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Forecasts for Spring 2020
NINO3.4 IOD

• La Niña and –ve IOD for 
winter and spring 2020 
were predicted since 
early April

à Wet winter and spring 
for Australia

• Strong international 
model consensus for La 
Niña and –ve IOD

2



Forecasts for Spring 2020
ACCESS-S1 forecasts 
for rainfall tercile

Other centre 
models predicted 
a wetter spring 
for us, too

In reality, about a half of the 
country didn’t receive 
excessive rainfall in spring & 
rainfall shortage was severe 
over Queensland
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Why was Australia not as wet as 
predicted?



Data

• Reynolds OI SST dataset

• Australian Water Availability Project (AWAP) rainfall analysis set

• Japanese-55 reanalysis (JRA-55) set for mean sea level pressures, zonal
winds 

• NOAA interpolated outgoing longwave radiation (OLR) dataset

for 2020 and for the climatological period of 1990-2012 when ACCESS-S1 
hindcast (retrospective forecast) climatology is available

• ACCESS-S1 real-time forecasts initialised on the 1st of July, August, 
September, October and November 2020 relative to their hindcast
climatologies of 1990-2012
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• ACCESS-S1: Australian Community Climate and Earth-System 
Simulator-Seasonal prediction system version 1

• Bureau of Meteorology’s operational sub-seasonal to seasonal 
forecast system until Oct 2021 - the UKMO atmospheric model, the 
NEMO ocean model, the JULES land surface model, the CICE sea-ice 
model

- high horizontal & vertical resolution
atmosphere ~60km horizontal grids in the midlatitudes

85 vertical levels 
ocean ~25km horizontal grids and 75 vertical levels

• Initialised with high quality observed conditions of atmosphere, 
land, and ocean (for more details, see Hudson et al. 2017 JSHESS)
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La Niña, –ve IOD & SAM in Spring 2020

• Spring mean La Niña strength was -1.3σ over the 
NINO3.4 region

• Local SSTs surrounding Australia were higher due 
to the steepening of the thermocline in the eq 
Pacific Ocean subsurface and resultant increase 
of zonal SST gradient and air-sea coupling during 
La Niña

• Hendon et al. (2014, Climate Dynamics) – higher SSTs north of Australia 
tend to induce higher rainfall over the northern part of AUS in spring

• Local SSTs north of Australia were not as warm as expected from the 
strength of La Niña 2020 & the long-term warming trend there 
- the expected estimate was twice as warm as the observed
à weaker rainfall forcing from the local SSTs in spring 2020

compared to some other La Niña years – could have been a reason for   
less spring rainfall than expected with La Nina 6



La Niña, –ve IOD & SAM in Spring 2020

• -ve IOD peaked in August and 
started decaying in spring in 2020, 
(i.e., earlier than normal) – could 
have been another reason for less 
spring rainfall than expected with 
La Nina

• Instead of a canonical –ve IOD, the 
maximum warming occurred in the 
subtropical central Indian Ocean     
à heat source for a wave 
propagation

–ve IOD
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La Niña, –ve IOD & SAM in Spring 2020
• Southern Annular Mode (SAM) was in its positive 

phase, but its zonal symmetry was disrupted by 
the wave train emanating from the subtropical 
Indian Ocean

• +ve SAM tends to bring more rainfall over 
subtropical Australia in spring & summer by 
anomalous moist onshore flow associated with 
the high pressure anomaly & enhanced upward 
motion behind a poleward shifted edge of the 
Hadley cell

• Although the SST forcing from the local SSTs and 
the Indian Ocean was weaker & +ve SAM wasn’t 
zonally symmetric, the SST conditions & +ve SAM 
should have brought excessive rainfall to AUS

–ve IOD
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Statistical prediction using multiple linear regression 
with the large-scale drivers built over 1979-2019

This statistical model suggests  AUS 
should have received much rainfall 
over most of the country

Observed conditions were 
substantially drier than the 
statistically predicted over most of 
AUS 9



Sep-Nov mean rainfall

September October November

2020 spring rainfall anomaly was dominantly caused by the extreme 
dry condition in November although September & October were also 
drier than normal over QLD and WA
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November 2020

• Rainfall received in central and eastern 
Australia was in the lowest 10% (decile1) 
category of the 120-year records for 
November

• No. of rainy days and daily maximum 
rainfall amount were significantly less over 
south eastern QLD

Anomalous SSTs in November 2020
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Madden Julian Oscillation (MJO)

MJO passed over the Indian 
Ocean to the Maritime 
Continent in November 2020
à MJO Phases 8, 1-3

November 2020
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MJO : a wind & tropical convection coupled 
atmospheric phenomenon that travels along 
the equator around the globe with a slow 
speed of ~5 m/s

à Each of the 8 phases represents 5-7 days

à Analyses for the MJO and its impact have 
been mostly done in a weekly time scale for 
each MJO phase

13Madden & Julian (1972, JAS, vol 29, 1109)



Composite maps of the impacts of the 8 
phases of the MJO on AUS weekly mean 
rainfall during September-November 
(Wheeler et al. 2009 J. Climate, vol 22, 
1482)

As the MJO moves to the east, its impact 
on our weekly mean rainfall changes in its 
location and its sign

à Based on this conventional analysis in 
a weekly time scale, it was not easy to 
quantify the impact of the MJO on the 
extreme dryness of November 2020
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A novel monthly mean MJO index
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MJO812

Combining the MJO phases 8, 1 & 2 that capture the MJO convection being enhanced in 
the Indian Ocean but suppressed in the Maritime Continent region and over Australia 
by summing the daily amplitudes of Wheeler and Hendon’s Real-time Multivariate MJO 
(RMM) index for Phases 8, 1 & 2 (MJO812)

MJO812 amplitude was 
significantly high (1σ)  in 
November 2020!
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Q: What does the impact of high MJO812 on November rainfall look like?

Composite differences of November 
rainfall between 6 highest MJO812 vs
8 lowest MJO812 before 2020

November was much drier with high 
MJO812 than low MJO812 with 
significantly lower number of rainy 
days & lower amount of daily 
maximum rainfall

Rainfall responses to high MJO812 are 
remarkably similar to the rainfall 
anomalies of November 2020

MJO played a key role in drying Australia in November 2020
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• How did ACCESS-S1 perform in predicting the 
large-scale climate drivers of spring 2020? 

• Why did ACCESS-S1 over-predict the spring 
rainfall even at the shortest lead time?
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ACCESS-S1 forecasts
Spring indices ACCESS-S1 skilfully predicted the amplitudes of 

• La Niña & +ve SAM at up to LT 2 months

• -ve IOD at LT0

• Warming of the SSTs north of Australia at LT2 
months, but its forecast amplitudes were twice 
as big as the observed à likely to contribute to 
the over-prediction of the spring rainfall 2020
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November indices 

• Oceanic climate drivers were all over-predicted –
especially the forecast warming of the local SSTs 
north of AUS was ~3 times greater than the observed

• +ve SAM was significantly over-predicted likely due to 
the model’s overly strong connection between the 
stronger stratospheric polar vortex over Antarctica in 
spring 2020 and the surface winds

à Over-prediction of the oceanic drivers and +ve SAM 
would have acted to produce high rainfall forecasts over 
AUS in November • ACCESS-S1 predicted 

the occurrence of 
MJO812 but with 
underpredicted
amplitude

19



20

6 Nov

11 Nov

• In November 2020, observed MJO spent ~2 weeks in Phases 8, 1 & 2 
with high amplitudes

• During the first week from the initialisation, ACCESS-S1  correctly 
predicted high MJO amplitude in Phase 8

33-member ensemble forecasts 
initialised on the 1st of Nov 2020

• Forecast MJO travelled to the east too fast (e.g. forecast MJO being in Phase 1 on 11 Nov)
• Majority of the ensemble members predicted the substantial weakening of the MJO      

à ensemble mean forecast suggested the decaying of the MJO by 11 Nov
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Why did the forecast MJO decay early while the obs MJO kept travelling to the east with 
a large amplitude?

ACCESS-S1
OBS

MJO812

120E      180E

• Overall enhanced convection around 120E (the Maritime Continent (MC) region) & suppressed 
convection around the dateline à associated with La Niña

• OLR dipole anomalies associated with the MJO starting in the Indian Ocean & propagating to the east 
breaking through the La Niña-driven convective areas over the MC à causing significant dryness

• Suppression of the convection over the MC associated with the MJO was absent in the forecast due 
to a cancellation caused by La Niña-driven convection à under-prediction of the MJO in Phases 1&2



November indices 

• Oceanic climate drivers were all over-predicted –
especially the forecast warming of the local SSTs 
north of AUS was ~3 times greater than the observed

• +ve SAM was significantly over-predicted likely due to 
the model’s overly strong connection between the 
stronger stratospheric polar vortex over Antarctica in 
spring 2020 and the surface winds

à Over-prediction of the oceanic drivers and +ve SAM 
would have acted to produce high rainfall forecasts over 
AUS in November • ACCESS-S1 predicted 

the occurrence of 
MJO812 but with 
underpredicted
amplitude à rainfall 
suppression wasn’t 
strong enough in the 
model 22



Summary

• Details of spring climate 2020 mattered for our spring rainfall 
- Local SST warming was only moderate
- -ve IOD decayed too early
- MJO was strong over the Indian Ocean to the Maritime Continent in 

November (MJO812)
- Unpredictable atmospheric noise that worked against producing rain 
• ACCESS-S1 predicted the overall features of the large-scale oceanic & 

atmospheric circulation anomalies of spring 2020, but didn’t get their 
amplitudes correct à simulated too much rainfall over AUS for spring 
2020
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