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Introduction

One region particularly susceptible to enhanced
convective activity during the Madden Julian
Oscillation (MJO) active phase is the Maritime
Continent (Inness and Slingo, 2006). As the ascending
branch of the MJO envelope reaches the Maritime
Continent (MC), the convective signal sometimes
propagates eastward through the MC and reaches the
Western Pacific Ocean in a propagating event (Fig. 4).
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Conclusions
Initially active MJO events are more likely to propagate entirely across the MC (case 1) from
September through May, but have nearly equal probability of weakening from active to inactive
(case 4) from June through August. Conversely, initially inactive MJO events are much more likely
to remain inactive (case 3) from December through May, and marginally more likely to become
active (case 2) from June through November.
Entirely propagating (case 1) MJO events moved through the MC with significant specific humidity
anomalies coupled with a geopotential height ridge-trough. Strengthening MJO event (case 2)
anomalies did not significantly develop until day 0, and were characterized by a positive stationary
specific humidity anomaly over the MC from day -15 to day 0. Entirely non-propagating (case 3)
events lacked major humidity or geopotential height anomalies, and weakening MJO events (case 4)
had lower specific humidity and geopotential height anomalies than entirely propagating events.
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Case 1: Positive specific humidity anomalies and a geopotential height coupled ridge-trough as the
active envelope of the MJO approached and propagated entirely across the MC.
Specific humidity contours in case 1 (Fig. 8) indicate well-defined active and suppressed envelopes
(positive and negative surface specific humidity anomalies, respectively) associated with the MJO by
day -8. These envelopes propagated eastward, and the active envelope signature weakened but
propagated entirely across the MC by day 15. Geopotential heights also developed significant positive
and negative anomalies above 300 hPa (indicating active and suppressed envelopes, respectively) by day
-8, and the anomalies propagated eastward as a coupled trough-ridge across the MC.

Case 2: MJO strengthening from inactive to active
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Relative frequencies of MJO propagating and nonpropagating events are highly dependent on season
(Fig. 6):
• From September through May, case 1 events
consist of approximately 50% of all MJO
events (twice the number of case 4 events)
• From June through August), case 1 event
frequency is cut in half
• Corresponds to an uptick in case 2 events
• During those months, case 1 and 4 events have
similar relative frequencies (much less
confidence in MJO propagation or nonpropagation giving an initially active event)
• From December through May, there are two or
more times as many case 3 events as case 2
events
• From June through November, case 2 events are
marginally more frequent than case 3 events
• During this time, initially inactive MJO events
are more likely than not to become active as
they approach and cross the MC.
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Figure 7: Climatological (1980-2015) percent chance of MJO
propagation given RMM index amplitude at MJO phase 4
entrance.
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Case 2: A positive static specific humidity anomaly sits over the MC, merging with the MJO active
envelope signature around day 0.
By day -8 the lower specific humidity anomaly associated with the case 2 active envelope (Fig. 9)
interacted with a stationary positive anomaly over the MC, generating a larger specific humidity
anomaly which propagated over the MC. Positive geopotential height anomalies above 300 hPa did not
significantly develop until closer to day 0 and had smaller magnitudes than case 1.
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Figure 10: Contours of specific humidity anomalies (filled contours) and geopotential height anomalies (unfilled contours, positive
anomalies represented by solid lines and negative by dashed lines) averaged from 10 °S to 10 ° N for MJO propagation case 1. Day 0
represents the first day of the MJO event in phase 4, and the black bar denotes the MC.

Case 3: Specific humidity anomalies are largely negative and geopotential heights do not exhibit
major anomalies.
A dry specific humidity anomaly propagated eastward for all days except day 0 (Fig. 10), which
exhibited minor positive anomalies. Geopotential height anomalies were near zero until day 8 when a
positive anomaly developed over 180°W.

Case 4: MJO weakening from active to inactive

Figure 6: Climatological (1980-2015) percent chance
by season of an MJO event being classified as each of
the four cases or deemed too chaotic for accurate
classification.

There are significant variations in climatological factors between MJO propagation cases, and a
strong dependence on seasonal variability in determining MJO propagation frequency. Further
research is planned to better analyze and understand these trends.
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Figure 9: Contours of specific humidity anomalies (filled contours) and geopotential height anomalies (unfilled contours, positive
anomalies represented by solid lines and negative by dashed lines) averaged from 10 °S to 10 ° N for MJO propagation case 1. Day 0
represents the first day of the MJO event in phase 4, and the black bar denotes the MC.

MJO Climatology

Figure 4: Vertical-longitudinal schematic of MJO
propagating and non-propagating events. Maritime Continent
denoted by green bar.
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Figure 5: MJO phase 4-5 propagation
events from 1980-2015 categorized into
four cases by phase 4 and 5 RMM
amplitudes.

anomalies for each geographic phase.
Figure from www.climate.gov

However, the convective envelope may also
decouple from zonal wind anomalies and
weaken over the MC, not reaching the Western
Pacific Ocean in a non-propagating event (Li
and
Feng,
2015).
Physical
processes
surrounding MJO propagation and nonpropagation across the MC are currently the
subject of several in-depth studies.
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Figure 3: MJO-associated rainfall
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Figure 8: Contours of specific humidity anomalies (filled contours) and geopotential height anomalies (unfilled contours, positive
anomalies represented by solid lines and negative by dashed lines) averaged from 10 °S to 10 ° N for MJO propagation case 1. Day 0
represents the first day of the MJO event in phase 4, and the black bar denotes the MC.
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convective activity typical of the MJO. 2014 NOAA
graphic by Fiona Martin.

The MJO circulation is comprised of upward motion on
the western edge and downward motion on the eastern
edge, and those updrafts and downdrafts are connected
by winds toward the east aloft and toward the west at
the surface (Fig. 2). The region of upward motion (the
“active envelope”) is characterized by above-normal
thunderstorm activity (a result of the strong upward
vertical motion), and this region of enhanced
convective
activity
results
in
above-normal
precipitation and wind speeds. The region of downward
motion (the “suppressed envelope”) is characterized by
below normal precipitation and cloud cover due to
MJO-induced sinking motion, or subsidence (Sperber
2003). In order to better observe and predict the MJO,
it is classified as one of eight phases at any given time
based on its geographic location (Fig. 3).

RMM 1

Figure 2: Atmospheric circulation and resultant

Figure 1: Positioning of the MJO in the major
atmospheric temporal and spatial scales
(adapted from Montcrieff et al. 2007).

Four cases (Fig. 5) were defined based on MJO activity over the MC. The Wheeler-Hendon
Realtime Multivariate (RMM) MJO Index was used to categorize MJO events based on location
and strength. Climatological values of specific humidity and geopotential heights from the ERAInterim Reanalysis were compared for propagating and non-propagating MJO events at 0000 UTC
for the full year from 1980-2015. Reanalysis data were smoothed (using a five day running mean)
to suppress very high frequency variations. Standard anomalies were calculated relative to the
1980-2015 average for the month corresponding to the start date of each MJO event, and divided
by the standard deviation of the 1980-2015 monthly average (indicated in Eq. 1, where Φ is the
parameter analyzed). Start and end dates were calculated as the date the MJO entered phases 4 and
6 respectively. In addition, relative overall and seasonal frequencies of each of the four cases were
calculated and analyzed.
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The Madden-Julian Oscillation (MJO, Madden and Julian
1971) is the leading intraseasonal mode of atmospheric
climate variability (Fig. 1). The MJO consists of a broad
circulation cell approximately 1,000 km in horizontal extent
(Madden and Julian 1994) that propagates eastward along the
equator circumnavigating the globe in the tropics (Zhang
2005) over a period of approximately 30 to 60 days.

Standard Anomalies

There is a distinct relationship between initial
MJO amplitude and likelihood of propagation
(Fig. 7):
• Propagation only 40% likely given initial
MJO amplitudes less than 0.5
• Chance of successful propagation increases
to nearly 80% for initial amplitudes ranging
from 1.5 to 2.5, 100% for larger amplitudes
• Because the largest initial case 4
(weakening from active to active)
amplitude was 2.34.
• To contrast, the lowest amplitude for an
inactive MJO which became active over the
MC (case 2) was 0.29

Day -15

-2

Day -8

-1

Day 0

0

Day 15

Day 8

1

2

Figure 11: Contours of specific humidity anomalies (filled contours) and geopotential height anomalies (unfilled contours, positive
anomalies represented by solid lines and negative by dashed lines) averaged from 10 °S to 10 ° N for MJO propagation case 1. Day 0
represents the first day of the MJO event in phase 4, and the black bar denotes the MC.

Case 4: More negative specific humidity anomalies, and geopotential height anomalies are
apparent through day 0.
The case 4 positive specific humidity anomaly (Fig. 11) was less well-defined than in case 1 through
day 0. By day 0, the negative anomaly east of the active envelope dissipated, and the positive humidity
anomaly weakened. Positive geopotential height anomalies linked to the MJO active envelope are also
weaker.

