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Summary and purpose of document

This document contains an overview of the status of Long Range Forecasts and their Verification at the Australian Bureau of Meteorology. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 

Status of Long Range Forecasts and their Verification at the Australian Bureau of Meteorology
Introduction

The Australian Bureau of Meteorology currently maintains an operational (statistical) model for 3-month outlooks of Australian rainfall, maximum and minimum temperature, as well as an experimental dynamical coupled (i.e., numerical climate prediction) model: the Predictive Ocean Atmosphere Model for Australia (POAMA).  It is envisaged that a future version of POAMA will be adopted as the operational seasonal forecast model for Australia. 

1. Model Background

The Bureau’s principal operational seasonal outlook model is based upon the Linear Discriminant Analysis (LDA) model described in Drosdowsky and Chambers (2001).  The system uses the first two Empirical Orthogonal Functions (EOFs) of Pacific/Indian/Southern Ocean Sea Surface Temperature (SST) variability and relates their monthly principal component scores (at 1 and 3 month lags) to predict seasonal rainfall/temperatures, which are also represented by principal components.  The forecasts for the rainfall/temperature principal components are then projected onto regular grids, with weighting factors calculated according to the fraction of grid point variance explained by the EOF pattern.  The forecasting scheme uses LDA to determine the rainfall in two (above/below median) or three (terciles) categories.

POAMA is an intra-seasonal to inter-annual climate prediction system based on a coupled ocean and atmosphere general circulation model (Alves et al., 2003). The first version (POAMA-1) was developed in a joint project involving the Bureau of Meteorology Research Centre (BMRC) and Commonwealth Scientific and Industrial Research Organisation (CSIRO) - Marine Research (CMR), using the Australian Community Ocean Model 2 (ACOM2) and the Bureau of Meteorology’s Atmosphere Model (BAM).  Real time oceanic and atmospheric initial states are used to initialise the coupled model.  These are provided by an ocean data assimilation system that is run in real time as part of the POAMA system and by the Bureau of Meteorology operational weather analysis and prediction system: the Global Assimilation and Prediction System (GASP). 

Currently the POAMA-2 system is under development with a number of changes scheduled to be made to the ocean data assimilation and the atmospheric model.  It is planned that POAMA-2 will be completed during 2005.  POAMA-3, which will incorporate the new Australian Climate Ocean Model (AusCOM-1) being developed by the Australian ocean modelling community (BMRC, CSIRO, TPAC
, ACE-CRC
, Universities, etc.), will be available sometime between 2006 and 2008. 

2. Seasonal and Longer Forecasts

The operational Seasonal Climate Outlook (SCO) model produces a seasonal forecast for Australian rainfall, minimum temperature and maximum temperature every month.  The outlooks are available from the Bureau of Meteorology’s public seasonal outlook web site (http://www.bom.gov.au/climate/ahead/). 

Public (freely available) forecasts are issued as the probability of exceeding the median. Subscribers to the SCO also receive tercile probability forecasts.  The subscription service also contains subsidiary seasonal rainfall outlook information generated using stratified climatology techniques.

The POAMA system produces a global nine-month forecast each day using the latest ocean and atmospheric initial conditions.  Products are based on the latest 30 daily forecasts, forming an effective 30-member ensemble.  Products are available on the POAMA web site (http://www.bom.gov.au/bmrc/ocean/JAFOOS/POAMA/ ). 

The POAMA system is used to produce forecast plumes for NINO indices, horizontal plots of SST anomalies for each lead time, as well as equatorial/time plots with daily resolution of SST, 20°C isotherm depth, outgoing long-wave radiation and surface zonal wind anomalies.  These are produced for means of monthly ensembles, mean of the last 30 forecasts and also individual forecasts. 

3. Verification

Neither forecast system has been assessed using the Standardized Verification System for Long Range Forecasts (SVSLRF).  An earlier version of the coupled model was assessed using a past version of the SVSLRF system and results were available via the web, however these have since been removed as they are not relevant to the current coupled model. 

1- SCO System

The SCO system has undergone a number of skill assessments, including LEPS, ROCS, Brier Scores, Value Scores and Percent Consistent rates (categorical hit rate).  These have been based upon cross validated hindcasts from 1950 to 1999 (50 years).  Currently most of these scores are not available externally but are used for internal decision making. 

The exception is the Percent Consistent rates, which are available as maps, both for the 12 seasonal outlook periods, as well as for all forecasts, on the external web: http://www.bom.gov.au/silo/products/verif/ (Figure 1).

Further detail is available to the user by clicking on the map at any desired location.  A separate pop-up table (Table 1) appears listing the forecast probabilities for the above and below median categories for all 50 years of the hindcast period, for that location.  This simple representation of the model skill was the result of consultation with a number of end users (in particular farmers and those in agribusiness).

It is planned that a similar web site will display an assessment of issued forecasts (as opposed to hindcasts).  The publicly issued forecasts are also subjected to a suite of verification procedures (not available externally, but described in Fawcett, et al., (2004)).

2- POAMA

Verification of the POAMA system will be continued over the coming year, however no further hindcasts will be performed with POAMA-1 and the progress of development of POAMA-2 limits the worth of (and availability of resources for) further substantial verification of POAMA-1.  It is planned that POAMA-2 will have a hindcast set of five 10-member ensembles run each month for the period 1980-2004.  It is also planned that this hindcast set will be assessed in accordance with the SVSLRFV by the Australian Bureau of Meteorology’s National Climate Centre.

Descriptions of some skill assessments of POAMA-1 are available from the POAMA web site (http://www.bom.gov.au/bmrc/ocean/JAFOOS/POAMA/scientific/index.htm) and are further described below.

A set of 180 forecasts, one per month (started on the 1st of each month) for the 15 years from 1987 to 2001, have been used to assess the performance of the POAMA-1 model.  Forecast anomalies are calculated relative to the hindcast climatology using all the hindcasts starting at the same time of the year.  Ocean initial conditions were taken from an ocean assimilation that was carried out from 1982 to 2001 using the same assimilation system as used for the operational version.  GASP atmospheric initial conditions were not available for all of this period.  Instead the atmospheric state was taken from the appropriate date during an integration of the atmosphere model forced with observed weekly Reynolds SST. 

Only a single forecast member was used per month for the hind-casts, whereas the real-time system uses an ensemble of 30 forecasts per month. 

One measure of forecast skill is the anomaly correlation coefficient for NINO3 SST anomalies.  This is shown in Figure 2 for both model and persistence, as a function of lead-time. The plot shows that the model betters persistence at all lead times, even during the first month of the forecast.  At eight months lead-time the skill is relatively high at 0.7 and significantly better than persistence at 0.2.  Also shown in Figure 2 is the RMS error of the model and persistence.  Again the model beats persistence at all lead times.  The standard deviation of NINO3 SST anomalies (also in Figure 2) shows that the model maintains a realistic level of variability at all lead times.

Horizontal patterns of anomaly correlation skill are shown in Figure 3 for lead times of three and six months.  At all lead times the peak in skill is concentrated in the central and eastern Pacific, associated with the El Niño/La Niña phenomenon.  At three months lead time the anomaly correlation reaches up to 0.9 in the central Pacific.  At six months lead-time it reaches up to 0.8 in the central Pacific south of the equator. 
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Figure 1 Example of the Austalian Bureau of Meteorology’s presentation of seasonal climate outlooks assessment. Depicted here is the percent consistent of seasonal rainfall forecasts/outcomes for the October through December period based on data from 1950 through 1999.

	Year(19XX)
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	92
	93
	94
	95
	96
	97
	98
	99

	Above(%)
	40
	72
	20
	22
	79
	79
	67
	39
	80
	67
	35
	48
	28
	44
	63
	34
	65
	21
	51
	74

	Below(%)
	60
	28
	80
	78
	21
	21
	33
	61
	20
	33
	65
	52
	72
	56
	37
	66
	35
	79
	49
	26


Table 1 Example of the Australian Bureau of Meteorology’s verification of individual seasonal forecasts.  Depicted here are verification results for a grid point in central northern Queensland for forecasts from October through December.  The Table lists the Forecast Probabilities of Above and Below Normal Rainfall for each Year since 1980.  The dark grey shading represents seasons when above average rainfall was favoured in the outlook and then observed.  Light grey shading represents seasons when below average rainfall was favoured in the outlook and then observed.  Over the period 1950 through 1999 there was 78% consistency between the forecast and observation for this grid point. 
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Figure 2. Left - NINO3 anomaly correlation as a function of lead time. Right – RMS error (solid) and standard deviation (dashed) for NINO3 SST anomalies. Based on 180 forecasts (one per month) during the period 1987-2001. Red; persistence of initial SST anomalies, Green; POAMA-1 coupled model.
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Figure 3. Spatial distribution of anomaly correlation of SST anomaly (x100). Top; 3 month lead time. Bottom; 6 month lead time.










� TPAC – Tasmanian Partnership for Advanced Computing


� Antarctic Climate and Ecosystems Cooperative Research Centre
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