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The importance of the Australian summer 
monsoon (AUSM)
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Mining accounts for ~10% 
employment (iron ore, coal, 

phosphate)

15 million head of cattle
in northern Australia



Australian summer monsoon
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1979-2002 mean conditions from NCEP/NCAR Reanalysis Monsoon 
onset occurs 
over Darwin 
in December

Monsoon 
retreat occurs 
in March or 
April

850 hPa winds & OLR
Strongest 
convection 

(ITCZ)

Monsoon shear 
line (monsoon 

trough)

Wheeler & McBride (2005)JAN

JUL

Darwin speed, direction rose



Stationary heat lows and troughs
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Monsoon trough

Pilbara 
Low

Heat lows and heat troughs are quite 
shallow, usually extending only 1-2 km 
above the surface. Typically associated 
with isolated thunderstorm activity.
Heat lows are most common just prior 
to monsoon onset.

Subtropical
Ridge



Southward shift in monsoon trough

7

Monsoon trough

During the monsoon months, the 
trough can move quite far south. The 
monsoon lows tend to be deeper and 
lead to widespread rainfall. 



AUSM definitions
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For a location (e.g., Darwin), monsoon 
defined when 5-day running mean daily 
rainfall exceeds 150% of the long-term 
daily mean (Shaik & Cleland 2010) 
 Australian Monsoon Rainfall Index

Defined as a deep layer mean westerly flow in 
the lower atmosphere (surface to 500 hPa) 
overlain by strong upper-level easterlies. Westerly 
winds need to be established for at least two 
consecutive days to be considered an active 
monsoon period (Drosdowsky 1996) 
 Deep-layer mean zonal wind

3-10 spells 
per wet season

1-6 spells 
per wet season

4 day 
average length3.3 day 

average length

Burst

Break

Burst

Break

Burst

Wheeler & McBride (2005)



The MJO and the AUSM
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The MJO can impact:
 Tropical cyclones and depressions 
 "Bursts" and "breaks" of the AUSM
 Rainfall in most parts of the tropics
 Weather outside the tropics
 The underlying ocean (e.g., accelerate 

development of ENSO event).

NOAA Climate.gov animation (M. Arcodia)



The MJO and AUSM rainfall

Insert Date via Header & Footer 10

active

active
active

suppressed

suppressed

suppressed

http://www.bom.gov.au/
climate/enso/#tabs=Tro
pics&tropics=Averages 

Active composites Suppressed composites

Dec-Feb
(1974-2021)

MJO evolution, Jan-Mar 2023

Phase 5

Phase 6

Phase 7

Phase 8

Phase 1

Phase 2

http://www.bom.gov.au/climate/enso/#tabs=Tropics&tropics=Averages
http://www.bom.gov.au/climate/enso/#tabs=Tropics&tropics=Averages
http://www.bom.gov.au/climate/enso/#tabs=Tropics&tropics=Averages


11

The MJO's been strange in the 
past two years. Is this normal or 

have there been other climate 
drivers influencing the MJO?

Which phase of the MJO might 
bring me rainfall in the Gascoyne 
(West Australia)?

• Our customers (e.g., graziers) 
are really interested in "better 
understanding what drives their 
weather"

• They want to know what causes 
extreme conditions (usually 
floods or severe wet seasons). 

Customer engagement 



Monitoring the MJO at the Bureau
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The Bureau of Meteorology updated its MJO monitoring maps in 2022 at the 
request of the northern beef community (average conditions for 1974-2021).Rainfall

Tmax, Tmin

OLR

Z500

Cowan et al. 2023; Marshall et al. 2023

new

new



Tropical atmospheric waves
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MJO
(30-60 d)

Kelvin
(12-25 m/s)

2-3x faster than MJO

Eq. Rossby
(5-7 m/s)

Precursor to TCs

Mix of analysis (bright colours) and forecasts (dull colours) from ACCESS-S2

http://www.bom.gov.au/climate/enso/#tabs=Tropics&tropics=MJO-forecast 

http://www.bom.gov.au/climate/enso/#tabs=Tropics&tropics=MJO-forecast


Why atmospheric waves matter
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MJO forecast

ER wave forecast

23-24 February 2023



Northern rainfall onset (NRO)

Daily forecasts from 
late May to late
August 2023

Monitoring
2023/24 NRO

http://www.bom.gov.au/climate/rainfall-onset/#tabs=Outlook 

The NRO is defined as the date when rainfall over a 
location accumulates 50 mm rain after 1 September. It is 
a proxy for pasture growth. 
The Bureau issue five forecasts (per year) from June to 
August, showing the chance of early onset.

Early or later
than usual?

http://www.bom.gov.au/climate/rainfall-onset/#tabs=Outlook


3-day rainfall burst product
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Dr Chelsea Jarvis (UniSQ) presenting @ Beef2021 in May 2021

'Three Day Burst' outlook maps for upcoming 
weeks (do not provide months/seasons outlook)

http://www.bom.gov.au/climate/outlooks/#/rainfall/burst/25/weekly/0 

http://www.bom.gov.au/climate/outlooks/#/rainfall/burst/25/weekly/0


Providing a service for the Pacific
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99-member probabilistic 
ACCESS-S2 forecast



Failed wet seasons
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Northern Territory received < 50 mm from Feb-Apr 2022 
(usually receives ~150-300 mm)

Hunga Tonga-Hunga Ha'apai volcano 
erupted on 15 January 2022, produced a 
significant water vapor cloud, circling 
the globe every 18 days

Forecast for Feb-Apr 2022 (10 Jan init.)



AUSM challenges: prediction
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• Somewhat poor skill in predicting AUSM rainfall. 

• Skill in predicting the MJO has improved, however 
issues remain in the model depiction of MJO's 
convective phases as they shift south over Aust. 

• Messaging to customers (expectation vs 
outcome)
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