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Abstract This paper investigates the processes and mecha-
nisms by which the East Asian winter monsoon (EAWM)
affects the Madden-Julian oscillation (MJO) over the equato-
rial western Pacific in boreal winter (November–April). The
results show that both the EAWM and MJO over the equato-
rial western Pacific have prominent interannual and
interdecadal variabilities, and they are closely related, espe-
cially on the interannual timescales. The EAWM influences
MJO via the feedback effect of convective heating, because
the strong northerlies of EAWM can enhance the ascending
motion and lead the convection to be strengthened over the
equatorial western Pacific by reinforcing the convergence in
the lower troposphere. Daily composite analysis in the phase 4
of MJO (i.e., strong MJO convection over the Maritime
Continent and equatorial western Pacific) shows that the ki-
netic energy, outgoing longwave radiation (OLR), moisture
flux, vertical velocity, zonal wind, moist static energy, and
atmospheric stability differ greatly between strong and weak
EAWM processes over the western Pacific. The strong
EAWM causes the intensity of MJO to increase, and the east-
ward propagation of MJO to become more persistent. MJO
activities over the equatorial western Pacific have different
modes. Furthermore, these modes have differing relationships
with the EAWM, and other factors can also affect the activities

of MJO; consequently, the relationship between the MJO and
EAWM shows both interannual and interdecadal variabilities.

1 Introduction

The East Asian winter monsoon (EAWM) HuangHuangis one
of the most active atmospheric circulation systems in the bo-
real winter. It not only affects the weather and climate over the
East Asia but can also modify the variations of tropical atmo-
sphere and ocean. The EAWM also plays an important role in
the global weather and climate anomalies (Chang et al. 1979;
Chan and Li 2004; Huang et al. 2007a; Yan et al. 2009; Zhou
2011). Consequently, the EAWM is one of the most important
issues facing researchers, especially Chinese scholars, and a
good understanding of its activities and variability has been
developed. In recent years, an increasing attention has focused
on the anomalies of EAWM, such as the interaction between
the EAWM and ENSO (Li and Mu 2000; Zhou et al. 2007),
the characteristics of EAWM variability and its mechanism
(Huang et al. 2003; Wang and Ding 2006), and the relation-
ship between the EAWM and the activities of quasi-stationary
planetary wave (Chen et al. 2005; Huang et al. 2007b; Wang
et al. 2009).

Madden-Julian oscillation (MJO) first discovered by
Madden and Julian (1971, 1972) is characterized with a period
about 30–60 days. Most of the researches have shown that
MJO has a significant impact on the global weather and cli-
mate and is closely related to the anomalous weather and
climate in many areas (Madden and Julian 1994; Zhang
2005, 2013; Li et al. 2014). For example, MJO activities in
boreal summer are directly related to the outbreak and inter-
ruption of the East Asian summer monsoon and its precipita-
tion (Yang and Li 2003; Zhou and Chan 2005; Lü et al. 2012).
MJO activities are also closely related to the ENSO cycle. The
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MJO over the equatorial western Pacific strengthens signifi-
cantly in the winter and spring prior to El Niño occurrence but
decreases rapidly during the mature stage of El Niño (Li and
Zhou 1994; Zhang and Gottschalck 2002; Hendon et al.
2007). Furthermore, the MJO also influences the formation
and activities of the typhoon over the western Pacific (Zhu
et al. 2004; Pan et al. 2010; Li et al. 2012, Li and Zhou
2013a, 2013b).The importance of extratropical influences on
the initiation and maintenance of the MJO has been argued
using reanalysis data and numerical analysis for a long time
(Liebmann and Hartmann 1984; Murakami 1988; Hsu et al.
1990; Ray et al. 2009, Ray and Zhang 2010; Ling et al. 2013,
2014). Wang et al. (2012) studied a case in which a northerly
surge reinforced MJO over the Indian Ocean during its initia-
tion phase and found that such subtropical cold surges are
likely to strengthen and accelerate the buildup of deep MJO
convection during the initiation phase of MJO. The latitudinal
transport of momentum from the extratropics is crucial to the
generation of westerly associated with the MJO initiation in
the lower troposphere in the tropics (Ray et al. 2009; Ray and
Zhang 2010).

Many studies have shown that the strong EAWM can en-
hance the convection over the South China Sea and tropical
western Pacific and lead to an anomalous cyclonic circulation
to the east of the Philippines (Chang et al. 1979; Ji et al. 1997).
However, the feedback effect of convective heating is one of
the main mechanisms for the initiation and maintenance of
MJO (Li 1985; Lau and Peng 1987; Li et al. 2009), which
means that the EAWM is closely related to the variation of
the MJO over the equatorial western Pacific. In the late
1980s, Li (1989) pointed out that the persistent and strong
northerly of EAWM can promote the occurrence of El Niño
event, as it can strengthen the anomalous westerly and the 30–
60 days oscillation in the atmosphere over the western Pacific
by reinforcing convection there. However, the processes and
mechanisms by which the EAWM affects the MJO over the
equatorial western Pacific remain unclear. Therefore, this study
aims to further investigate these processes and mechanisms
using reanalysis data.

The remainder of this paper is organized as follows. The
data and methods are described briefly in section 2. The rela-
tionship between the EAWM and MJO and the processes by
which the EAWM impacts the MJO are analyzed in section 3.
A further study of these influences and mechanisms in the
phase 4 of MJO is provided in section 4 using composite
analysis. Finally, the summary and discussion are provided
in section 5.

2 Data and methods

The daily mean atmospheric data are from the National
Centers for Environmental Prediction/National Center for

Atmospheric Research (NCEP/NCAR) (Kalnay et al. 1996),
including wind, relative humidity covering the period from 1
January 1948 to 31 December 2011 with a horizontal resolu-
tion of 2.5° × 2.5°. The daily mean outgoing longwave radi-
ation (OLR) data with a horizontal resolution of 2.5° × 2.5°
are from the National Oceanic and Atmospheric
Administration (NOAA) (Liebmann and Smith 1996) from 1
January 1975 to 31 December 2011. The real-time multivari-
ate MJO (RMM) index developed by Wheeler and Hendon
(2004) is from the Australian Bureau of Meteorology.

The main methods used in this study were composite and
correlation analyses. The anomalies were generated by remov-
ing the annual cycle. The MJO signal was obtained by using
the 30–60 days Lanczos bandpass filter with a 200-point win-
dow (Duchon 1979).

3 Relationship between the MJO and EAWM

3.1 Correlation of the MJO and EAWM

The strength of the EAWM can be represented by the EAWM
index. The EAWM index defined by meridional wind in the
lower troposphere can better reflect the impact of the EAWM
on the tropical atmosphere and ocean (Wang and Chen 2010).
Here, the EAWM index is defined as the meridional wind
averaged over 10°–30° N, 115°–130° E at 1000 hPa (Ji et al.
1997). Therefore, a higher/lower index value indicates a
weaker/stronger EAWM. The intensity of MJO is represented
by theMJO kinetic energy at 850 hPa (Li and Zhou 1994), and
the MJO intensity index is defined as the MJO kinetic energy
at 850 hPa averaged over the equatorial western Pacific
(10° S–10° N, 120°–150° E).

The normalized EAWM and MJO indices in boreal winter
from 1948 to 2010 (Fig. 1) clearly show the pronounced in-
terannual and interdecadal variabilities of them, as well as the
obviously out of phase variation between them. Their correla-
tion coefficient is −0.417 (exceeding the 99 % confidence
level), which indicates that a strong EAWM corresponds to a
strong MJO over the equatorial western Pacific. The interan-
nual and interdecadal timescale components of the EAWM
and MJO indices can be obtained using a 9-point Gaussian
low-pass filter. Their correlation coefficients are −0.466 (ex-
ceeding the 99% confidence level) and −0.242 (exceeding the
90 % confidence level) on interannual and interdecadal time-
scales, respectively. These results suggest that the relationship
between the MJO over the equatorial western Pacific and
EAWM on interannual timescales is much stronger than that
on interdecadal timescales.

The distribution of correlation coefficients of the 850 hPa
MJO kinetic energy with EAWM index is shown in Fig. 2.
Areas of negative correlation are concentrated in the equato-
rial western Pacific west of 160° E with high values over
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10° S–10° N, 110°–140° E. However, the MJO near the date-
line is positively correlated with the EAWM index, which
means the MJO activities there will be weakened in a strong
EAWM winter. In addition, the areas with significant correla-
tion are more prominent in the northern hemisphere, whereas
the strongest MJO activities are mainly centered in the south
of the equator during boreal winter (not shown). A probable
explanation is that the MJO over western Pacific has a variety
of activity modes, and each has a distinct relationship with the
EAWM. Therefore, the influences of the EAWM on each
mode differ (discussed below). On the other hand, the mean
intertropical convergence zone (ITCZ), South Pacific conver-
gence zone (SPCZ), and ascending branch of Hadley circula-
tion in the boreal winter are located in the southern hemi-
sphere. Thus, although a strong EAWM can enhance the as-
cending motion and convection north of the equator, the mean
background circulation also plays an important role in the
southern hemisphere, which causes the main activities center
of MJO in the southern hemisphere.

The empirical orthogonal function (EOF) decomposition
on the MJO kinetic energy at 850 hPa over western Pacific
(15° S–15° N, 115°–165° E) revealed five modes passing the
North significant test (North et al. 1982). The first three modes
account for 56.88 % of the total variance, and each mode has
its own characteristics (Fig. 3). The first mode shows the con-
sistent variation of the MJO over the equatorial western
Pacific. The second mode shows the dipole structure of
MJO activities in the meridional direction. The third mode

primarily shows the tripole structure of MJO activities over
the western Pacific.

Table 1 lists the correlation coefficients between the
EAWM index and the time series of these three modes on
different timescales. The first and third modes are closely re-
lated to the EAWM index on raw (unfiltered) and interannual
timescales. The first and third modes reflect the consistent and
tripole variations of MJO over the western Pacific, respective-
ly, which may explain why the maximum correlation region
appears in the area of 10° S–10° N, 110°–140° E (Fig. 2). The
first mode is also closely related to the EAWMon interdecadal
timescales. Thus, the relationships between the various modes
of MJO and EAWM are different, which increases the com-
plexity of the relationships between the EAWM and MJO. As
each mode has its own activities and variability characteris-
tics, the relationship between the EAWM and MJO may also
be different in different years. For example, the EAWM was
strong in 1962/63, 1970/71, and 1983/84 winters, whereas the
activities of MJO over the western Pacific were weak.
However, there are no strong MJO activities in a weak
EAWM winter. That is, there is indeed a certain relationship
between the EAWM and MJO, but the impact of the EAWM
on the MJO is asymmetric for strong and weak EAWM, and
this relationship shows interannual and interdecadal
variabilities.

Singular value decomposition (SVD) results (not shown)
of theMJO kinetic energy over the western Pacific (20° S–20°
N, 110°E–180°) and meridional wind at 850 hPa over the East

Fig. 1 The normalized MJO
(blue) and EAWM (red) indices in
boreal winter

Fig. 2 Distribution of the
correlation coefficients between
MJO kinetic energy at 850 hPa
and EAWM index. Results
passing the significant test at the
90% confidence level are stippled

Impact of East Asian winter monsoon on MJO 553



Asia (10°–40° N, 100°–150° E) in the boreal winter also show
that the meridional wind over the East Asian and its neighbor-
ing sea is closely related to the MJO over the equatorial

western Pacific. These features also suggest a close relation-
ship between the EAWM and MJO, because the strong north-
erlies at lower troposphere over East Asia in boreal winter can
represent a strong EAWM (Wang and Chen 2010).

3.2 Composite analysis in anomalous EAWM winters

The above analysis points the out-of-phase variation between
EAWM and MJO indices, from which some questions arise.
Firstly, is there a prominent difference in the activities of MJO
between strong and weak EAWMwinters? Furthermore, what
is the mechanism of the EAWM influencing the MJO? To
address these questions and discuss the influence of anoma-
lous EAWM on the activities of MJO, composite analysis was
performed on strong and weak EAWMwinters (defined as the
amplitude of EAWM index exceeding 0.7 standard deviation).
The 18 identified strong EAWM winters are 1952/53,
1962/63, 1964/65, 1967/68, 1969/70, 1970/71, 1971/72,
1973/74, 1975/76, 1976/77, 1981/82, 1983/84, 1984/85,
1985/86, 1988/89, 1995/96, 2007/08, and 2010/11; the 12
identified weak winters are 1948/49, 1951/52, 1957/58,
1965/66, 1968/69, 1972/73, 1982/83, 1991/92, 1997/98,
2002/03, 2005/06, and 2006/2007.

The horizontal distribution of composite MJO kinetic en-
ergy and its anomalies at 850 hPa in strong and weak EAWM
winters are shown in Fig. 4. In strong EAWM winters, there
are two major MJO activity centers over the western Pacific:
one is located at 0°–10° N, 120°–150° E and the other is in the
southern hemisphere (5°–15° S, 110°–150° E) with their max-
imum strength exceeding 3.0 and 4.0 m2 s−2, respectively. The
anomalous MJO kinetic energy clearly indicates that the MJO
over the western Pacific west of 140° E is enhanced in the
strong EAWM winters, whereas it is weakened over the cen-
tral Pacific (Fig. 4a). However, the activities of MJO have
almost opposite characteristics in the weak EAWM winters,
featuring reduced/strengthened over the western/central
Pacific (Fig. 4b). The activity center in the northern hemi-
sphere is weakened significantly and that in the southern
hemisphere is also reduced but not as prominently as the
northern center. Moreover, there is a new activity center west
of the dateline (10° S, 175° E), with its maximum strength
exceeding 3.0 m2 s−2. The difference of MJO between strong
and weak EAWM winters shows that the activities of MJO
over the equatorial western Pacific and near the dateline differ
significantly between strong and weak EAWMwinters, which
indicate that EAWM activities have a significant effect on the
activities of MJO over these areas.

The activities of MJO are significantly different in strong
and weak EAWM winters, but how does the EAWM affect
them? The difference of wind and divergence at 850 hPa be-
tween strong and weak EAWMwinters shows that anomalous
westerlies are over the equatorial Indian Ocean and equatorial
Pacific west of 150° E, anomalous easterlies are over the

Fig. 3 Distribution of the a first, b second, and c third EOF modes of
MJO kinetic energy (m2 s−2) at 850 hPa over the tropical western Pacific
(15° S–15° N, 115°–165° E)

Table 1 Correlation coefficients between the EAWM index and the
time series of different EOF modes on different timescales. (Results
passing the significant test at the 90, 95, and 99 % confidence level are
marked with *, **, and ***, respectively)

First Second Third

Raw data 0.244* −0.102 0.272**

Interannual timescales 0.231* −0.145 0.355***

Interdecadal timescales 0.271** 0.060 −0.059
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equatorial Pacific east of 150° E, a strong northerlies are over
the eastern China and the South China Sea, and an anomalous
cyclonic circulation is present to the east of the Philippines in
strong EAWM winters (Fig. 5a). Therefore, the convergence
over the equatorial western/eastern Pacific is strengthened/
weakened. In the upper troposphere (Fig. 5b), the anomalous
circulation and divergence patterns are almost opposite to
those at 850 hPa. The equatorial Indian Ocean and equatorial
Pacific region west of 160° E is dominated by easterlies anom-
alies, the region east of 160° E is dominated by westerlies
anomalies, and anomalous cyclonic circulation is present in
both hemispheres over the central-eastern Pacific. The equa-
torial western/eastern Pacific shows anomalous divergence/
convergence. As the strengthening of convergence, the mois-
ture flux convergence at lower troposphere over the western
Pacific is also enhanced in the strong EAWM winters
(Fig. 5c). The moisture flux convergence at lower troposphere
strengthens significantly over the western Pacific, especially in
the northern hemisphere, while it is weakened over the eastern
Pacific (Fig. 5c). The anomalous convergence/divergence in
the lower/upper troposphere leads to an anomalous ascending
motion over the equatorial eastern Indian Ocean and western
Pacific from 80° E to 160° E (Fig. 6). The convection over the
equatorial western Pacific is also strengthened during the
strong EAWM winters, as reflected by the difference of OLR
(Fig. 5d). Therefore, the activities of the MJO are enhanced
over the equatorial western Pacific, because the feedback ef-
fect of convective heating is an important mechanism for the
initiation and maintenance of MJO (Li 1985; Lau and Peng
1987; Li et al. 2009).

Based on the above analysis, the EAWM influences the
MJO over the equatorial western Pacific mainly through the
following processes. First, the northerly surge of the strong
EAWM reaches into tropics and strengthens the convection
there. Subsequently, the feedback effect of convective heating
inspires strong CISK-Rossby waves and CISK-Kelvin waves,

which strengthen the activities of MJO (Li 1985; Lau and
Peng 1987).

4 Impact of EAWM on MJO in its phase 4

The northerlies associated with the strong EAWM can en-
hance the convection over the equatorial western Pacific and
affect the activities of MJO. However, the process of EAWM
is discrete pulse-like event, and the MJO activities also have
an eastward propagation feature. Wheeler and Hendon (2004)
divided the life cycle of the MJO into eight phases according
to the location of the active convective center of MJO during
its eastward propagation. Therefore, to further study the im-
pact of EAWM on the MJO, we examined strong/weak
EAWM processes occurring in the phase 4 of the MJO, in
which the convection center of MJO almost locates in the
Maritime Continent and the equatorial western Pacific.

A 3-day running mean was firstly applied to the daily
EAWM index. The weak EAWM process is defined as the
daily EAWM index exceeding 0.8 standard deviation at least
for 3 consecutive days, whereas the strong EAWM process is
identified if daily EAWM index is smaller than −0.8 standard
deviation at least for 3 consecutive days. The first day that
exceeds 0.8 standard deviation (or smaller than −0.8 standard
deviation) is regarded as day 0 of the process. The strong/weak
EAWM processes whose onset date is between November 10
andApril 20were used for the composite, and 19 strong and 11
weak EAWM processes were identified and shown in Table 2.

The evolution of latitudinal distribution of composite
anomalous meridional wind at 850 hPa averaged over 110°–
130° E in strong and weak EAWM processes is shown in
Fig. 7. During the strong EAWM process, East Asia north of
30° N features anomalous northerlies on day −8. On day 0, the
strong northerlies of the EAWM reach into the tropics and
persist for 6 days. During the weak EAWM process, the

Fig. 4 Distribution of MJO
kinetic energy at 850 hPa
(contours, m2 s−2) and its
anomalies (color, m2 s−2) in a
strong and b weak EAWM
winters. Results passing the
significant test at the 90 %
confidence level are stippled for
anomalies
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anomalous northerlies are active over East Asia before day 0,
whereas the strong anomalous southerlies dominate the 110°–
130° E region in the tropics on day 0 and persist for 5 days.
OLR can reflect the activities of convection in the tropics and

widely be used in the studies of MJO (Wheeler and Hendon
2004; Wang et al. 2012). Negative OLR anomalies in the
phase 4 of MJO are located mainly in 20° S–20° N, 70°–
150° E (not shown), and the large values (<−12 W m−2) are

Fig. 5 Differences of horizontal
circulation (vector, m s−1) and
divergence (color, 10−6s−1) at a
850 hPa and b 200 hPa, c
moisture flux (vector,
g kg−1 m s−1) and its convergence
(color, 10−5g kg s−1) averaged
from 1000 to 700 hPa, and dOLR
(W m−2) between the strong and
weak EAWM winters. Results
passing the significant test at the
90% confidence level are stippled
for divergence, moisture flux
convergence, and OLR and
marked by black for wind and
moisture flux

Fig. 6 Differences of zonal-
vertical circulation averaged over
10° S–10° N between strong and
weak EAWM winters. Results
passing the significant test at the
90 % confidence level are marked
by black. The vertical velocity is
timed by 500
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concentrated mainly in 10° S–10° N, 80°–140° E. Figure 8a, b
shows the daily evolution of the equatorially averaged OLR
anomalies over 10° S–10° N under strong and weak EAWM
processes. There are no prominent differences in the OLR
between strong and weak EAWM processes before day 0.
However, the OLR is prominently different over Maritime
Continent and western Pacific (especially over the western
Pacific) after day 0. On the one hand, the convection is sup-
pressed after day 0 under the weak EAWM process; in con-
trast, it becomes more active under the strong EAWMprocess.
These differences are more prominent over the western
Pacific, which means that the EAWM has a stronger impact
on the convection there. The convection reaches its maximum
near day 5 in the strong EAWM process, which is consistent
with the disappearance of strong EAWM on day 5 (Fig. 7a).
On the other hand, the eastward propagation of OLR is more

persistent and prominent under the strong EAWM process; in
contrast, it is discontinued under the weak EAWM process.
The zonal wind and kinetic energy of MJO at 850 hPa also
show similar characteristics (not shown), which suggests that
the EAWM not only influence the intensity of MJO but also
impact its eastward propagation over the equatorial Pacific.

The composite results of the vertically averaged (1000–
700 hPa) moisture flux convergence averaged over 10° S–10°
N (Fig. 8c, d) clearly show that under the strong EAWM pro-
cess, the moisture flux convergence is strengthened after day 0
over the Maritime Continent and western Pacific. In contrast,
the moisture flux convergence is weakened after day 0 under
the weak EAWM process there. Further exploration shows that
the strengthening of moisture flux convergence over the west-
ern Pacific after day 0 under strong EAWM process (Fig. 8c)
mainly due to the meridional component of moisture flux con-
vergence (Fig. 8g), whereas the meridional component
(Fig. 8h) reduces the moisture flux convergence under weak
EAWM process (Fig. 8d). The zonal component of moisture
flux convergence has a contribution to the moisture flux con-
vergence around 120° E after day 0 under weak EAWM pro-
cess (Fig. 8f), but the negative anomalies of meridional compo-
nent of moisture flux convergence are stronger (Fig. 8h), which
leads to the decrease of horizontal moisture flux convergence
under weak EAWM process (Fig. 8d).

Convection is always accompanied by the ascending mo-
tion. The evolution of averaged (10° S–10° N, 120°–150° E)
anomalous vertical velocity (Fig. 9a, b) clearly shows that the
anomalous vertical velocity over the equatorial western
Pacific is dominated by descending motion before day −5,
which gradually converts into ascending motion after day −5
under strong EAWM process. This strong anomalous ascend-
ing motion can persist to day 10. However, under weak
EAWM process (Fig. 9b), the anomalous ascending motion
is weakened rapidly after day 0, although it is stronger before
day 0.

Moist static energy is a good indicator of MJO activities
and has been widely used in the studies of MJO (Kemball-
Cook andWeare 2001;Wang et al. 2012). The evolution of the
averaged (10° S–10° N, 120°–150° E) anomalous moist static
energy (Fig. 9c, d) clearly shows that it gradually increases

Table 2 Start and end time of strong and weak EAWM processes

Strong EAWM Weak EAWM

1982.01.14–1982.01.18 1984.12.13–1984.12.15

1986.02.19–1986.03.04 1992.02.13–1992.02.17

1987.01.30–1987.02.03 1994.12.05–1994.12.11

1989.04.08–1989.04.10 1995.01.19–1995.01.21

1990.03.03–1990.03.07 2000.03.02–2000.03.04

1991.04.18–1991.04.21 2003.02.06–2003.02.08

1992.02.20–1992.02.24 2003.02.26–2003.03.04

1993.04.04–1993.04.12 2003.03.29–2003.04.01

1994.03.22–1994.03.28 2003.11.15–2003.11.19

1996.01.31–1996.02.09 2004.12.01–2004.12.03

1996.04.01–1996.04.03 2005.04.05–2005.04.08

1997.02.16–1997.02.21

2000.02.24–2000.02.26

2001.04.09–2001.04.11

2001.11.12–2001.11.24

2002.11.21–2002.11.24

2004.03.04–2004.03.07

2008.02.06–2008.02.18

2009.11.16–2009.11.20

Fig. 7 Evolution of latitudinal
distributions of anomalous
meridional wind (m s−1) at
850 hPa averaged over 110°–130°
E in a strong and b weak EAWM
processes. Negative (positive) in
time coordinate indicates before
(after) the onset of EAWM.
Results passing the significant test
at the 90 % confidence level are
stippled
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after day −3 and reaches its maximum near day 5 under strong
EAWM process, which is consisted with the maximum of
anomalous northerly and OLR (Figs. 7a and 8a). Under weak
EAWM process, however, the moist static energy gradually
decreases after day 0, although it is very strong between day
−5 and day 0. A strong EAWM can clearly enhance the moist
static energy over the equatorial western Pacific, which also
reflects the strong activities of MJO under strong EAWM
process. The EAWM can also influence the stability of the
atmosphere over the western Pacific. The atmospheric insta-
bility index (Fig. 10) defined by Kemball-Cook and Weare
(2001) as the difference of moist static energy between 1000
and 500 hPa shows that the atmosphere is unstable from day 2
to day 10 under strong EAWM process, but it is almost stable
under the weak EAWMprocess. The instability of atmosphere

is favor to the activities of convection and also to the activities
of MJO.

Above analysis shows that the physical quantities, such as
MJO kinetic energy, convection, moisture flux convergence,
moist static energy, and atmospheric stability, differ signifi-
cantly between strong and weak EAWM processes. And these
differences can lead to the anomalies of MJO intensity and
propagation.

5 Summary and discussion

The activities of MJO and their anomalies are the frontier
scientific issues receiving broad attentions. The equatorial
western Pacific is one of the primary activities areas of

Fig. 8 a–h Evolution of
longitudinal distribution of
anomalous (from top to bottom)
OLR (W m−2), horizontal
moisture flux convergence
(10−5 g kg−1m s−1) averaged from
1000 to 700 hPa and its zonal and
meridional components averaged
over 10° S–10° N in (left column)
strong and (right) weak EAWM
processes. Results passing the
significant test at the 90 %
confidence level are stippled. The
two vertical dotted lines represent
the west and east boundaries of
the area used to define the EAWM
index
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MJO. This study has investigated the relationship between the
EAWM and MJO over the equatorial western Pacific using
reanalysis data, and the main conclusions are as follows:

Both the EAWM and MJO over the equatorial western
Pacific have significant interannual and interdecadal variabil-
ities, and they are related significantly, especially on the inter-
annual timescales. The processes by which the EAWM rein-
forces the MJO over the western Pacific are due to the north-
erlies associated with strong EAWM intruding into equatorial
regions and leading to a strengthened convection over the
equatorial western Pacific. Based on feedback effect of con-
vective heating, the strengthened convection can generate a
strongerMJO. The relationship between theMJO and EAWM
is unstable and shows interannual and interdecadal variabil-
ities. One possible explanation for these variabilities is that the
MJO activities over the western Pacific have different modes,
and the relationship between each mode and the EAWM
differ.

The composite analysis in the phase 4 of the MJO shows
that the MJO kinetic energy, convection, moisture flux con-
vergence, vertical velocity, zonal wind at 850 hPa, moist static
energy, atmospheric stability, and other physical quantities

over the Maritime Continent and western Pacific all differ
significantly between strong and weak EAWM processes.
The generation and evolution of these differences are directly
linked to the intrusion of strong northerlies associated with the
strong EAWM into the tropics. The strong EAWM not only
enhances the intensity of MJO over the equatorial western
Pacific but can also lead to the eastward propagation of
MJO more persistent over the equatorial Pacific.

The EAWM has a reinforcing effect on the MJO over the
Maritime Continent and equatorial western Pacific, but this
effect can also be modified by other factors, such as the influ-
ence of the southern hemisphere systems, the distribution of
anomalous convective heating profiles caused by the EAWM
and so on. Therefore, the EAWM is an important factor that
affects the activities of MJO over the Maritime Continent and
western Pacific, but it is not the only factor, which also leads to
the interannual and interdecadal variabilities in the relation-
ship between the EAWM and MJO.

Some simple numerical experiments about the EAWM ex-
citing the activities of convection over tropical western Pacific
has been done, but more numerical simulation studies for the
results revealed by this paper using a high-resolution mode
will be the following work.
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