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Summary and Purpose of Document

This document presents the Long range Forecasting Progress Report for 2005 in the Australian Bureau of Meteorology.  

ACTION PROPOSED

The Meeting is invited to take into account this information for its discussions and work. 
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Long-range Forecasting (LRF) Progress Report

January 2004 – December 2005

1. A brief summary of research and development connected with applications and main operational changes in LRF related issues

i.  
A dynamic coupled seasonal forecast system – Predictive Ocean Atmosphere Model for Australia (POAMA) is now operational and is the basis for seasonal forecasts for Sea Surface Temperatures (SSTs) in the NINO-3, 3.4 and 4 areas on a daily basis: http://www.bom.gov.au/climate/coupled_model/poama.shtml 

ii.
A new version of this forecast system (POAMA-2) is currently being developed with the aim of experimental implementation in mid-2006. This will include, besides improved forecasting of El Niño, a trial seasonal rainfall prediction system.

iii. 
The development and implementation of an experimental intra-seasonal prediction system.

iv.  
The provision of seasonal outlook verification tools on the internet for hindcasts period and for current forecasts.

2.  Research and development in LRF specialised data processing

      As outlined in the previous report (WMO/TD-No. 1279), and briefly summarised here, the current POAMA system uses near real-time ocean analyses for input. Each day the ocean state is integrated forward one day using the ocean model. The ocean model is forced with six-hourly fields from the Bureau of Meteorology GASP Numerical Weather Prediction (NWP) system. Every three days observations, including subsurface observations, are assimilated into the ocean model. Surface temperature observations are not assimilated. Instead the ocean model surface temperature is relaxed to the SST analysis field used in the GASP system with an e-folding time scale of 3 days. Every day a 9-month coupled model forecast is produced in real-time using the very latest ocean state and the latest atmospheric state from the GASP NWP analysis. The daily forecasts are combined to form a 30-member monthly ensemble and an ensemble of the last 30 forecasts (updated daily on the POAMA web site).

One feature of the POAMA system is the ability of the atmosphere model to represent the MJO. This, together with the use of real-time ocean and atmospheric data, means that POAMA can also produce forecasts of intra-seasonal variability out to a few weeks lead-time. Experimental intra-seasonal forecasts are now available on the POAMA web site and are updated daily (http://www.bom.gov.au/bmrc/ocean/JAFOOS/POAMA).


The second generation of POAMA (POAMA-2) is due for experimental release in mid 2006. It is likely that the POAMA-2 system will increase the number of forecasts made each month and a 25-year hindcast period will be constructed. Other changes will include the introduction of a stand-alone land surface initialisation scheme and modification to the ocean assimilation scheme, which will be further detailed in Section 4.

3.  Outstanding research and development activities related to the LRF specialised analysis forecast system in operational use in the previous year

i. As outlined in the previous report (WMO/TD-No. 1279), one of the current seasonal forecast systems in use for seasonal forecasting in Australia is the Predictive Ocean Atmosphere Model for Australia (POAMA). This first version (POAMA-1) is a seasonal to interannual forecasting system, which was jointly developed by the Australian Bureau of Meteorology Research Centre (BMRC) and CSIRO Marine Research (CMR). This system is now operational and is updated daily (http://www.bom.gov.au/climate/coupled_model/poama.shtml). The current focus of the POAMA-1 system is the prediction of tropical SST anomalies and these are presented in the form of a forecast plumes line graph (e.g. Figure 1), distribution plots (e.g. Figure 2) and horizontal spatial plots. All forecast anomalies are calculated relative to the model hind-cast climatology over the period 1987-2001, using all the hind-casts starting at the same time of the year.
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Figure 1. Forecast SST anomalies in the NINO3 region. The latest 30 daily forecasts are shown (as available on day of writing, the start dates of the forecasts are shown in the plot heading). The dashed line is an estimate of the observed SST anomaly from the BMRC ocean analysis system. The dark line is the ensemble mean. All anomalies are relative to the 1987-2001 period.

 Components of the POAMA-1 system are:
a Atmosphere model: The POAMA-1 system uses the latest version of the Bureau of Meteorology unified atmospheric model (BAM version 3.0d). It uses a modified convection closure that allows the model to have a good representation of the MJO. It has a horizontal spectral resolution of T47 and has 17 vertical levels. The performance of this model forced with observed SST is described in Colman et al., (2005).

b. Ocean Model: The ocean model component is ACOM2. It was developed by CMR, and was based on the Geophysical Fluid Dynamics Laboratory Modular Ocean Model (MOM version 2). The grid spacing is 2 degrees in the zonal direction. The meridional spacing is 0.5° within 8° of the equator, increasing gradually to 1.5° near the poles. There are 25 levels in the vertical, with 12 in the top 185 metres. Technical details of ACOM2 are given in Schiller et al., 1997 and Schiller et al., 2002.

c. Coupler: The ocean and atmosphere models were coupled using the Ocean-Atmosphere-Sea Ice-Soil (OASIS) coupling software (developed by CERFACS, France; Valcke et al., 2000). 

d. Ocean data assimilation:  The ocean data assimilation scheme is based on the optimum interpolation (OI) technique described by Smith et al., (1991). Only temperature observations are assimilated and only measurements in the top 500m are used. There are several improvements over the scheme described by Smith et al., (1991). The OI scheme is used to correct the model background field every 3 days using a 3 day observation window, one and a half days either side of the assimilation time. Ocean current increments are calculated by applying the geostrophic relationship to the temperature corrections, similar to the method described by Burgers et al., (2002).
e. Atmospheric initial conditions:  For the real time forecasts the atmospheric component is initialised with weather analyses from the Bureau of Meteorology’s operational NWP system (GASP). This means that the seasonal forecast model knows about the latest intra-seasonal variability in the tropical atmosphere. 
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Figure 2. NINO3 SST anomaly distribution for lead times 4-6 months. These show the percentage of ensemble members lying within the specified 0.4°C temperature anomaly bins.

ii.
One of the main areas of new research within the POAMA-1 system during the 2004-2005 period has been in the area of intraseasonal prediction. The tropical MJO has been investigated for its use as a predictor at this sub-LRF range (i.e. less than 30 day lead). Aside from forecasts made with the coupled model, a seasonally independent index for monitoring the MJO has been developed based on a pair of empirical orthogonal functions (EOFs) of the combined fields of near-equatorially averaged 850 hPa zonal wind, 200 hPa zonal wind and satellite-observed outgoing longwave radiation (OLR) data (Wheeler and Hendon 2004). The pair of principal component (PC) time series that form the index vary mostly on the intraseasonal time scale of the MJO only and are called the Real-time Multivariate MJO series 1 (RMM1) and 2 (RMM2). These indices are able to closely monitor the current state and position of the MJO (see Figure 3). Another application of the RMM series is through prediction of onset dates of the Australian and Indian monsoons, as onset, whilst occurring at any time during the convectively enhanced phase of the MJO cycle, rarely occurs during the suppressed phase. Another application is through the prediction of extreme weekly rainfall: in an examined area around Darwin in northern Australia the probability of receiving an upper-quintile weekly rainfall event increased threefold from the dry to the wet MJO phase (Wheeler and Hendon 2004).

Experimental forecasts of climate and weather variations related to the MJO using the RMM indices are currently available: http://www.bom.gov.au/bmrc/clfor/cfstaff/matw/maproom/RMM/index.htm 

In collaboration with researchers from Queensland Department of Primary Industries and Fisheries, RMM indices are used to provide forecast guidance to Northern Australian farmers. Guidance based on the state of the MJO and links to the MJO forecast is also included in the Australian Bureau of Meteorology’s “Weekly Tropical Climate Note”: http://www.bom.gov.au/climate/tropnote/tropnote.shtml 
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Figure 3.  Phase diagram of RMM1 and RMM2 from observations for the latest 40 days (at time of writing). The circle represents one standard deviation, with any projection outside the circle indicative of possible MJO activity in that sector. The distance from the circle indicates the strength of the event, with points further away indicating stronger events.
4.  Plans for future research and development activities related to the improvement of the LRF oriented operational system

i. The second generation of POAMA (POAMA-2) is due for experimental release mid-2006. A significant improvement for POAMA-2 is the atmospheric model. There are improvements in both horizontal and vertical resolutions and the introduction of several new physical parameterization schemes.

A new ocean data assimilation scheme has been developed. The multivariate ensemble OI scheme of Oke et al., (2005) is being used as the basic analysis technique. Model error covariances are taken from an ensemble of short forecasts performed each analysis time (Alves and Robert, 2005). The ensembles are generated by perturbing the surface forcing fields using random estimates of the forcing errors. These will provide time and flow dependent multivariate error statistics. These statistics will be used to generate salinity and current corrections based on the temperature observations. In addition, salinity data will also be assimilated into the ocean model.

A large set of hind-casts will be produced with POAMA-2. Present plans are for at least a 10-member ensemble each month over the past 25 years. The hind-casts will be initialised with true atmospheric initial conditions from the ERA40 re-analysis. This means that the intra-seasonal forecast skill can also be assessed. The POAMA model is able to simulate variability characteristic of the MJO and the POAMA-1 real-time forecasts showed some skill in forecasting intra-seasonal variability. Intra-seasonal forecast products will be generated from POAMA-2 and their skill assessed.

ii. Longer range plans for climate forecasting in Australia include the development of the Australian Community Climate Earth-System Simulator (ACCESS), which is a coupled climate and earth system simulator to be developed as a joint initiative of the Australian Bureau of Meteorology and CSIRO in cooperation with the university community in Australia.

5.  Development in verification procedures including performance statistics

i. During 2004-2005, statistical based seasonal forecasts were issued by the Australian Bureau of Meteorology for rainfall and maximum and minimum temperatures in the Australian region. Forecasts indicate the probabilities of receiving wetter/warmer than average rainfall/temperatures over a three month period. This forecast is based on the statistical relationship of Australian climate variables with sea surface temperatures in the tropical Pacific and Indian Oceans. These forecasts are available via the internet at: http://www.bom.gov.au/climate/ahead 

Results of cross validation of a hindcast period are currently provided for the seasonal forecasts of rainfall and temperature. Results are displayed as a map representing percent consistent values for each forecast period. Tables of individual long range forecasts are then available for any location in Australia: http://www.bom.gov.au/silo/products/verif/  

In the first half of 2006, this site will be updated to show the results of operational forecasts. Other verification methods include LEPS skill scores (see example in Figure 4), Brier Scores and Reliability diagrams. The forecast scheme has also been extensively documented and verified in Fawcett et al. (2005). 
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Figure 4.  Australian average LEPS skill score (MAM 2000 to MAM 2003) for seasonal maximum temperature (solid line with squares) and seasonal minimum temperature (dashed line with triangles). Positive averages are seen throughout most of the 2002/03 El Niño. Periods of low skill generally correspond to periods of low forecast signal.

ii. Hindcasts from POAMA-1 have been used to measure the forecast skill via the anomaly correlation skill for NINO 3 SST anomalies (see Figure 3 in the previous report: WMO/TD-No. 1279). The forecast skill for a dipole of heat content in the Indian Ocean, an important indicator of the state of the Indian Ocean, is shown in Figure 5 with the anomaly correlation of the forecast beating that of persistence at lead times of approximately three to nine months.
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Figure 5.  The heat content anomaly correlation, for a box in the west Indian Ocean minus a box in the east, as a function of lead time for 60 forecasts, one per season, starting during the period 1987-2001. Light grey – POAMA coupled model, Dark grey – persistence. The area of the two boxes are given in the figure on the right.
iii. The MJO RMM forecast system discussed in Section 3 and forecasts from the POAMA model have been included in ‘The MJO Experimental Prediction Project’, run by the Climate Diagnostics Centre with the aim: “To provide a method to access and compare MJO forecasts, and to analyze the effects of MJO events on tropical and mid-latitude weather forecasts” (http://www.cdc.noaa.gov/MJO/). For 11-day forecasts of the tropical velocity potential anomaly, the simple MJO statistical-based RMM forecasts have been shown to be as skillful as an ensemble of forecasts from a modern NWP model (NCEP's ensemble GCM).
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