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Summary

While the canonical life cycle of the Madden–Julian os-
cillation (MJO) is relatively well studied, little attention has
been given to the determination of its periodicity and the
detailed low-level dynamic structure during the onset phase.
Here we present observational evidence of significant dy-
namical linkage between MJO convection and life span of
MJO events. It is revealed that over the Indian Ocean,
the low-level moisture convergence (LLMC) induced by
easterly zonal wind anomaly and equatorward converging
meridional wind anomaly preconditions about 3–5 days
prior to the development of onset convection. Further, it
is explicitly shown that the stronger LLMC tends to in-
duce more intense MJO convection in the Indian Ocean,
indicating that the LLMC paradigm is effectively operative
in the initiation of MJO convection. The results show that
the life span of the MJO is determined by the strength of
the convective coupling with the large-scale circulation.
That is, stronger MJO convection exhibits a longer life
span due to stronger coupling between the tropical con-
vection and circulation, and hence the slower eastward
propagation of low-level circulation. In contrast, the weak
MJO events favor a short period of the cycle and bear a
similarity to the convectively coupled equatorial Kelvin
waves. Thus, the greater LLMC tends to induce the greater
MJO convection, which in turn gives rise to the strong
coupling with lower-level circulation and propagating
slowly to the east. The linear relationship between the
convection strength and life span is shown to be greater in
boreal winter.

1. Introduction

The Madden–Julian oscillation (MJO) is the
most prominent mode of intraseasonal variabil-
ity in the tropics on the time scales of 30–70 days
(Madden and Julian 1994; Zhang 2005). Recent
observational and modeling studies stress the
importance of air–sea interaction and anoma-
lous or basic state sea surface temperature (SST)
in the development and propagation of the
MJO (Krishnamurti et al. 1988; Flatau et al.
1997; Sperber et al. 1997; Waliser et al. 1999;
Woolnough et al. 2000; Kemball-Cook and Wang
2001; Inness et al. 2003; Fu and Wang 2004;
Seo et al. 2007). The MJO directly affects the cli-
mate of tropical atmosphere and ocean. For ex-
ample, intraseasonal patterns of cloudiness and
rainfall are more pronounced over the Eastern
Hemisphere than in the Western Hemisphere. The
coherent fluctuations of SST, heat fluxes and radi-
ation fluxes at sea surface appear along with the
passage of MJO convective events (Woolnough
et al. 2000; Kemball-Cook and Wang 2001). It is
of special interest that a series of westerly wind
bursts over the Pacific warm pool associated with
an MJO event intensified the development of the
1997–1998 and 2002–2003 El Ni~nno events by gen-
erating strong downwelling equatorial Kelvin
waves (McPhaden 1999, 2004; Seo and Xue 2005).

Tropical convective activity also influences
the extratropical regions through the interaction
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between MJO convective forcing and large-scale
circulation (e.g. Fig. 1 in Lin et al. 2005). The
evolution and propagation of MJO convection
have been shown to develop the persistent North
Pacific circulation anomalies and extreme pre-
cipitation events along the western United States
during boreal winter (e.g. Weickmann 1983;
Liebmann and Hartmann 1984; Lau and Philips
1986; Higgins and Schubert 1996; Mo and
Higgins 1998; Jones 2000). Accordingly a proper
representation of the tropical convective forcing
is likely to enhance extended-range weather fore-
cast skill in the extratropics (Ferranti et al. 1990).
Furthermore, its influence is also strongly linked
to the Asian summer monsoon (Lau and Chan
1986; Annamalai and Slingo 2001). The active
and break cycle of the monsoon is significantly
related to the northwestward propagation of in-
traseasonal convective anomaly toward the Indian
subcontinent (Krishnan et al. 2000; Annamalai
and Slingo 2001).

A number of fundamental questions need to be
clearly resolved concerning the initiation, propa-
gation and periodicity of MJO events. For ex-
ample, much of the observational and modeling
work has been devoted to the studies on the ca-
nonical life cycle of the MJO (e.g. Hendon and
Salby 1994; Salby et al. 1994; Wang and Li
1994), yet relatively few papers have focused on
the initiation of the MJO (Kemball-Cook and
Weare 2001; Seo and Kim 2003) and convective
coupling process with circulation, which will im-
pact the life span of the individual cycle. Among
the initiation mechanisms, the circumnavigation
of the globe by upper-level circulation anomaly
emitted from the previous cycle of the MJO has
been suggested as a tropical triggering mechanism
by several authors (e.g. Knutson et al. 1986; Blad�ee
and Hartmann 1993). Also, an observational case
study suggests that upper-level Rossby wave
trains propagating into the tropical Indian Ocean
region from the extratropics induce vertical mo-
tion and onset convection (Hsu et al. 1990). It has
been recognized that the onset process by upper-
level disturbances is hard to justify due to lack of
connecting physical mechanism, although the lat-
ter mechanism may act as stochastic forcing as
pointed out by Kemball-Cook and Weare (2001).

Instead, the frictional wave-CISK (conditional
instability of the second kind), which is one of
the currently prevailing paradigms for the de-

velopment of the MJO, focuses on the low-
level process. Jones and Weare (1996) observed
that the low-level moisture convergence contrib-
utes to the development of onset convection.
Especially, Seo and Kim (2003) showed that both
Kelvin and Rossby waves play a role in forming
low-level moist convergence prior to the onset
of the oscillation in the western Indian Ocean.
They have shown that the Kelvin waves have
encircled from a region of enhanced convection
of previous cycle and the Rossby waves are trail-
ing anticyclones of wave response to the reduced
convection over the Indian Ocean.

Along with the low-level moisture convergence
paradigm, another prevailing view is a discharge-
recharge hypothesis put forward by Blad�ee and
Hartmann (1993). They argued that the local oscil-
lation between the discharge and buildup of con-
vective instability determines the onset and period
of MJO events. Kemball-Cook and Weare (2001)
lent support to this hypothesis by showing the
buildup of low-level moist static energy preced-
ing the initiation of MJO convection from the
analysis of the radiosonde soundings of the Com-
prehensive Aerological Reference Data Set.

Recently, Sperber (2003) also stressed the im-
portance of Kelvin and Rossby wave interaction
in MJO onset. He showed that enhanced low-
level moisture and convergence from the surface
to 850 hPa occur in phase with enhanced rainfall
in the western Indian Ocean during the onset of
the MJO, suggesting the need to look at in detail
the temporal and spatial structures of the MJO
during the onset stage. In addition, the periodicity
of the MJO has not been studied sufficiently. Even
if the individual MJO events are expected to ex-
hibit complicated evolution pattern and life span,
the factors that affect the period of the MJO should
be examined. It will be shown later that this is
related to the coupling between MJO convection
and large-scale circulation and their propagation.

The purpose of this study is to re-examine the
onset mechanism of the MJO and investigate the
difference in the propagation characteristics in
the intensity of MJO convection. The following
questions are addressed below.

1) What are the spatial structures of the dynamic
and thermodynamic variables at the onset of
the MJO? Is that associated with easterly or
westerly zonal wind anomaly?
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2) Is there any explicit relationship between low-
level moisture convergence and amplitude
of the MJO, and between life span and MJO
strength?

3) What is different in the propagation of con-
vection and large-scale circulation for strong
and weak MJO events?

To address these issues, composite maps and
scatter diagrams will be analyzed on proxy data
for deep convection and atmospheric variables in
the tropics. Data sets and analysis variables used
in the study are introduced in Sect. 2. Section 3
describes compositing method based on the vari-
ation of OLR anomaly over the Indian Ocean.
The evolution of convection anomalies and
low-level variables will be examined to address
the onset process in Sect. 4. Summary and dis-
cussion are given in Sect. 5.

2. Data

The observed relationships between tropical con-
vection and atmospheric variables are presen-
ted using two main datasets. To represent deep
tropical convection, daily mean OLR from the
advanced very high resolution radiometer on-
board the National Oceanic and Atmospheric
Administration (NOAA) polar-orbiting satellites
is used (Liebmann and Smith 1996). The OLR
dataset interpolated on a 2.5� � 2.5� grid is used
for 23-yr period from 1981 to 2003.

Daily zonal and meridional winds, latent heat
flux, SLP, and moisture fields have been derived
from the National Centers for Environmental
Prediction-National Center for Atmospheric Re-
search (NCEP-NCAR) reanalysis (Kalnay et al.
1996) for the same period 1981–2003. The re-
analysis data are available on the same 2.5� grid
as the OLR data. Using this, the vertically inte-
grated low-level moisture convergence (hereafter
LLMC) is calculated as

LLMC ¼ 1

g

ðP1

Ps

rðqVÞ dP; ð1Þ

where q is specific humidity, V is horizontal
winds, and g is gravity. LLMC is vertically inte-
grated from 1000 hPa (Ps) to 700 hPa (P1). Moist
static energy is also calculated as h¼CpTþ
Lqþ gz, where Cp is the specific heat of air, T
air temperature, L latent heat of condensation, q

specific humidity, g gravity, and z geopotential
height.

Anomaly field of each variable is derived by
first removing the smooth annual cycle which
contains the time mean and first three annual
harmonics at each grid point. Then to capture the
20–100-day variations, Lanczos filter (Duchon
1979) with 141 weights is applied to anomaly
fields for all variables used in this study. Extend-
ed boreal winter is defined to be the months of
November through April and extended boreal
summer season is the months of May through
October. Throughout the paper, winter (or sum-
mer) means extended boreal winter (or extended
boreal summer).

3. Methods

To extract the MJO signals, we construct com-
posite maps for convective anomaly and at-
mospheric variables. The compositing technique
employed here is similar to that of Kemball-
Cook and Wang (2001). That is, the composite
is based on the convective signal as measured by
the average OLR anomaly over the Indian Ocean.
Individual MJO events are identified by applying
the following criteria as shown in Fig. 1: 1) the
minimum value of the filtered OLR anomaly
averaged over the boxed base region of [65–
85� E, 5� S–5� N] is less than �20 W m�2 for bo-
real winter and �15 W m�2 for boreal summer,
and 2) as the MJO event passes through this base
region, the box-averaged OLR anomaly should
undergo a minimum during the cycle. The cases
selected by the above provide the composites for
strong MJO events. The Indian Ocean base re-
gion is chosen because it is within the region that
the largest MJO-related variance appears (e.g.
Fig. 3 in Seo et al. 2005). The use of different
threshold value stems from a stronger MJO in-
tensity in winter season compared to summer
season. The latter is applied to select only MJO
events that exhibit the maximum intensity over
the Indian Ocean, enhancing onset and propaga-
tion signals around the region. The MJO events
selected in this way are independent and all com-
posites are centered in time around the day on
which the box-averaged OLR is at a minimum.
To distinguish significant signals, a student t-test
is applied to the composite fields. Preliminary
tests show that a reasonable change in OLR
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threshold and base domain does not significantly
change the main results.

The time series averaged over the above Indian
base region for OLR and LLMC anomalies are
used to construct scatter diagrams that show ex-
plicit relationships among the intensity of MJO
convection and magnitude of LLMC, and life
span of the MJO. For the scatter diagrams, whole
time series are considered so MJO events of
moderate and strong amplitudes are selected.
And to evaluate statistical significance, we ap-

plied a Monte Carlo test as well as a t-test.
The former is simulated with 2000 number of
trials by scrambling the time series with random
number generator and calculating correlation
coefficients. The resulting standard deviation
(�) of correlation coefficients provides a critical
limit of the null hypothesis of zero correlation.
In this study, significance is assessed relative
to 95% confidence level corresponding �1.96�
levels.

4. Results

4.1 Onset of the MJO

Figure 2 shows the 5� N–5� S – averaged longi-
tude-time lag composite plots of OLR and other
variables for boreal winter season. Again zero
time lag represents the time when the convective
activity in the Indian Ocean base region under-
goes the maximum intensity. OLR exhibits the
dominant eastward propagation and all other
variables also propagate eastward in conjunction
with OLR. The appearance of the region of en-
hanced convection around 50�–65� E at day �15
signifies the beginning of the new cycle of MJO
convection. The MJO convection tends to linger
for a few days near the maritime continent and
redevelops over the western Pacific Ocean. It
eventually disappears over the colder SST region
of the Western Hemisphere. SLP appears to be
strongly coupled with MJO convective forcing
over the Indian Ocean but its eastward propaga-
tion occurs faster than OLR. It is noticed that
negative SLP anomaly arrives at 60� E at day
�22, a week earlier than the onset of the MJO
convection. More detailed behavior of the SLP
propagation will be discussed later.

In Fig. 2b, LLMC appears to lead the OLR
by 3–10 days throughout the cycle. At 60� E in
the Indian Ocean, LLMC preconditions about 3–
5 days before the onset process begins. A careful
examination of 1000-hPa specific humidity field
(Fig. 2c) reveals that the positive moisture anom-

1

Fig. 2. Longitude-time composite plots of the 5� S–5� N-averaged 20–100-day bandpass-filtered OLR (W m�2; colors) and
atmospheric variables (contours) during the extended northern winter. (a) SLP (interval 12 Pa), (b) LLMC (interval 1 kg m�2

day�1), (c) 1000-hPa specific humidity (interval 0.0001 kg kg�1), (d) 1000-hPa moist static energy (interval 200 J kg�1), (e)
1000-hPa zonal winds (interval of 0.2 m s�1), and (f) latent heat flux (interval 4 W m�2; positive upward represents evaporative
cooling of the surface). All contours except zero lines and all colors are statistically significant at the 95% confidence level

Fig. 1. Compositing procedure: (a) location of Indian base
region used to form the composites, where OLR (W m�2)
anomalies are averaged; (b) example of event selection
showing the time series of averaged OLR anomalies for
Dec 1992–Mar 1992. The OLR anomalies have been band-
passed through Lanczos filter to give 20–100-day varia-
tions. The dotted line denotes the OLR intensity threshold
(�20 W m�2) for boreal winter season. In this period, three
distinct MJO events are selected. The composite is centered
in time around the day on which the box-averaged OLR
anomaly reaches its minimum value
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alies develop near 60� E a few days earlier than
the negative OLR anomaly. Likewise, moist stat-
ic energy (Fig. 2d) also precedes the appearance
of the active phase of MJO convection since spe-
cific humidity contributes most to the variation of
moist static stability (h) as in Kemball-Cook and
Weare (2001). In the 1000-hPa zonal wind field
(Fig. 2e), easterly winds develop over the Indian
Ocean, affecting the onset process at day �15
(see also Fig. 3c). Once MJO convection devel-
oped, westerly zonal wind anomaly develops in
the Indian Ocean. The progression of latent heat
flux (Fig. 2f) is very closely related to the zonal
wind field. Because climatological zonal winds
over the warm pools are westerlies (not shown),

easterly wind anomalies tend to reduce evapora-
tion and westerly anomalies to enhance evapora-
tion. From this, moisture required to increase
static energy and generate a new cycle of MJO
convection does not come from the latent heat
flux variation but from the advective process. In-
stead, the latent heat flux variation follows the
moisture variation as consistent with the result
of Weare (2003).

The spatial structures for the variables associ-
ated with MJO onset are presented in Fig. 3. At
day �15, negative SLP anomalies over the Indian
Ocean clearly exhibit Kelvin wave signature
(Fig. 3a). The downstream bulge propagates into
the region of the reduced convection. To the east

Fig. 3. Composite plots at day �15 for bandpass-filtered OLR (colored) and (a) SLP, (b) LLMC, (c) 1000-hPa horizontal
wind vectors, and (d) latent heat flux anomalies during the extended northern winter
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of the enhanced convection (�85� E), Rossby
waves are also seen in the off-equatorial regions
in relation to the dynamical response to the
suppressed convection. The pressure distribution
produced by the Kelvin wave surge and Rossby
wave response leads to the formation of easterly
wind anomalies, which appear over the entire
tropical Indian Ocean (Fig. 3c). Figure 3b shows
that low-level moisture convergence over the
Indian Ocean leads the convection by about 20�–
30� longitude. This moisture convergence is re-
lated to the low-level wind variation as in Fig. 3c,
which shows strong easterly zonal wind signal
and equatorward converging wind over the entire
Indian Ocean. So both the frictional zonal wind
convergence and equatorward meridional wind
convergence lead to the convergence of moisture.
As stated above, the climatological circulation in
the warm Indian Ocean is westerlies so that east-
erly anomaly induces the downward negative la-
tent heat flux (Fig. 3d). The reduced evaporation
is also evident near 100� E, in the western part
of the suppressed convection. Hence, the onset
occurs in a westerly basic state, with the easterly
anomaly associated with the appearance of the
negative SLP anomaly and lower-tropospheric
trailing anticyclones of the Rossby wave re-
sponse (e.g. Matthews 2000; Seo and Kim 2003;
Sperber 2003; Seo et al. 2005).

The results show the importance of SLP prop-
agation and pressure distribution and thereby
LLMC during the onset phase of MJO convec-
tion for strong MJO events. If LLMC is indeed a
major factor for the development of MJO con-
vection, then strong LLMC should induce intense
MJO convection over the Indian Ocean. To inves-
tigate this in a more explicit way, the time series
of LLMC and OLR anomalies averaged over the
Indian Ocean base box are extracted and all MJO
events are taken into account for entire seasons.
It is observed that OLR minima appear, in gener-
al, within 1–15 days after LLMC peaks. So the
scatter diagrams are plotted for the intensity of
the convection peak occurring 1–15 days after
the appearance of LLMC peak for winter, sum-
mer and all seasons (Fig. 4). Around 80 indepen-
dent cases are selected for each season. A gross
feature is that the intensity of MJO convection
over the Indian Ocean increases largely linearly
with the magnitude of LLMC for both winter and
summer seasons, and for whole season. The esti-

Fig. 4. Scatter diagram of LLMC anomaly (kg m�2 day�1)
and ensuing OLR anomaly (W m�2) for (a) extended winter,
(b) extended summer, and (c) extended winterþ summer.
The linear line is the best regression line for the data.
The correlation coefficient between the two variables is also
shown in the plot. The time series is extracted over the
average value over the Indian Ocean base box. Asterisk
(plus sign) denotes winter (summer) events
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mated correlation during the wintertime is 0.46.
For summertime case, the low-level moisture
convergence explains about 30% of the variance,
suggesting that the preconditioning and moisture
convergence play an important role also in the
onset of the summertime intraseasonal oscillation
over the Indian Ocean. Both the t-test and Monte
Carlo test for the linear regression show that these
relationships for both winter and summer and
whole seasons are statistically significant at the
95% level [critical correlations for t-test (Monte
Carlo) are 0.22 (0.23) for winter and summer and
0.16 (0.16) for all seasons]. It should be men-
tioned that several previous studies have showed
the LLMC preceding the occurrence of strong
convection in the Indian Ocean (e.g. Jones and
Weare 1996; Kemball-Cook and Weare 2001;
Seo and Kim 2003), but this study presents the
more detailed spatial feature during the onset of
the MJO. In particular, the relationship between
the preceding LLMC magnitude and the intensity
of ensuing MJO convection has been presented in
an explicit manner. This information can be used
for improving prediction skill of the MJO from
dynamical and empirical forecast models.

4.2 Life span of the MJO

The relationships between the intensity and life
span of MJO convection for northern extended
winter, summer and all seasons are shown in
Fig. 5. The life span of MJO convection is esti-
mated as a time interval between two successive
minima of the OLR time series averaged over the
Indian Ocean base box. The diagram includes
only enhanced convection events and the basic
property for suppressed convection events is
nearly identical to the enhanced convection
events. It is evident that the life span of individ-
ual events is approximately linearly proportional
to the magnitude of OLR anomalies over the
Indian Ocean during both seasons. But northern
winter season has a higher degree of linear ap-
proximation (more than 1.5 times the summer-
time correlation) presumably due to stronger
eastward propagating MJO signals in boreal win-
tertime. It explains about 34% of the variance of
the enhanced convection strength over the Indian
Ocean. Also it shows a steeper slope of regres-
sion line than the summer counterpart. The can-
didate reasons for this difference may include the
complex propagation and rather weaker convec-

tion signal associated with the boreal summer
intraseasonal oscillation. For the whole seasons,
the correlation coefficient between the current

Fig. 5. Scatter diagram between the intensity and period of
OLR anomalies for (a) extended winter, (b) extended sum-
mer, and (c) extended winterþ summer. The linear line is
the best regression line for the data. The correlation coeffi-
cient between the two variables is also shown in the plot.
Asterisk (plus sign) denotes winter (summer) events
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MJO strength and life span is �0.5. Importantly,
the slopes of the regression lines are all signifi-
cantly different from zero at the 95% confidence
level measured by the t and Monte Carlo tests.
That is, intense convection events over the Indian
Ocean tend to give rise to a longer period of the
cycle, whereas weak convection events there are
likely to result in a shorter cycle of the MJO. This
relationship also holds in the separate seasons.

To examine a possible reason for this signif-
icant relationship, we speculate that this is reg-
ulated in part through the coupling process
between the MJO convection and the large-scale
circulation. For this, the composites of convec-
tion and SLP for strong MJO events (Fig. 6a;
which is copied from Fig. 2a) are compared to
the weak events (Fig. 6b) defined as cases with
the box-averaged OLR�j�10 W m�2j over the
Indian Ocean. Fig. 6a (same as Fig. 2a) shows
two-regime structures in the propagation of SLP.
In the warm pool regions where the circulation is
strongly coupled with convection, the SLP signal
propagate at about the same speed of �4 m s�1 as
the convection and the wave is characterized by
smaller equivalent depths (Wheeler et al. 2000),
but in the Western Hemisphere, the SLP decou-
ples from the weakening convection, propagating
as a free Kelvin wave with much faster phase

speed of �19 m s�1 (see also Hendon and Salby
1994). The mean period based on the reappear-
ance of enhanced convections or suppressed con-
vection in the Indian Ocean is �45 days.

The composite plot for weak MJO convection
events during the northern winter is shown in
Fig. 6b. The 24 independent events are selected.
In this case, the MJO convection shows much
smaller longitudinal displacement compared to
the strong case and decays very fast, resulting
in the period of �33 days for MJO convection.
With this short life span, SLP also propagates
faster than the strong case. The propagation
speed of SLP over the warm pool waters amounts
to �14 m s�1, more than three times the speed
of SLP for the strong case. In the Western Hemi-
sphere, there appears the convection free region
and SLP propagates at a speed of �42 m s�1,
twice as fast as it does in the development region
of MJO convection. In fact, this faster propaga-
tion resembles the characteristics of the convec-
tively coupled equatorial Kelvin wave presented
in Wheeler et al. (2000). Such a similar propaga-
tion speed appears because according to their
plot of wavenumber-frequency spectra for OLR
and theoretically derived equatorial wave disper-
sion curves, a portion of MJO variance overlaps
the region of the convectively coupled Kelvin

Fig. 6. Longitude-time composite plot of the 5� S–5� N-averaged bandpass-filtered OLR (W m�2; color) and SLP (contoured
at intervals of 12 Pa) for (a) strong, and (b) weak convection events during the northern extended winter. Thick lines denote
the approximate propagation speed of SLP
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wave at its longer period. Figure 6 also shows
that MJO events that have more negative OLR
last longer and exhibit greater longitudinal dis-
placements, being consistent with the recent
work of Jones et al. (2004; their Fig. 7). The
strong and weak composites (using OLR�
j�15 W m�2j and OLR�j�10 W m�2j, respec-
tively) during the summer season (not shown)
provide remarkably identical pictures for the evo-
lution of OLR and SLP to the winter counterparts.

This dependence of MJO life span on SLP
propagation indicates that when MJO convection
is weak, the convective constraint on the prop-
agation of the large-scale circulation becomes
weak. Accordingly, SLP propagates east much
faster than that of stronger events, and hence,
resulting in a short cycle. Therefore, the life span
of the MJO is set by the time needed for SLP
anomaly to travel east as a convectively coupled
signal over the warm pools, and to propagate as a
dry free Kelvin wave.

5. Summary

Onset mechanism of the MJO and dynamical
coupling structures between MJO convection
and large-scale circulation are investigated using
the composite analysis and scatter diagrams for
the 21 years of the daily reanalysis and OLR
data. It is seen that over the Indian Ocean, low-
level moisture convergence (LLMC) precondi-
tions about 3–5 days before onset convection
develops. The increase in the LLMC and moist
static energy is induced by easterly wind anom-
alies and equatorward converging meridional
wind anomalies so the frictional wave-CISK
mechanism is operative during the onset of the
new MJO event. There exists a statistically sig-
nificant relationship between the intensity of
OLR and LLMC, indicating that stronger LLMC
tends to induce more intense MJO convection
over the Indian Ocean. It should be noted that
the relationship between the LLMC and convec-
tion intensity can improve the forecast skill of the
MJO over the Indian Ocean during the onset
stage from dynamical and statistical models since
the forecast skill of weak or null initial condition
has been shown to be significantly smaller than
the strong initial conditions (e.g. Seo et al. 2005).

An important finding from the time series of
OLR averaged over the Indian Ocean is that the
intense convection events there tend to give rise
to a longer cycle of the MJO, whereas the weak
convection events result in a shorter period of the
cycle. It is speculated that this statistically signif-
icant relation is mainly from dynamical coupling
between MJO convection and propagating large-
scale low-level circulation. To show this, the
composites for OLR and SLP anomalies are con-
structed for strong and weak MJO events. The
result indicates that the propagation speed of
SLP for weak convection events is more than
twice the SLP speed for the strong cases. When
MJO convection is weak, convective coupling
with the large-scale circulation is weak so that
the circulation propagates as a free Kelvin wave
much faster than the stronger convection events.

The Madden–Julian oscillation is an oscillation
in intensity and period. An interesting example
exhibiting the above-mentioned characteristics is
shown in the evolution of equatorial OLR anom-
alies during 1996=97 winter season (Fig. 7). This
displays 1) slower (faster) propagation for stron-

Fig. 7. Propagation of OLR anomalies averaged over [5� S–
5� N] during 1996=97 winter. Enhanced convection (negative
OLR) regions are shaded. Solid lines denote the approxi-
mate propagation of OLR anomalies for strong (thick) and
weak (thin) events
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ger (weaker) event, 2) longer (shorter) period
for stronger (weaker) event, and 3) greater (less)
longitudinal displacement for stronger (weaker)
event.

Currently, most general circulation models
(GCMs) have a difficulty in producing longitudi-
nal propagation across the Maritime Continent
for the MJO. Although a recent study suggests
that poor representation of the Maritime Conti-
nent in GCMs may inhibit MJO events traveling
out into the west Pacific (Inness and Slingo
2006), it seems that other factors including back-
ground vertical wind shear and convective param-
eterization also play a role. Correct longitudinal
displacements across this region may provide a
chance to examine whether atmospheric and cou-
pled GCMs properly simulate the propagation of
low-level circulation forced by MJO convective
heating and dynamical coupling between MJO
convection and circulation. The failure of this
will cause incorrect MJO onset and propagation
process and its period.
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