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REVIEW OF THE WORK, FUNCTIONS AND SPECIFIC NEEDS OF THE GLOBAL PRODUCING CENTRES (GPCs)
STATUS / PROGRESS REPORT FOR GPC-Melbourne
David Jones and Paul Gregory
Summary and purpose of document

This document provides an update on the state of GPC-Melbourne and is provided for the information of the ET on Operational Predictions from Sub-Seasonal to Long Time-Scales

Action Proposed

The meeting is invited to consider the attached report, and provide feedback. Specific attention is drawn to section 8. Specific Needs.
Annex(es):
- …….

· …….

Reference(s):
- …….

· …….

STATUS / PROGRESS REPORT FOR [Designated GPC]
1.
FORECASTING SYSTEM

1.1
Description of the forecasting system specification 

Since 2012 GPC-Melbourne has produced operational climate predictions using the Predictive Ocean Atmosphere Model for Australia (POAMA) version M24. This is a coupled ocean-atmosphere model  with an atmospheric resolution of T47L17. POAMA-M24  features several upgrades from the previous version P24, with improvements made to both the model and the operation of the forecasting system (e.g. changes to the ensemble creation for producing both hindcasts and forecasts).

Further details of the M24 model physics, data assimilation scheme and ensemble generation are available in Hudson et al. (2013) and are summarised in Table 1. The hindcast (retrospective forecasts) set consists of 6 forecast initialisations per month i.e. a forecast initialised every 5 days spanning the 30-year period from 1981 to 2010.  
Real-time forecasts are now generated twice per week (00z Mondays and Thursdays), although prior to January 2013 they were only generated once per week (00z Thursdays). For the real-time running of POAMA a 33 member ensemble is produced with each member containing forecasts with out to 9 months.
The multi-configuration ensemble makes use of three versions of the POAMA2 model:
M24a: which uses standard atmospheric physics;

M24b: a flux corrected version, using the same physics as M24a but with ocean-atmosphere fluxes corrected in the model in real-time to reduce climatological biases; and

M24c: modified atmospheric physics which uses an alternative shallow convection physical parameterization scheme. 

The use of this multi-configuration ensemble approach has been shown to improve the overall reliability of the model forecasts.
For the production of operational outlooks, ensemble runs from several start dates are combined to produce a lagged ensemble with the current practice using 165 members in total (i.e., five start times/lags in total). This approach has been shown to yield largely reliable forecasts, while keeping the forecast lead time to a relative minimum (and hence maintaining near “optimal” skill).
GPC Melbourne has developed and maintains a website which delivers long range outlooks to WMO member states and other users.  This website integrates broad scale, site-based and climate index outlooks using a map-based interface. Data is available from this site for both gridded and time series outlooks (http://poama.bom.gov.au/experimental/pasap/). All forecasts and hindcasts are available to the community through an OpenDAP server (http://poama.bom.gov.au/data_server.shtml) .
There have been only minor changes to POAMA M24 since the 2014 ET meeting (held in Exeter). The details of the current GPC-Melbourne service/model are described in Table 1. 

The model configuration is currently the same across all time-frames – weeks, months and seasons. The current multiweek forecasts are considered experimental, and continue to be tested and described in the scientific literature (see Hudson et al. 2015a/b). The relatively course resolution of the POAMA M2.4 and its atmospheric initialisation scheme currently limit using multiweek forecasts operationally.

	Atmospheric model
	BAM (Bureau of Meteorology Research Centre Atmospheric Model, vn 3.0) 

 T47 horizontal resolution, 17 vertical levels

	Ocean model
	 ACOM2 (Australian Community Ocean Model, vn2.0) 

 2° in the zonal direction; in the meridional direction it is 0.5° at the equator and gradually increases to 1.5° near the poles.

 25 vertical levels

	Coupler
	Ocean Atmosphere Sea Ice Soil (OASIS) coupling software (Valcke et al. 2000)

	Atmosphere/land data assimilation
	ALI (Atmosphere Land Initialisation Scheme; Hudson et al. 2011)

	Ocean data assimilation
	PEODAS (POAMA Ensemble Ocean Data Assimilation System; Yin et al. 2011)

	Ensemble generation
	33 members

Multi-model (M24a, M24b, M24c)

Burst ensemble: Ocean and atmosphere perturbations from Coupled Ensemble Initialisation Scheme (CEIS) (Hudson et al. 2013)

	Hindcast configuration
	33 members on the 1st, 6th, 11th, 16th, 21st and 26th of the month out to 270 days (1981-2010)



	Real-time configuration
	33 members every 0z Sundays and Thursdays out to 270 days/9 months



Table 1: Overview of the POAMA-2 system
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1.2
Content of basic forecast outputs 

	Issue frequency:
	Digital data updated twice weekly (33 member bursts). Official forecasts updated monthly.

	Temporal resolution:
	Weekly, Fortnightly, 1 month and 3 month averages and accumulations of frequencies over 3 months are produced routinely, while daily resolution data are available via OpenDAP server.

	Spatial resolution:
	Atmosphere: T47 spectral (approximately 2.5°×2.5°) 
Ocean:  25 vertical levels, 2  zonal resolution and 0.5  meridional resolution at the equator, increasing to 1.5  near the poles.

	Spatial coverage: 
	Digital data available globally.

	Lead time:
	Any lead-time out to 9 months in digital form.

	Output types: 

	Digital data available via OpenDAP server in NetCDF format. Images available for a subset of variables through WMS and for all data via freeware NetCDF viewers such as panoply (http://www.giss.nasa.gov/tools/panoply/).

	Verification as per WMO SVSLRF
	Yes, though somewhat out of date (please note ET-ELRF 2015 recommendations).


2.
PRODUCTS 
	Variable:
	Probabilities for tercile categories of 2m temperature
	Probabilities for tercile categories of precipitation
	Probabilities for tercile categories of SST (coupled models only)

	Spatial resolution:
	2.5°×2.5°
	2.5°×2.5°
	2.5°×2.5°

	Temporal Resolution:
	Weekly, monthly and  seasonal
	Weekly, monthly and  seasonal
	Weekly, monthly and  seasonal

	Coverage:
	Basic data all global, though full interaction limited to region from 68S to 68N
	Basic data all global, though full interaction limited to region from 68S to 68N
	Basic data all global, though full interaction limited to region from 68S to 68N

	Issue frequency:
	Twice weekly through to monthly
	Twice weekly through to monthly
	Twice weekly through to monthly

	Lead-time
	L0
	Y
	Y
	Y

	
	L1
	Y
	Y
	Y

	
	L2
	Y
	Y
	Y

	
	L3
	Y
	Y
	Y

	
	L4
	Y
	Y
	Y

	
	L4+
	Y
	Y
	Y

	Location of rendered images:
	Digital data available via OpenDAP server at http://poama.bom.gov.au/data_server.shtml - see http://opendap.bom.gov.au:8080/thredds/catalog/catalogs/bmrc-poama-multiweek-realtime-catalog.html and http://opendap.bom.gov.au:8080/thredds/catalog/PASAP/catalog.html . Subset of pre-canned graphical data provided at http://poama.bom.gov.au/experimental/pasap/ . All digital data can be viewed interactively via freeware applications such as panoply (http://www.giss.nasa.gov/tools/panoply/).

	Location of digital data (if available):
	

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	


3.
VERIFICATION 

3.1
SVSLRF Level 1 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)
	Niño region indices

	Seasons:
	All 12
	All 12
	All 12
	[Calendar month]

	Leads:
	Zero to four month leads
	Zero to four month leads
	Zero to four month leads
	

	ROC curves:
	N
	N
	N
	N

	ROC area:
	Y
	Y
	Y
	N

	Reliability curve:
	N
	N
	N
	N

	Frequency histograms (sharpness)
	N
	N
	N
	N

	MSSS
	N
	N
	N
	N

	Location of scores:
	http://www.bom.gov.au/wmo/lrfvs/index.htmland  to appear at https://www.wmolc.org/ 

	Scores’ availability on the LC-SVSLRF web site
	Subset, noting agreement to move to the LC-MME
	Subset, noting agreement to move to the LC-MME
	Subset, noting agreement to move to the LC-MME
	Subset, noting agreement to move to the LC-MME

	[For non-compliant elements, please indicate intended date of compliance]
	Needs further discussion at the 2016 ET meeting.


3.2
SVSLRF Level 2 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)

	Seasons:
	All 12
	All 12
	All 12

	Leads:
	Zero to four month leads
	Zero to four month leads
	Zero to four month leads

	ROC maps:
	Y
	Y
	Y

	MSSS maps:
	Y
	Y
	Y

	MSSS 1 maps:
	Y
	Y
	Y

	MSSS 2 maps:
	Y
	Y
	Y

	MSSS 3 maps:
	Y
	Y
	Y

	Location:
	http://www.bom.gov.au/wmo/lrfvs/index.htmland  to appear at https://www.wmolc.org/

	[For non-compliant elements, please indicate intended date of compliance]
	Note that results are not for the very most recent version. New models should be published at the LC-MME site.


4.
DISSEMINATION 

Raw data in NetCDF format are available via the OpenDAP server http://poama.bom.gov.au/data_server.shtml with daily, weekly and monthly forecast available at http://opendap.bom.gov.au:8080/thredds/catalog/catalogs/bmrc-poama-multiweek-realtime-catalog.html and seasonal forecasts at  http://opendap.bom.gov.au:8080/thredds/catalog/PASAP/catalog.html. A range of derived graphical products are available at the web portal http://poama.bom.gov.au. Additional derived data and graphics are available on request (email to webclim@bom.gov.au or d.jones@bom.gov.au) and can be generated using freeware such as panoply http://www.giss.nasa.gov/tools/panoply/ using the NetCDF files on the OpenDAP server.
A dedicated data portal displaying point (station) and mapped forecasts, including verification information for the RAV (focus on the southwest Pacific) is available at http://poama.bom.gov.au/experimental/pasap/ .

The Bureau will launch a comprehensively upgraded seasonal forecast service commencing in 2017 based on the UK Met Office’s Unified Model. Seasonal forecasts will be issued at weekly, monthly and seasonal intervals. GPC-Melbourne will use this new model to provide raw data and forecast products at these more frequent forecast intervals. It is expected that GPC-Melbourne will switch to this model by the end of 2017.
5.
LRF MULTI-MODEL ENSEMBLE
Three month forecasts with a one month lead time for temperature, precipitation and SSTs are provided to the LC-MME and the APCC multi-model ensemble. El-Nino Indices supplied to IRI.
GPC-Melbourne obtains forecast NINO and Indian Ocean Dipole indices in real time from GPC-Montreal, GPC-ECMWF, GPC-Exeter, GPC-Tokyo, GPC-Toulouse and NASA. There are currently no plans for a formal (international) MME at GPC-Melbourne.
6.
ADDITIONAL INFORMATION PROVIDED BY THE GPC

N/A
7.
CAPACITY BUILDING AND TRAINING 
GPC-Melbourne (the Australian Bureau of Meteorology) has extensive involvement in capacity building and associated training for island countries in the Pacific region. These efforts include the creation and delivery of forecast products, downscaling and verifying raw model data and development of local user applications (including drought analyses). The bulk of the activities occur through the Climate and Oceans Support Program for the Pacific (COSPPac). 

COSPPac’s activities have been supported by the Australian overseas aid agency (DFAT). Dedicated websites to support climate services in the region which use seasonal forecasts across rainfall, temperature, ocean indicators and sea level have been deployed at http://www.bom.gov.au/climate/pacific  and http://www.bom.gov.au/cosppac/ . 

A large number of in-country training workshops have been held on climate prediction and a number of pilot projects were developed looking at the application of seasonal predictions for health (e.g., malaria, dengue fever), water management, hydroloelectricity and agriculture. 
The current program under COSPPac has one more year to run, and will look at moving current operational services across RAV collaborators to a greater use of dynamical models and overall capacity development issues. The Bureau is looking to transition many of the climate prediction activities to regional bodies in the coming year, with some support expect from DFAT to be ongoing. 
8.
SPECIFIC NEEDS
The most significant ongoing need faced by GPC-Melbourne is obtaining sufficient resources to develop, run and analyse coupled climate models. While dynamical models are clearly the future of extended and long range forecasts, the infrastructure and human resources required to maintain these complex systems are very significant. The required expertise is also in limited supply, which has seen an increasing reliance on model components developed elsewhere.

GPC-Melbourne supports the ongoing rationalization of the LC activities for verification and multimodel prediction. In particular, moving verification to sit alongside MME activities is seen as a priority, noting the rather low level of compliance by GPCs around the SVSLRF (refer ET-ELRF 2014 meeting report).

9.
FUTURE DEVELOPMENTS

The Bureau of Meteorology (GPC-Melbourne) has just commenced a four year program to completely overhaul its climate prediction services following the purchase of a new (CRAY) supercomputer and new agreements with the UKMO.

The Bureau will produce an improved seasonal forecasting service that delivers:

· Increased model resolution, moving from ~250 km to ~50 km resolution.

· More frequent operational forecast updates, likely to be weekly for seasonal forecasts and eventually daily for multi-week forecasts.

· Introducing fully operational forecasts to fill the gap between ~7-day (weather) and seasonal forecasting (i.e., multiweeks).
· Substantially improved forecast accuracy (estimated at a ~5% improvement in the above/below median hitrate).

· Downscaled forecast data compatible with decision support tools, such as hydrological models and crop models.

The Bureau plans to deliver those objectives by first replacing POAMA with the Australian Community Climate and Earth-System Simulator (ACCESS-Seasonal) drawing heavily on forecast atmospheric model components from the UKMO. This extends the excellent collaboration we have had in the weather forecasting space which has seen Australia  deliver greatly improved weather forecasting services. 

The replacement of POAMA  will occur in two steps:

· Phase 1 of model development will  use the UKMO GC2 model with minimal change. This is anticipated to be completed around mid-2017
· Phase 2 of model development will use the Bureau’s  own model perturbation and assimilation scheme for ACCESS-S (using GC3). Further improvements are expected to be made drawing on experience with POAMA, for example in the land surface. This is anticipated to be completed around mid-2019

The new ACCESS-S model development will be accompanied with a complete overhaul of the climate prediction service including the Bureau’s GPC website and associated data portal. It is expected that all data (daily, weekly, monthly and seasonal) will be  available digitally, with a range of downscaled forecasts (“weather sequence products”) will be prepared to sit alongside the current outlooks (above/below median and terciles).
10.
USERS OF THE LRF

GPC-Melbourne products are provided to LC-MME APCC. Subsets of the GPC data are provided to countries to support real-time forecasting activities and to the Pacific seasonal prediction portal.
GPC-Melbourne data is provided to the IRI for multi-model ENSO outlooks, and NOAA CPC for CLIVAR MJO model outlook comparison.

There is increasing interaction with the user community. Currently this is focused within Australia, but activities in the Pacific and Southeast Asian regions are developing. These users’ needs often have increased complexity and they prefer forecast plumes  (future “weather sequences”) rather than simple above/below media or tercile maps/grids. 
__________________
