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Abstract
An improved version of the Bureau’s coupled dynamical seasonal forecast model (POAMA2) is being developed. This version will have a number of improvements –improved coupling, new ocean-data assimilation, new atmosphere and land initialisation and higher horizontal resolution – which should improve regional climate prediction (i.e. rainfall and temperature) in south-east Australia. The improvements are being implemented in stages. 
POAMA-2.0 forecasts show increased skill in the Pacific Ocean sea surface temperature indexes compared to POAMA-1.5, but in the Indian Ocean skill was about the same. A newer version, POAMA-2.1, has also been developed. The result is that forecasts of sea surface temperature from this system show much reduced model bias. Trial versions of real-time products specific to the Murray–Darling Basin derived from the SEACI projects are now available on the POAMA research web site.

Limited hindcast sets are being generated for each stage and a comprehensive hindcast set for the complete POAMA-2 system will be generated over the next 1–2 years. This project will use the ensembles of hindcasts to develop direct rainfall and temperature products for south-east Australia and assess their skill. The limited hindcast sets from the early stages of POAMA2 will enable quantitative products to be developed. The comprehensive hindcast set from the complete POAMA-2 system will involve a larger ensemble size and enable probabilistic forecast products to be developed.

Significant research highlights, breakthroughs and snapshots

· POAMA-2.0 forecasts showed increased skill in the Pacific Ocean sea surface temperature indexes compared to POAMA-1.5 
· The explicit bias correction scheme incorporated into POAMA-2.1f has led to further ways of reducing biases, and a document comparing skill in predicting sea surface temperature has been prepared.
· Trial versions of real-time products specific to the Murray–Darling Basin derived from the SEACI projects are now available on the POAMA research web site.

Statement of results, their interpretation, and practical significance against each objective
Objective 1: POAMA-2.0

Most of the evaluation work in SEACI has been with the operational version POAMA-1.5b.  During the project a new version, POAMA-2.0, became available. The main improvement was a new state-of-the-art ocean-data assimilation scheme called POAMA Ensemble Ocean Data Assimilation System, PEODAS. 

An ocean reanalysis with PEODAS for the period 1980–2007 has now been completed, and this re-analysis has been used to initialise a 5-member ensemble set of hindcasts from 1980 to 2001. A unique feature of PEODAS is that for any instant in time it produces an ensemble of ocean states, rather than one. This ensemble of states is used to generate the perturbations for the coupled model ensemble. 

The impact of the new ocean initial conditions on forecast skill of El Niño and regional climate in the south-east of the continent was explored. POAMA-2.0 forecasts showed increased skill in the Pacific Ocean sea surface temperature indexes compared to POAMA-1.5 (Figure 1), but in the Indian Ocean skill was about the same. In the Pacific, skill was also compared with the skill of models from other international centres, namely the ECMWF and SINTEX models (Figure 2). While in the Pacific Ocean POAMA, ECWMF, and SINTEX models had similar levels of skill, in the Indian Ocean both POAMA and SINTEX lagged ECMWF by about 1 month. A more detailed description of skill from POAMA-2.0 is in preparation,
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Figure 1.  NINO3 sea surface temperature anomaly correlation from POAMA-1.5 (black solid) and POAMA-2 (red). Persistence is shown as the dashed line.
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Figure 2.  NINO3 (left) and IOD (right). Both show sea surface temperature anomaly correlation skill against lead time from POAMA-2 (blue), ECMWF system 3 (red), and Sintex (green).

Objective 2: POAMA-2.1

A newer version, POAMA-2.1, has also been developed. Improvements in this version include increased atmospheric resolution (T63), improved atmospheric physics that lead to reduced model bias, and an explicit sea surface temperature bias-correction scheme that reduces model bias even further. The result is that forecasts of sea surface temperature from this system show much reduced model bias. To a large extent, efforts to reduce bias were driven by findings from projects 3.1.2 which found that while POAMA had rainfall skill at shorter lead times, the skill decreased rapidly with lead time. This was probably due to significant model biases that increased with lead time and which led to an erroneous relationship between sea surface temperature and local rainfall. 

Because POAMA-2.1 uses a higher resolution atmospheric model and more realistic physics, it was necessary to carry out a new atmosphere–ocean re-analysis with the Atmosphere and Land Initialisation scheme (ALI, developed as part of SEACI). This new re-analysis, together with the PEODAS re-analysis for the ocean, was used to initialise coupled hindcasts with POAMA-2.1. Right now, only a preliminary set of hindcasts are available from the two different versions of the model:  (POAMA-2.1a)  that includes all the improvements but no explicit mean-state bias correction; and (POAMA-2.1f) that also includes an explicit mean-state bias correction (i.e. heat and momentum flux corrections). 

Figure 3 shows the sea surface temperature bias at 5-month lead for forecasts starting in July for POAMA-2.0, POAMA-2.1a, and POAMA-2.1f. These results show that the improvements in the atmospheric model lead to significant decreases in biases; note in particular the large reduction in the cold biases in POAMA-2.1a compared to POAMA-2.0. On the other hand, it must be said that the biases increase slightly in the far eastern Pacific.
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Figure 3.  Sea surface temperature biases at November for forecasts initialised on 1st July from (a) POAMA-2.0, (b) POAMA2.1A, and (c) POAMA-2.1F. Sea surface temperature biases are climatology differences between model and observed values. Observational data is from Reynolds OI.v2 sea surface temperature (Reynolds, et al. 2002).

The explicit bias correction scheme incorporated into POAMA-2.1f has led to further ways of reducing biases. However, at this stage only a small set of ensembles are available and so differences between the versions are not statistically significant. It is only possible to compare regional rainfall predictions using a much larger ensemble, and this set will be generated throughout 2009. Improvements arising from the reduced biases will be reported in the SEACI_1P extension project.
Objective 3: Trial products on the web

Trial versions of real-time products specific to the Murray–Darling Basin derived from the SEACI projects are now available on the POAMA research web site. See 

http://poama.bom.gov.au/experimental/poama15/sp_seaci.html
These are described in more detail in Charles (2009).

Summary of methods
· Develop quantitative rainfall and temperature forecasts from the ensemble mean of hindcasts (1980–2005) from early stages of the POAMA-2 system (includes some of the development of the POAMA-2 system that is required for direct prediction of regional climate) and assess skill.

· Develop quantitative forecast products of rainfall and temperature using comprehensive hindcasts from the complete POAMA-2 system as they become available.
· Develop probabilistic forecasts of rainfall and temperature using ensemble members from hindcasts (1980–2005) from the POAMA-2 system and assess skill.
· Document results and make trial quantitative and probabilistic forecast products available on POAMA web site.
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