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The Madden-Julian Oscillation



Climate variability timescales

• Days to a week (weather)

• Weeks to months (subseasonal)

• Seasons to years

(seasonal, interannual, decadal)

Madden-Julian Oscillation



The Madden-Julian Oscillation (MJO)

Major fluctuation in tropical weather on weekly to monthly (subseasonal) timescales

Discovered in 1971 (Kiribati) and 1972 (incl. Nauru), an eastward moving ‘pulse’ of 

cloud and rainfall near the equator, thousands of kilometres across

Events recur about every 30 to 80 days

Phases 1 to 8 track the eastward movement of cloud and wind anomalies

Eastward moving cloud and rainfall

MJO phases 2 & 3 MJO phases 4 & 5 MJO phases 6 & 7



The MJO cycle
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Insert presentation title, do not remove CSIRO from start of footer

MJO monitoring bom.gov.au/climate/mjo
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http://www.bom.gov.au/climate/mjo/
http://www.bom.gov.au/climate/mjo/


We can compute what 

the "average" MJO 

looks like (example 

shown for Dec-Feb)

Approximately 6 days per 

phase

A typical MJO event bom.gov.au/climate/mjo
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Less clouds 

& rainfall

More clouds 

& rainfall

http://www.bom.gov.au/climate/mjo/


MJO influence on wet season rainfall for Australia

Convective MJO phases 4-7

Suppressed MJO phases 8 & 1-3

Positive OLR: 

sunnier / drier 

(breaks)

Negative OLR: 

cloudier / wetter 

(bursts)

Outgoing longwave 

radiation (OLR)

Dec-Feb, 1981-2010
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MJO influence on wet season rainfall for Papua New Guinea

• 40% difference in Fly River rainfall rate between wet and dry MJO

• Fly River levels respond strongly to MJO rainfall

Nov-Apr, 1998-2008
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Convective MJO phases 5-7

Suppressed MJO phases 1-3 Phase 1 OLR 

(avg.)

Phase 6 OLR 

(avg.)

MJO influence on wet season rainfall for Pacific Island countries
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http://www.bom.gov.au/climate/mjo/#tabs=Regional-cloudiness
http://www.bom.gov.au/climate/mjo/#tabs=Regional-cloudiness


MJO influence on tropical cyclone activity

Nov-Apr, 1974-2003

Also TC Yasi 
Jan-Feb 2011

Also TC Larry 
Mar 2006

Also TCs Pam 
(Mar 2015), Ana 
(Jan 2021) and 

Seroja
(Apr 2021)



MJO influence on TC activity in Fiji, Samoa and Tonga

• Five times more TCs during active MJO phase than during inactive

• Cyclone category occurrences are increased with MJO convection

• MJO modulation is further strengthened during El Niño periods

Daily genesis rates (DGR): ratio of TC number to the number of MJO days in each phase (Nov-Apr, 1970-2005)

All years

4 TCs

26 TCs
DGR increase factor 1.6
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MJO influence on TC activity in Solomon Islands

• TC genesis occurs most frequently in MJO phases 6-8

• Influenced by strong upper level divergence and lower level vorticity

• TC genesis occurs least frequently in MJO phase 5 (weak vorticity)

Daily genesis rates (DGR): ratio of TC number to the number of MJO days in each phase (Nov-Apr, 1986-2015)
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MJO influence on TC Ana in Fiji

• MJO stalled in phases 6 and 7, late Jan to early Feb 2021
Rainfall rates (blue/yellow), rainfall accumulations (green) and cloudiness (white/grey)

Also affected: Vanuatu and Solomon Islands



MJO influence on TC Pam in Vanuatu

• TC Pam hit Vanuatu at a devastating 250 km/h on 13 March 2015

• Four TCs occurred together in one week – a rare event

• Occurred with the strongest MJO on record (ph 6-7) at El Niño onset…

TC PAM (Cat 5) was connected to three other major TCs in association with a record strong MJO

Also affected: Fiji, Tuvalu, Solomon Islands, Kiribati, Papua New Guinea



• Record MJO event of March 2015 promoted by the developing El Nino

• Sensitivity experiments:

Observed SSTa

Scrambled ocean SSTa

Observed MJO

Control forecast MJO

Scrambled ocean MJO

MJO growth increased by 20 %
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MJO relationship to ENSO a two-way feedback



MJO relationship to ENSO a two-way feedback

• MJO westerlies and oceanic Kelvin waves may contribute to El Niño

• MJO activity extends eastward along with the edge of the warm pool

Courtesy of M 
Wheeler

zonal stress (0.15Nm-2) & D20’ SST (1degC) & SST’

Successive MJO events: westerlies and Kelvin waves warm east Pacific & expand warm pool, convection into east Pacific

MJO-OLR’ (5Wm-2) & OLR’

Sep 2015

Mar 2015

Nov 2014

Jan 2015

May 2015

Jul 2015

Sep 2014
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MJO relationship to ENSO a two-way feedback

SST MJO-OLR variance MJO-Usfc variance

2015 reminiscent of historical MJO-ENSO relationship:

Enhanced western Pacific MJO in autumn precedes El Niño development



Strong El Niño events Weak El Niño eventsEnhanced MJO activity (bold 
contours) shifts eastward as 

warm pool expands

Enhanced MJO activity at the 
onset precedes the 

development of strong El Niño 
events but not weak events

An increase in the amount of MJO activity leads to stronger ENSO warming, 
which then feeds back to enhance MJO activity during peak warming
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in the Bureau's 2005 atmosphere (BAM3) – ocean (ACOM2) coupled model
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MJO relationship to ENSO a two-way feedback



MJO influence on significant ocean wave height
(Average height of the highest third of ocean waves)

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Phase 6

Phase 7

Phase 8
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Wave height variations 
of up to 0.5 m



Climate prediction timescales

Month 1 Month 2 Month 3 Month 4 Month 5

ENSOMJOTropical cyclones and 

wet season rainfall



MJO prediction timescales

• ACCESS-S produces skilful MJO forecasts out to 32 days lead time in SON

ACCESS-S2 RMM bivariate correlation skill (1981-2018)

SON: 32d
DJF: 26d

MAM: 25d
JJA: 28 d
ALL: 27 d



MJO prediction timescales
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• The MJO is stronger with higher predictability during EQBO than during WQBO

RMM bivariate correlation skill in DJF: relationship to the Quasi-Biennial Oscillation easterly (EQBO) and westerly (WQBO) phases



MJO prediction at the Bureau bom.gov.au/climate

http://www.bom.gov.au/climate
http://www.bom.gov.au/climate/
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Take-home points

- MJO: largest mode of subseasonal variability in the tropics with period 30-80 days

- RMM index phases 1 to 8 track its eastward propagation around the globe

- MJO is a major driver of climate variations for Pacific Island countries, including

o Wet season rainfall

o Tropical cyclone activity

o Modulating ENSO activity (a two-way feedback)

o Ocean wave conditions

- MJO is a valuable source of subseasonal predictability of these climate variations

o Skill extends out to about a month in ACCESS-S2 (varies by season)

o Is improved by about a week during EQBO, compared to WQBO

o Subscribe to Bureau of Meteorology tropical climate updates at bom.gov.au/climate/ahead

bom.gov.au/climate/ahead

