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Climate Change in the Pacific

Near 1°C of warming in the PCCSP/PACCSAP region



How is Seasonal Prediction Relevant to 
Climate Change?

• The first impacts of climate change will be seen when climate 
variability and climate change reinforce.

• Skilled seasonal forecasts provide a low-cost means to reduce 
vulnerability to climate variability and change.

• Support the application of climate change adaptation measures to 
climate variability -> increase experience for future decisions.
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How is Climate Change relevant to 
Seasonal Prediction?

• The primary means for seasonal prediction in Partner Countries (and indeed 
Australia) remains statistical models.

• Statistical models usually suppose the occurrence of historical “analogues”
or a “stationary” climate (Nicholls 2011).

• Statistical models are prone to absurd results, false “increase” or 
“decrease” in skill when predictors have no analogue/significant drift.

Tropical Cyclone Predictor Phase Space
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Our Approach

• Basis for seasonal predictions is a pseudo ensemble of 
coupled model (dynamical) forecasts (POAMA 2.4)

• Employ model calibration to address model reliability issues

• Provide model-based outlooks through a rich but low 
bandwidth Climate Prediction Data Portal

• Mirror access through a desktop application for countries 
with more limited internet access



• POAMA=Predictive Ocean Atmosphere Model for Australia

• Forecasts run for 9 months

• Atmospheric model:    

Horizontal resolution ~250km 

17 vertical levels

• Ocean model:

Zonal resolution ~220 km 

Meridional resolution ~55km (tropics) to ~165 km (poles) 

25 vertical levels

The Coupled Model: Predictive Ocean 
Atmosphere Model for Australia
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Pacific SST skill: Temporal correlation of 
monthly SSTA
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POAMA2.4 skill – SSTA LT0

Hindcast correlation with Reynolds SST (1982-2006)

Highest correlation is found in the equatorial Pacific.
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POAMA2.4 skill – Rainfall LT0

Hindcast correlation with (CMAP) rainfall (1982-2006)

Highest correlation is found in the equatorial Pacific and parts 
of the southwest Pacific. Lower near the SPCZ.



MJO index forecast skill (RMSE = 1.4)
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Predicting the MJO Index

Skilful prediction of the MJO for several weeks.



Forecast Calibration – Ensuring Reliability

Use historical skill to adjust the model output to 
ensure probabilities are consistent

– Ensemble signal adjustment: signal amplitude is 
reduced in regions of low historical skill

– Model variance adjustment: model members 
should have the same interannual variability as 
observations

– Ensemble variance adjustment: the spread of 
the ensemble should be the same size as the 
RMS error (Inflation of Variance)

Johnson, Christine, and Neill Bowler. “On the Reliability and Calibration of 
Ensemble Forecasts.” Monthly Weather Review 137, no. 5 (2009): 1717-
1720. 



Producing Reliable Forecasts: Calibration

Raw rainfall forecasts (lower 
Tercile) across the tropical 
Pacific

Calibrated (IOV) forecasts –
better reliability but lower 
accuracy



Calibration / skill 
adjustment.

Reduces amplitude of 
anomalies in regions of 
low historical skill.

Raw forecasts



Architecture for the Seasonal Forecast 
Generation and Publication



Pulling it All Together: The PASAP Seasonal 
Prediction Portal

The PASAP Seasonal Prediction Portal provides access to outlooks for:

Broad scale fields
Climate drivers (ENSO)
Rainfall and temperature tercile probabilities for selected sites
Hindcast skill scores for all outlooks

Outlooks are based on the Bureau of Meteorology's POAMA seasonal
forecasting system.



Selecting an Outlook Type



The Latest Forecast

Probability of Tercile 3 

rainfall
Hindcast skill (percent consistent)



Are we Ready to Replace Statistical Forecasts? 

Hindcast skill assessment across 14 representative stations: 
POAMA2 (raw), calibrated and operational statistical forecasts 
(hit rate, but LEPS similar).



Capacity Building 

• Extensive training of the Pacific NMS personnel during in-
country visits
• PASAP/PI-CPP joint workshops – Auckland, New Zealand (Sept 
2010) and Port Vila, Vanuatu (Sept 2011) 
• Support for monthly Climate Outlook Forums



Lessons and Next Steps 

• Dynamical models show considerable skill in the region 
(except on the margins of the SPCZ); however, statistical 
models set a high benchmark.
• Calibration of forecasts trades accuracy for reliability. 
Exploring alternative pathways to reliability – Regression 
Estimate of Event Probability, multimodel ensembles and 
better initialisation.
• Opportunities for continued improvements giving better 
forecasts with a clear pathway for POAMA development.
• Technologies exist to allow customisable information over 
low bandwidth → build local capacity, noting the critical role of 
local National Meteorological Services.



Looking Forwards: Focus on climate 
extremes

The Pacific Australia Climate Change Science and 
Adaptation planning Program (PACCSAP) - Seasonal 
prediction for:
Tropical cyclones

Sea surface temperatures and risk of coral bleaching
Sea-level rise
Revisit the issue of model calibration

Predictions of climate extremes based on the Bureau of 
Meteorology's POAMA seasonal forecasting system.



Questions?


