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Summary and purpose of document

This document summarises the current capability of RSMC Melbourne for ERA and air quality forecasting and outlines recent changes in the operational Numerical Weather Prediction model suite.


Action Proposed  

The meeting is invited to note the information provided
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1 Introduction
Since 1st July 1995, the National Meteorological and Oceanographic Centre (NMOC) in Melbourne has been a Regional Specialised Meteorological Centre (RSMC) for Environmental Emergency Response Activities (ERA), with responsibility for the Regional Association V area, which includes the countries: Brunei Darussalam, Fiji, Indonesia, Malaysia, New Zealand, Papua New Guinea, Philippines and Singapore. 

The NMOC is part of the Bureau of Meteorology, Australia's national weather service. The NMOC serves as a centralised operational  centre, for the Bureau, maintaining a round-the-clock nationwide weather watch and providing  guidance products to the seven Regional Forecasting Centres within Australia. In addition to its responsibility as an RSMC for Environmental ERA, the NMOC also performs international functions as a World Meteorological Centre, a Regional Specialised Meteorological Centre with geographical specialization, and a Regional Telecommunications Hub on the GTS. In addition, the NMOC has aviation and oceanographic responsibilities, including tsunami  warning for Australia.
This paper summarises the current status of ERA systems in use in RSMC Melbourne, including forthcoming changes to software and hardware platforms.. Some activities involving dust transport and the progress of emergency and defence organisations in developing a dispersion modelling capability are noted, and capability in air quality forecasting is summarised. Although this capability is not currently directed at emergency response situations, it provides an improved ability to routinely monitor and forecast chemical contaminants at a moderately high resolution. It is hoped that this development will also benefit national response activities for chemical and biological emergencies.
2 Summary of ERA Models

2.1 Overview

The ERA system in RSMC Melbourne is currently based around HYSPLIT, the well-known hybrid Lagrangian-Eulerian partcle/puff Atmospheric Transport Model (ATM), developed by Roland Draxler at NOAA’s Air Resources Laboratory. The meteorological input for HYSPLIT is derived from the output of the operational Numerical Weather Prediction (NWP) systems run locally. On request, nuclear products can be generated and disseminated to the IAEA and CTBTO, as well as to the other WMO RSMCs and the NMHSs (within RAV), and also to other various national agencies. Chemical and biological dispersion products can also be provided to Australian agencies on request. RSMC Melbourne is also capable of providing volcanic ash products for aviation, as a backup to the Volcanic Ash Advisory Centre operated by Darwin RSMC.  The current version of HYSPLIT, 4.7, has been used for several years. An upgrade to version 4.9 is planned in conjunction with changes to the NWP model and the supercomputing platform described below. 

2.2    NWP Input

Replacement of the current suite of NWP models run by RSMC Melbourne is currently in progress. Based upon the UK Met Office Unified Model/Variational Assimialtion system the new system has been named the Australian Community Climate and Earth-System Simulator (ACCESS). The geographical domains and the horizontal resolution of the new systems are approximately equivalent to those which currently provide input into the ERA system, (Figure 1). The horizontal grid-spacing of the systems ranges from coarse on the global scale (ACCESS-G – 80km) to fine on the mesoscale (ACCESS-A – 12 km) over the Australian region. In general, grid-spacings for the ACCESS suite are expected to be halved late in 2010. For most initial responses to requests for nuclear EER products, input to the ATM will be provided by ACCESS-G from early 2010. 
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Figure 1.   Operational domains of ACCESS NWP models providing input to the ERA system.   

2.3 Current Atmospheric Transport Models

2.3.1 Hysplit (currently Version 4.7)

The HYSPLIT ATM can be run in either a forward or backward trajectory mode, or in a dispersion mode producing concentration or deposition output. These different modes of running are reflected in the structure of the ERA suite in the scheduler. The operational staff can enter details of the nature of the source - for example its geographic position, strength, type and duration of emission. (For a nuclear incident, the properties of a default source are already pre-defined in the relevant tasks within the scheduler, but can be changed if needed.) The operational system includes a number of routine ongoing runs of the ATM, which are used primarily to generate products for various users but also have the added advantage of ensuring the system is kept in a running state.  
2.3.2 ADMS3

A skewed Gaussian plume model, called ADMS3 (Atmospheric Dispersion Model System version 3) and purchased from CERC (UK), runs off point data from the different configurations of MESO_LAPS (to be replaced by ACCESS-A in 2010), and so is only suitable at present for providing guidance over the Australian region. It is viewed as a model suitable for horizontal scales of less than 10 km. The dispersion of various pollutants (gas, odour, particulate - and also radioactive) can be simulated. Although currently running in the operational scheduler, ADMS3 functionality is limited and its ongoing use is under review. 

2.3.3 AAQFS

The Australian Air Quality Forecast System (AAQFS), (Cope et al, 2005) developed through a collaborative project involving CSIRO, the Bureau of Meteorology, and the Victoria, New South Wales (NSW) and South Australia (SA) Environment Protection Agencies (EPAs), is also being run in the operational scheduler. 
Meteorological input from the 5 km MESO_LAPS NWP system, along with an emissions inventory model, are used by the Chemical Transport Model (CTM) to drive processes of pollutant transport and deposition and to provide radiation, temperature and humidity fields for the simulation of chemical transformation processes. The LAPS NWP model will be replaced by the new ACCESS-A model in early 2010 (Figure 1). The Generic Reaction Set (GRS), a photochemical transformation mechanism, is used to model the formation of photochemical oxidants. Figure 2 illustrates the operational structure of the system.
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Figure 2: AAQFS System Overview
The system is currently limited to geographical domains over NSW/Sydney, Victoria /Melbourne and South Australia/Adelaide, varying in horizontal resolution from 5 to 1 km. Figure 3 shows the airshed boundaries and model domains currently in use. 
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Figure 3: AAQFS Airsheds and NWP Domains
Forecasts out to 36 hours are generated twice daily for a range of pollutants including O3, NO2, CO, SO2, and Paticulate Matter (PM), and also the AQI (Air Quality Index) and API (Air-borne Particle Index). Figures 4 and 5 show some AAQFS products.
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Figure 4. AAQFS Forecasts: CO Forecast (Sydney) and Air Quality Index (Melbourne)
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Figure 5. AAQFS Forecasts: Air-borne Particle Index (Adelaide) and Particulate Matter (Melbourne)
3 Trends and Developments

RSMC Melbourne is in the process of several new developments which will impact upon ERA activities. The operational implementation of the new NWP models has seen an improvement in forecast skill over the old models which should flow on to ATM forecasts. The impending introduction of a new Sun supercomputer should result in reduced response times. As part of these changes HYSPLIT is also being upgraded to version 4.9, introducing over thirty minor improvments. 
3.1 Dust

The extended period of drought over much of Australia has created the preconditions for a number of severe dust storms. September 2009 saw several large dust storms, associated with the passage of frontal systems, transport large volumes of material across several thousand kilometres. Both HYSPLIT and AAQFS are able to produce forecasts of dust and have been demonstrated to perform well (Wain et al. 2006). Requests for guidance during such dust events has become more frequent and the development of RSMC Melbourne’s capability in this area is ongoing.   

3.2 End-user Dispersion Tools

In the last report to this forum it was observed that there was a growing interest in atmospheric transport modelling from the emergency management and national security sectors. This trend has continued and Emergency Management Australia has engaged Australia’s Defence Science and Technology Organisation to coordinate the development of a Nation Atmospheric Hazard Modelling and Analysis Capabilty (NAHMAC). A number of state and national workshops have been held to determine agency requirements and the evaluation of available models against a set of required metrics is about to commence. 
As noted previously, non-meteorological agencies operating these systems will require, at a minimum, local meteorological observed data inputs, but better results will be obtained when NWP data is also available. As this stage it appears there will be two levels of modelling involved, a first response model for use in the field and a more detailed model run from a central operations facility, such as RSMC Melbourne. 
3.3 Future Developments

The recent implementation by the Bureau of Meteorology of a Web Map Server has provided the opportunity to disseminate ERA forecasts in a form which is easily integrated into a number of diverse display packages, whilst maintaining the spatial integrity of the data. The development of products to take advantage of these new capabilties is in progress. 
