong TISO cases in this
study, which is still consistent with previous findings.

5. Summary

This study comprehensively evaluated the perfor-
mance of TISO during winter and summer in un-
coupled (AMIP) and coupled (CMIP) simulations of
SAMIL. In the power spectrum, the AMIP was re-
alistically able to capture the zonal wavenumbers 1-
3 of precipitation and the zonal wave number 1 of
U850 in eastward propagating power, but it failed to
simulate the 30-80-day peak during eastward periods,
and it overestimated the power spectrum during west-
ward periods. In contrast, the CMIP obviously inten-
sified the spectral peak of 30-80-day eastward peri-
ods and strengthened the eastward propagating power
relative to the westward propagating signals. Mean-
while, the CMIP showed stronger signals of Kelvin
waves and MRG waves. In propagation, the AMIP
was able to capture well the eastward propagation over
the western Pacific Ocean but failed over the Indian
Ocean in winter, and the AMIP was able to reproduce
the eastward propagation to some extent over the In-
dian Ocean portion but failed over the western Pacific
Ocean in summer. The CMIP evidently strengthened
the eastward propagating signals in the western Pa-
cific Ocean during both summer and winter. However,
both AMIP and CMIP failed to give realistic results
for northward propagation over the Indian Ocean. In
spatial distribution, CMIP showed a more realistic lo-
cation and intensity of TISO variance maxima than
AMIP in winter; during summer, the errors of the
variance amplitude in AMIP were obviously reduced
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in CMIP over the Asian monsoon region, but the bi-
ases of the TISO variance over the Indian Ocean were
enlarged in CMIP. The unrealistic split of maximum
20-100-day filtered precipitation variance over Pacific
is a common disadvantage in both CMIP and AMIP.

To clarify the respective impact of mean state
and the atmosphere—ocean coupling on TISO simu-
lation, we conducted one more AGCM experiment
(called AMIP-CMIP_SST) forced by CMIP output
monthly SST. The comparison between AMIP and
AMIP-CMIP_SST indicates the relationship between
the mean state and TISO activity in the following as-
pects. First, better 850-hPa westerlies corresponded
to better distributions of TISO intensity because the
maximum TISO variance tended be located in regions
of the lower-level westerlies. Second, stronger precipi-
tation mean state usually led to stronger TISO activ-
ity, but this did not always hold true. Third, a better
mean state does not necessarily mean better features
of TISO itself (e.g., power spectrum and propagation).

The comparison of CMIP and AMIP-CMIP_SST
and AMIP showed that atmosphere-ocean coupling
evidently improved the eastward propagation over the
western Pacific Ocean and the 30-80-day eastward
propagating power spectrum by better capturing a
realistic relationship between precipitation and SST,
but it failed to improve the northward propagation in
mean lagged-time-latitude diagram of correlation coef-
ficients. However, case studies showed that the north-
ward propagation could be reproduced realistically in
some strong TISO cases in the coupled run. The in-
consistency between the case study and the averaged
lagged-time-latitude correlation analysis indicates that
this diagnostic package of MJOWG may not represent
well the summer ISO (i.e., the 20-100-day band filter
might be too wide for the summer ISO).

The failure to capture the eastward propagation
during winter over the Indian Ocean is assumed to be
associated with the biases of rainfall simulation over
the equatorial central Indian Ocean in both CMIP and
AMIP runs. The causes for the unrealistic mean state
simulation over the equatorial central Indian Ocean
need to be clarified in a future study. More improve-
ment might be made in the physical package, including
convective parameterization and cloud scheme.
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