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Rainfall and temperature outlook

• How and why: how can we make a seasonal          
forecast and why do we use one

• Timeline of a service: ENSO, Indian Ocean

• Dynamical models: more accurate, future proofing

• User needs

• The future of seasonal forecasting in Australia

Forecasting for water needs

• Millennium drought   

• Streamflow forecasts

Outline



Climate variability: strategic context

Important to Australia’s economy, society and community

• 5% of GDP ($58B) attributed to annual climate variability 

• Bureau can influence Australia’s ability to respond effectively 

• Potential value of climate forecasts is >$1.5B

• Departures from “normal” are increasing due to global warming

From Managing 
Climate 
Variability 
Program



Drought - the costliest (natural) hazard in Australia

2015 El Niño drought likely to cost agriculture $2+ billion 1997-2010 Millennium drought

Black Saturday saw 173 deaths 

$2 billion in fire damage

Billions spent to drought proof
cities

$4 billion in drought payments  
2002-2009



What guides our thinking?

• Safety of life and property 

• Reduced costs to the economy, society and 

the environment

• Better decisions across planning, preparation, 

response and recovery

• Reduced vulnerability to climate change and 

informing adaptation



What drives wet season rainfall variability?

Weekly time scales

• Strength and position of 

monsoon trough

• Tropical cyclones

Multi-weekly to monthly

• Madden–Julian Oscillation

Multi-monthly to seasonal

• Indian Ocean Dipole

• El Niño–Southern Oscillation



27 years of the Seasonal Climate Outlook: 

a continuous improvement model

1996



Seasonal outlooks over time

October 1929 – Hunt (1929) A basis for seasonal forecasting in 
Australia, Quarterly Journal of the Royal Meteorological 
Society, 55, 323-334. 

July 1983 – McBride and Nicholls (1983) Seasonal relationships 
between Australian Rainfall and the Southern Oscillation

June 1989 – first BoM seasonal outlook (SOI rainfall correlation 
scheme)

July 1992 – SOI stratified climatology scheme

October 1998 – SST based LDA prediction scheme introduced 
(Drowsdowsky and Chambers)

July 2008 – last booklet issued

September 2010 – SST1 replaced with NINO34 due to 
overwhelming trend in data

May 2013 – Move to dynamical modelling system (POAMA)



‘…of droughts and flooding rains’
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(based on a 30-year climatology 1961-1990)

2006 El Niño 1982/83 El Niño
2011 La Niña (Charlton,
Mail Times)

1956 La Niña (Murray
River flooding)



Australian Wheat Yields and SOI



The El Niño-Southern Oscillation

La Niña (2010/11/12) El Niño (this year)Neutral phase

Nino3.4

SOI



Composite impact of El Niño events 

winter/spring rainfall and temperatures → some predictability to our droughts

Plan for decile 2-3

RainfallMaximum T

Plan for decile 8-9



Climate Prediction – this is why we can predict

Climate prediction is the process of estimating
the PDF (probability distribution function)
of a climate variable, conditional on an external
forcing (e.g., SO, SSTs, greenhouse gasses, 
etc)

Conditional 
climate 
distribution, for 
example “El Nino” 
conditions.

Normal climate 
distribution –
probability of 
wet/dry = long 
term average



The first issued Outlook



The Indian Ocean 

is important



2005



SST1SST2

February +0.904 +0.641 PHASE 9

March +0.957 +1.037 PHASE 9

April +1.150 +0.859 PHASE 9

SST Phase scheme –

Also looked at the 

direction of change
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Statistical Model vs Climate Change 

(Does the past = the future?)

• Ocean temperatures are increasing to the point where the 
magnitude of the trend is comparable to one standard deviation 
of the SST predictors

• September 2010 – changed our ocean predictors; but is it 
enough?



Individual impacts vary

winter/spring rainfall

1982 1997



POAMA eases ahead

Australia’s fortunate/unfortunate position on the globe means we are ENSO 

dominated; just knowing this means we can make decent outlooks 

‘cheaply’ (McBride and Nicholls 1983)

Not enough to beat climatology or persistence, a new model needs to beat 

a good old (statistical) model

Change to services occurs when research shows a clear improvement over 

current service

Variable Hit Rate Statistical Hit Rate Dynamical 
(POAMA)

Rainfall 53 56

Maximum Temperature 58 60

Minimum Temperature 59 56



POAMA-1 
Operational

POAMA-1.5
Development

POAMA-1.5
Operational
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Seasonal outlooks over time
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Beginnings of a dynamical forecast system: operational



Issues and prospects

1. Direct and strict comparisons are not possible

2. Dynamical model has year round skill, while statistical model has skill 
for most standard seasons, but may have no skill for certain seasons 

3. Capabilities of dynamical outlook systems are supported by solid and 
ever improving science and computer technologies 

4. Skill has improved, can handle climate change 

5. Dynamical systems are full of potential and provide a platform to 
further develop consistent multi-week to multi-season climate 
prediction services

6. It’s the future, it is just the beginning!  



We know the model (POAMA) world 

behaves like the real world



Current forecast system
Monthly forecasts for the first two months and a seasonal forecast



The Climate Outlooks service

• Monthly and seasonal 

outlooks

• Temperature and rainfall

• Engaging and intuitive

• Large user base

• Operationally supported



The Climate Outlook service

Outlook for drivers including 

ENSO, IOD, SAM and the MJO



Supporting the outlook service – ENSO wrap



Weekly update of 
tropical-wave 

activity – summary 
via email

http://www.bom.gov.au/climate/tropical-note/



Weekly update of 

tropical-wave 

activity – website

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



Weekly update of 

tropical-wave 

activity – website



Latest weekly 
OLR anomaly 

14 – 20 June

7-day precip total

Indian and East Asia 
monsoons active



Convection (OLR) in 
western Maritime 
Continent







Latest 90 days

MJO index

Recently 'Moderate'

in strength



MJO 
forecasts 
from last 
month



Current 
MJO 
forecasts



https://www.youtube.com/watch?v=-
bkMtPeyW_0&list=PLbKuJrA7Vp7mYDUe6o1CtVskn8xeKcNrb

Communicating forecasts: 

Type of forecast, language 

of forecast

The Climate Outlooks service

https://www.youtube.com/watch?v=-bkMtPeyW_0&list=PLbKuJrA7Vp7mYDUe6o1CtVskn8xeKcNrb


Feedback - Simple and Advanced Needs
• User needs range from a simple map overview, to data that can be 

entered into complex decision models, e.g., crop models

"I just want a map I can 
glance at to get a 
snapshot of what's going 
on, then I can decide 
whether to drill deeper."

"I want climate outlook 
information in a form I 
can enter into a 
decision-support 
model."



Feedback - Accuracy and resolution

"Specific and accurate 
information for our 
location not just for the 
region."

"It's very good but I 
would like a more 
detailed 0 to 3 week 
forecast over a smaller 
grid."

• Users want greater 
accuracy, and 
information specific 
to their location

"Spatial resolution 
remains a problem"



Feedback - Timescales

"Current products are 
useful, but there is 
scope to improve 
service through greater 
focus on timescales of 
1-4 weeks." 

"Having more regular 
updates and plugging the 
forecasting gap between 7 
days and 1 month will also 
be highly valued. "

• Multi-week 
outlooks will be 
valued highly by 
users

• More frequent 
updates will be 
useful



User satisfaction

• Almost 85% of survey respondents said that climate outlooks 

information is either vitally important or very important to them



A new Climate Outlooks service

• Monthly and seasonal  
outlooks

• Update twice monthly 
percentages, 
probability of 
exceedence, anomaly

• 166 member super 
ensemble

• Contextual information 
and short videos

• Familiar interface 



Useful options for decision-making

• Overlay different information (e.g. accuracy maps)

- extremely or very useful for 80 of 98 people 

• Zoom in closer to your location

- extremely or very useful for 84 of 99 people

• Connection from climate outlooks directly to other Bureau information

- 66 of 98 people said this would be extremely or very useful



Week/fortnight beyond 7 day forecast 
Rainfall:

• Chance of receiving (at least) a specific amount of rain

- 74 of 100 people said this would be extremely or very useful

• Chance of extreme heavy rainfall

- 72 of 100 people said this would be extremely or very useful

Temperature:

• Likelihood of extremely high temperatures

- 65 of 97 people said this would be extremely or very useful

• Chance of specific selectable temperature threshold

- 50 of 98 (and 53 of 100 for minimum temperature*) people said this 

would be extremely or very useful



Current operational 
and experimental 
products:

- sub-seasonal

- Applied forecasts



Predicting extremes: POAMA 2 week forecasts

Record 
warm start 
to Spring 
2013

Record hot 
January 
2013

Forecast Observed





Drivers for future services

User pull → being informed by engagement and feedback

Technology push, allowing new and better information services

Growing sophistication of down stream tools (the next users, rather 
than the end users?)

Climate (and other) change making past practices no longer viable



Interfacing with decisions



2013

Operational

NMOC/Services support,

evaluation, monitoring, 

case studies, new products, 

interface to applications, etc

POAMA-2 (BAM+ACOM2: ~ 250km)

Build and Hindcast

Bring components together, build 
system, Ensemble strategy, Skill 

and product evaluation

Model+Assim development

Develop new coupled model, New 
physics, tune for seasonal, part of 

larger modelling effort

Operationalisation

Complete comprehensive 
hindcast, re-analyses up to date, 

transition to operations.

20142015201620172018+ POAMA phases

Operational

POAMA-3 (ACCESS CM1: ~ 150km)

Build and 
Hindcast

Operation
alisation Operational

POAMA-4 (ACCESS CM2: ~ 75km)

Build and 
Hindcast

Operatio
nalisatio

n
Model Development

Better models: POAMA development pipeline



The value of R&D for better models: Increased 
forecast skill

Statistical Model Rainfall Forecast SkillPOAMA M2.4 Rainfall Forecast Skill



Responding to climate variability

Primary focus 
of this 

presentation

Seamless forecasts

Providing consistent services across all time scales.



New Climate Outlooks website – coming soon
Increasing value of the Seasonal Climate Outlook  by 

improving communication and engagement

Enhanced usability and comprehension through better 

design

Helping people work with probabilities

And also…

• Who uses it?

• What for?

• Do they understand it?

• Are they making the right decisions?



SEASONAL 
OUTLOOKSBETTER

Finer

model detail

More outlook 
periods

Higher outlook

skill

World class

service

Bigger user

returns

Moving from 

250 km to 60 km 
resolution

meaning
more localised information 

by accounting for local 
conditions

Australia:120 to
2000 grid points

Seamless: filling 
the gap between 

7-day and monthly 
outlooks 

Outlooks 
updated 
weekly

Season  
Month

Fortnight

Week

Likely 10% improvement 
in outlook accuracy

meaning
the best outlooks for Australia

of all international models

meaning
information is clear, concise and 

available when and where you need it
+ Not only 

rainfall and 
temperature

More intelligence possible:
• Evaporation

• Wind

• Drought

• Extremes

Reduce losses: agricultural 
production lost from 2010-11 La Niña: 

More than $2 billion

Potential value of improved seasonal forecasts:

More than $1 billion per year
ABARES

Centre for International Economics 
2014


