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Abstract

Statistical techniques are explored to enhance the predictive skill of seasonal climate in South-Eastern Australia with the POAMA 1.5 (Predictive Ocean Atmosphere Model for Australia, version 1.5) is a version of the dynamical coupled model seasonal forecasting system run operationally at the Bureau of Meteorology. POAMA 1.5has good skill in predicting large-scale variables that exert a strong control over regional climate variability in south-east Australia, such as sea-surface temperature (SST) and mean sea-level pressure (MSLP), but has only moderate skill in predicting regional climate variations such as Australian rainfall and surface temperature. We have attempted to capitalise on the predictable components of the climate (SST and MSLP) to make statistical predictions for South-Eastern Australian rainfall and temperature (statistical bridging).We also have tried to correct the direct predictions of rainfall and temperature across South-Eastern Australia by statistical calibration based on the relationship between predicted and observed patterns of rainfall and temperature for the period 1980–2006. 
Rainfall and temperature predictions from the statistical bridging models and the statistical calibration model have comparable skill to the direct predictions from POAMA1.5 in some seasons and some locations, depending on the kind of measure used to assess skill. However, the overall performance of the direct predictions from the POAMA 1.5 model is more skilful than the statistically post-processed forecasts for both South-Eastern Australian rainfall and temperature. We attribute the lack of skill in the statistically post-processed forecasts to the short hindcast set available (1980–2006), and the relatively modest level of seasonal predictability of regional climate in Australia. However, as an innovative way of utilising the statistical–dynamical predictions, we developed a “multi-model” ensemble system by combining the statistical–dynamical predictions with direct predictions from POAMA 1.5. The multi-model technique can improve the reliability and skill of the rainfall and temperature forecasts, presumably as a result of cancellation of forecast errors based on some independence of the forecasts from the different systems. 
We have implemented this statistical calibration scheme for real-time forecasts on the POAMA experimental website. The implementation of the statistical bridging schemes with POAMA sea-surface temperature and mean sea-level pressure for real-time rainfall forecasts is near completion. 
Significant research highlights, breakthroughs, and snapshots

· Statistical bridging and calibration schemes for Australian rainfall and temperature (with focus on the South-East) were developed based on the 10-member ensemble hindcast set of POAMA 1.5 seasonal forecasts for the period 1980–2006. 

· The statistical–dynamical models demonstrate comparable skill to the direct forecasts from POAMA 1.5 in some seasons, depending on the kind of measure to assess skill, but they do not outperform POAMA for predicting South-Eastern Australian rainfall and temperature. 

· Real-time seasonal forecasts of South-Eastern Australian rainfall and temperature are available at the POAMA official website: http://poama.bom.gov.au/experimental/poama15/sp_seaci_new.html
· The statistical calibration scheme has been implemented for real-time forecasts for Australian seasonal rainfall and posted at the POAMA experimental website: http://gale.ho.bom.gov.au/bm/internal/POAMA/experimental/poama15/
sp_seaci_svd.html).

Statement of results, their interpretation, and practical significance against each objective

1) Implement, test and evaluate statistical techniques to bridge and calibrate dynamical seasonal predictions of rainfall and temperature for South East Australia from the Bureau’s dynamical seasonal prediction model (POAMA)
Building on the review of statistical techniques to improve dynamical coupled forecasts of regional climate (Bretherton et al. 1992, Feddersen et al. 1999, Lin and Derome 2005, Hendon et al. 2007, Lim et al. 2007), we have developed one statistical bridging scheme and one statistical calibration scheme. For the bridging scheme, we used the predictions of hemispheric mean sea-level pressure from POAMA to statistically predict South-Eastern Australian rainfall and temperature. In the statistical calibration model, the spatial bias of the rainfall and temperature predictions from POAMA was adjusted using the statistical relationship with observed rainfall and temperature variability for the period 1980–2006. The verification of the forecasts from these statistical–dynamical models was independent of the development of the models because we used a careful cross-validation process. 
Forecast skill of POAMA and the two statistical–dynamical models for South-Eastern Australian rainfall and temperature was assessed by a deterministic method (correlation) with ensemble mean forecasts (Figure 1) and a probabilistic method (hit rates of predicting above median) with a 10-member ensemble (Figure 2) for the period of 1980–2006. 
Predictive skill directly from POAMA and from the statistically post-processed (or statistical–dynamical) models varies with different skill measures, with different seasons, and with different lead times. At lead time 0 (e.g. forecast initialised on the 1st of September to predict September–October–November rainfall), the direct forecasts from POAMA were more skilful than statistically post-processed forecasts for temperature over the SEACI region (33.5–38.5°S, 137.5–152.5°E). For rainfall, POAMA and the statistical–dynamical models are competitive. 
We have also developed a statistical bridging model with POAMA-predicted sea-surface temperature and it demonstrated much lower skill than the other models in probabilistic forecasts. This may be because the ensemble spread of POAMA-predicted sea-surface temperature is so narrow that all 10 forecasts of ensemble members give very similar rainfall and temperature predictions for each season. This emphatic nature of the forecasts from the bridging model with POAMA-predicted sea-surface temperature degrades the skill. Lastly, forecast skill decreases as lead time increases, and by lead time 3 months neither POAMA nor the statistical–dynamical models demonstrate useful forecast skill for South-Eastern Australian rainfall and temperature. 
Although in an overall sense these statistical–dynamical models do not outperform POAMA in predicting South-Eastern Australian rainfall and temperature, they can still be used for improving seasonal forecast skill in the context of multi-model ensemble prediction. This multi-model ensemble approach, based on the direct predictions from POAMA and the statistical–dynamical predictions, has been investigated in Project 3.1.2. 
2) Implement experimental real-time, dynamical–statistical seasonal prediction system for South-Eastern Australian climate

We have implemented a rainfall calibration scheme for the POAMA 1.5 seasonal forecasting system. A new calibrated forecast is produced each day and published to the POAMA experimental products website (http://poama.bom.gov.au/experimental/poama15/sp_seaci_new.html).

The calibration is based on an SVD (singular value decomposition) analysis of the direct predictions of rainfall across Australia from POAMA and the observed rainfall based on the National Climate Centre gridded analysis. This SVD analysis yields the spatial patterns in each data set that exhibit the most temporal covariance (SVD patterns). A matrix of regression coefficients – relating the POAMA forecasts of these SVD patterns to regional rainfall across Australia – are then generated by a multiple linear regression scheme. (For more details refer to Hendon et al. 2007). 
To apply this technique in real time requires some additional processing. The POAMA 1.5 real-time system produces each day one forecast out to 9 months. Using a ‘delayed ensemble’ composed of the most recent 30 forecasts, we compute an ensemble mean rainfall forecast for the next 3-month period (season). This ensemble mean forecast is normalised with respect to the standard deviation of the ensemble mean over the POAMA hindcast period 1981–2006. 
We then compute the projection amplitude of the normalised ensemble rainfall forecast onto the leading 5 SVD patterns. The normalised, calibrated forecast is the sum of the amplitudes multiplied by their corresponding regression matrices. SVD and regression patterns used for the real-time forecasts are based on the statistical relationship between observations and POAMA for the years 1981–2006, except for the season DJF which is based on the years 1982– 2006. 
The calibrated forecast is de-normalised to allow comparison with the uncalibrated POAMA rainfall forecast, then plotted and published to the web. The full set of calibrated hindcast plots is also available via a Javascript form from this page, along with Brier and correlation coefficient skill scores for the Australian continent. 
Summary of methods and modifications (with reasons)

· Generate multi-member hindcasts from POAMA from 1980 to 2006. 

· Using the extended hindcasts set, bridge South-Eastern Australian rainfall and temperature from leading modes of predicted tropical sea-surface temperature (SST) and hemispheric patterns of mean sea-level pressure (MSLP) variability.
· Using extended hindcasts set, calibrate direct predictions of South-Eastern Australian rainfall and temperature from POAMA. 
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Figure 1.  Correlation of POAMA and the two statistical–dynamical models for SEACI regional mean rainfall (left) and temperature maximum (right) at lead time 0. Correlation coefficient > 0.38 is statistically significant at the 95% confident level, and > 0.6 is regarded as a skilful forecast. 
	Rainfall
	POAMA
	CALIBRATION
	BRIDGING

	DJF
	[image: image4.png]



	[image: image5.png]



	[image: image6.png]




	MAM
	[image: image7.png]



	[image: image8.png]



	[image: image9.png][

/‘keo &






	JJA
	[image: image10.png]



	[image: image11.png]



	[image: image12.png]




	SON
	[image: image13.png]



	[image: image14.png]



	[image: image15.png]




	Tmax
	POAMA
	CALIBRATION
	BRIDGING

	DJF
	[image: image16.png]



	[image: image17.png]



	[image: image18.png]




	MAM
	[image: image19.png]



	[image: image20.png]



	[image: image21.png]




	JJA
	[image: image22.png]



	[image: image23.png]



	[image: image24.png]




	SON
	[image: image25.png]



	[image: image26.png]



	[image: image27.png]





Figure 2.  Hit rates of predicting above-median rainfall and temperature over the SEACI region: yellow (60% to 70%), green (70% to 80%), blue (80% to 90%) and purple (greater than 90%).
· Construct a homogeneous multi-model ensemble system consisting of the direct forecast from POAMA and forecasts from our statistical bridging model using POAMA predicted mean sea-level pressure. 
· Assess the skill in predicting SEACI region area-averaged rainfall and temperature with deterministic and probabilistic methods. 
· Implement real-time statistical–dynamical seasonal prediction system of South-Eastern Australian rainfall, based on calibration and bridging of the dynamical forecasts from POAMA. 
Summary of links to other projects

· This project depends on the results from 3.2.2, where statistical–dynamical prediction schemes were explored and documented. 

· It depends on 3.1.3, which indicated which components of the climate system are predictable and have a strong relationship with regional South-Eastern Australian climate.

·  It depends on 3.1.4 which assessed the skill of direct forecasts of regional climate using the current operational POAMA system (version 1.5b) and the new system under development (version 2). 
· This project is linked to 3.1.2, which comprehensively compares forecasts directly from POAMA and other schemes using statistics.

Publications arising from this project
Lim, E.-P., Hendon, H. H., and Alves, O. (2009). Dynamical, statistical–dynamical, and homogeneous multi-model ensemble forecasts of Australian cool season rainfall (manuscript to be submitted to Mon. Wea. Rev.) 
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Project Milestone Reporting Table

	To be completed prior to commencing the project
	Completed at each Milestone date

	Milestone description1


	Performance indicators2


	Completion date3

	Budget4 for Milestone

($)
	Progress5

	Recommended changes to workplan6


	1 Generate multi-member hindcasts
	Hindcast data set generated and archived
	December 2007
	30K
	Completed 10-member ensemble 1980–2006
	None

	2. Bridge rainfall from EOFs of pre​dicted SST and calibrate direct prediction of rainfall from extended hind​cast set of POAMA
	Algorithms developed, tested, and documented 
	June 2008
	35K
	Three statistical–dynamical schemes capitalising on POAMA rainfall, SST, and MSLP have been developed, tested, and documented
	None

	3. Document skill of pre​dicting SE Australian climate, using statistical bridging and calibration techniques for the hindcast period 1980–2005
	Report prepared
	December 2008
	20K
	Skill of statistical–dynamical schemes for SE Australian rainfall/temperature has been assessed. The results have been written up for journal publication 
	None

	4. Implement trial real-time dynamical–statistical seas​on​al prediction system of SE Australia rain​fall based on bridging and calibration of POAMA fore​casts 
	Experimental predictions available on POAMA webpage
	December 2008
	15K
	Experimental real-time forecasts through statistical calibration have been attempted and avail​able on POAMA experimental web​page 
	None
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