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Abstract

The Australian Tsunami Warning System (ATWS) is being established over a four year period subsequent to the tragic December 26 in 2004 mega tsunami that devastated many Indian Ocean countries.  The ATWS is being developed in accordance with the UNESCO Intergovernmental Oceanographic Commission (IOC) governance arrangements for the Indian and Pacific Oceans.  In addition, WMO is providing its long standard international cooperation of National Meteorological and Hydrological Services (NMHSs) through the World Weather Watch (WWW) and the Global Telecommunications System (GTS).  A major component of the ATWS will be a network of seismographic, deep ocean tsunameter buoys and coastal sea level instruments that will contribute to the WMO Integrated Global Observing System (WIGOS).  Instrumentation will include new radar surface measuring equipment, underwater pressure sensors and standard meteorological sensors.  This is an example of the WMO Disaster Risk Reduction (DRR) activities of which CIMO is a key player.  The instrumentation being established by Australia, in cooperation with other countries and the IOC, will be linked through the WMO GTS of Member countries in the Indian and Pacific Oceans.  This paper explains the role of this contribution to WIGOS and the DRR activities of all NMHSs, through their multihazard Early Warning Systems.  The paper also outlines the role of the Australian Bureau of Meteorology in establishing tsunameter and sea level instruments and in setting international standards and agreed data sharing codes through the WMO Commission for Basic Systems (CBS) and the WMO Joint Commission for Oceanography and Marine Meteorology (JCOMM). 


Introduction

Australia is nearing completion of a four-year project to upgrade its tsunami warning capabilities and contribute internationally to the Indian Ocean and South West Pacific countries in support of their end-to-end warning systems.  The project is being managed jointly by the Bureau of Meteorology (Bureau), Geoscience Australia (GA) and Emergency Management Australia (EMA). It is one of the first Indian Ocean regional warning systems, and will join the planned network of national systems which collectively will form the Indian Ocean Tsunami Warning System (IOTWS).  

Given the substantial international focus on the establishment of an IOTWS and the commitment to improve capabilities to receive tsunami warnings in the South West Pacific, the Australian Department of Foreign Affairs and Trade (DFAT) is coordinating the cross-agency package which also includes the Australian Agency for International Development (AusAID). 

The Australian Bureau of Meteorology is responsible for:

· Expanding and upgrading its existing sea level networks to real-time observations; 

· Development and the operational implementation of a tsunami forecast model; 

· Issuing of tsunami warnings based on seismic, sea level, deep ocean tsunameter buoys and ocean model scenario information; and 

· Assisting, through the IOC, WMO and bilaterally, Indian Ocean countries and South West Pacific countries that may be impacted by local or distant tsunami. 

The Bureau and GA are also significantly involved in establishing the IOTWS and assessing the needs of the South West Pacific nations to receive and react to tsunami warnings.  The Bureau hosts the International Oceanographic Commission’s Perth Office responsible for supporting the development of the IOTWS.  The Bureau of Meteorology and Geoscience Australia operate the Joint Australian Tsunami Warning Centre (JATWC).

Geoscience Australia has enhanced its network of seismic stations nationally and internationally through access to data from international monitoring networks. It will advise the Bureau of Meteorology and Emergency Management Australia of the size, location and characteristics of a seismic event, which has the potential to generate a tsunami.
Based on this seismic information from Geoscience Australia, as well as advisories from the Pacific Tsunami Warning Centre (PTWC) in Hawaii and from neighbouring countries with tsunami detection capacity, the Bureau will select a pre-computed tsunami model to generate a first estimate of the tsunami size, arrival time and potential impact locations. The Bureau will verify the existence of a tsunami using information from an enhanced coastal sea-level monitoring network.

The Bureau then promulgates advice and warnings on any possible tsunami threat to State emergency management services and the public through its National Office in the first instance, and subsequently through its network of Regional Offices once a tsunami is verified. Emergency management agencies then use this information to estimate coastal inundation using pre-generated inundation models (where available) prepared by Geoscience Australia.

Emergency Management Australia will liaise with the operational centres of affected State and Territory emergency management organisations and coordinate Federal assistance as required.

Emergency Management Australia also has responsibility for improving public awareness and preparedness for tsunami in Australia.

Relationship with WIGOS

The Bureau’s sea level network and Deep Ocean Tsunameter Buoys in the Indian Ocean and the South West Pacific Ocean form part of the WMO Integrated Global Observing Systems (WIGOS).  WIGOS is a comprehensive, coordinated and sustainable system of observing systems. It is based on all WMO Program’s observational requirements and ensures availability of required information and facilitates access by the WMO Information System (WIS). WIGOS includes four broad objectives: i) improve management and governance of component systems; ii) increase interoperability between the various systems; iii) address atmospheric, oceanic and terrestrial/hydrological domains; and, iv) ensure that broader governance frameworks and relationships with other international initiatives are sustained and strengthened. 

In addition these networks contribute to the the climate component of WMO-related atmospheric, oceanographic and terrestrial observing systems contributing to Global Climate Observing System (GCOS) observing requirements (e.g. Argo floats, sea level observations etc.); 

The defining characteristics include of the tsunami monitoring networks that the Bureau is introducing are:: 

(1) homogeneity, interoperability and compatibility of observations from related sea level and Deep Ocean Tsunameter Buoys observation platforms; 

(2) conformity of data and information generated by the sea level and Deep Ocean Tsunameter Buoy observing systems with comprehensive, standardized set of data presentation and exchange requirements; 

(3) Quality Management Framework requirements to ensure best possible data and information  available to all warning system operators in the Indian Ocean and the South West Pacific. 

The Australian Tsunami Warning System

The Joint Australian Tsunami Warning Centre (JATWC), operated by the Australian Bureau of Meteorology (Bureau) and Geoscience Australia (GA), was initially established on the 17th July 2007.   Its full functionality and formal commissioning is scheduled for 31 October 2008.  It provides Australia with an independent capability to detect and warn for tsunami that may impact the Australian coastline. The Australian public is regularly advised of both nil and potential threats from tsunamis generated by undersea earthquakes in neighbouring and distant regions in both the Indian and Pacific oceans. Prior to the establishment of national independent warning capability, the IOTWS Interim Advisory Service (IAS) provided seismic information or tsunami advisories for most areas of the Indian Ocean affecting Australia.  However, the Pacific Tsunami Warning Centre (PTWC) and Japan Meteorological Agency (JMA) still provide information on distant earthquakes and act as a valuable reference for the JATWC.  

Australia also works in close cooperation with our key regional partners to implement the Indian Ocean Tsunami Warning System (IOTWS) and facilitate further development of the Pacific Tsunami Warning System (PTWS).  Australia is working within the IOC framework for a “system of systems”.  Indeed the Australian ATWS now has the capability to fulfil a role as an Indian Ocean Regional Tsunami Watch Provider (RTWP) and will work with other RTWPs to provide the coverage currently being provided by the Interim Advisory Service (IAS).  As the IOTWS system of systems develops, the Joint Australian Tsunami Warning Centre (JATWC) will also continue to develop its technical capability and capacity as a RTWP for the Indian Ocean.
Real time sea level data monitoring from the Australian observing networks is being progressively extended in the region, with 29 sea level stations now reporting in real time and available on the Global Telecommunication System (GTS). This information is distributed to other nations on the GTS in the agreed CREX code. The design, siting, and installation of new tsunami specific, coastal, sea level station instrumentation is being undertaken to extend the existing tsunami coastal sea level network by end of 2008. 

Figure 1 shows schematically the operation of the Australian Tsunami Warning System.
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Figure 1: Schematic of the operational configuration of the

 Australian Tsunami Warning System (ATWS)

Monitoring Networks

National Seismic Network

Geoscience Australia accesses real time data from Australian and regional seismic stations to monitor for earthquakes that may generate tsunamis. Real time data from Australian stations is available directly from Geoscience Australia or through IRIS and are sourced by other countries.
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Figure 2: The location of national and international seismic stations, which are monitored in real-time by Geoscience Australia

Sea Level Network

Figure 3 shows the location of existing coastal sea level stations and tsunameters (deep ocean tsunami detection buoys) operated by the Bureau of Meteorology and used for verifying the existence of a tsunami. 

The tide gauges used mainly in the existing sea level network are called SEA level Fine Resolution Acoustic Measuring Equipment (SEAFRAME) gauges, which were designed initially for climate monitoring. They use Sutron 9000 Remote Terminal Units and having five sensors (primary water level sensor - the Bartex “Aquatrak” acoustic-in-air sensor, air temperature, sea water temperature, atmospheric pressure, wind speed, direction and maximum hourly gust). A sixth channel contains data from the backup Sutron 8200 data logger unit. These gauges were installed primarily for monitoring sea level rise under climate change. Other radar gauges and pressure sensors specifically for tsunami monitoring purposes are being evaluated, with further radar gauges installed at priority monitoring sites for Australia’s west and east coasts. 

To support tsunami warning requirements, the communications systems for existing sea level gauges for climate monitoring have been upgraded to more frequent transmissions. Australia is therefore now providing 1-minute sea level data for 25 stations in the recommended Table Driven Code Form (CREX) on the GTS: 14 from the Australian Baseline network, 2 in the Indian Ocean, and 9 in the South Pacific.  Another 4 stations operated by Australia in the Pacific, which are generally less valuable for tsunami monitoring due to their sheltered locations but more valuable for climate monitoring, are presently reporting 6-minute (3-minute average) sea level data. These data are transmitted hourly in non-standard code form and provided on the GTS to PTWC via RTH Tokyo and Washington. 

Australia’s first Tsunameter (DART II Standard – see Figure 4) was deployed by the Bureau in the Tasman Sea (Marine engineers Hibbins and Lenc) in the Pacific Ocean on the 16th April 2007, with support from the National Oceanic and Atmospheric Administration (NOAA) of the USA under a Memorandum of Understanding (MOU). Data from the buoy were initially made available in real-time from NOAA’s National Data Buoy Centre (NDBC) web site and via the GTS in an interim code format used also by the US DART™ buoys. The Bureau is now directly ingesting the data into its data communication systems. The Bureau is working towards the implementation of an agreed CREX format for tsunameters, which is being developed by the International Tsunameter Partnership (ITP) under the ICG/IOTWS. 

The Bureau’s second DART II standard tsunameter was deployed in early March 2008 in the Coral Sea in the Pacific Ocean again in cooperation with NOAA. An experimental ‘Easy-to-Deploy’ DART™ buoy, developed by NOAA’s Pacific Marine Environmental Laboratory (PMEL), was deployed in late March 2008 in the Tasman Sea when the surface buoy of the Bureau’s neighbouring first tsunameter was replaced under the routine (annual) maintenance schedule.   See Figure 5.

A further two tsunameters were deployed in the Indian Ocean to the NW of Australia and to the south of Java in October 2008. 
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Figure 3: Existing sea level stations providing data in real-time on the GTS.  Recent additions are two Deep Ocean Tsunami Buoys in the NW of Australia between Australia and Indonesia. 
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Figure 4: Australia’s first deep-ocean Tsunameter being loaded ready for deployment in the Pacific Ocean
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Figure 5: Latest technology Easy to Deploy Deep Ocean Tsunami Buoy Developed by PMEL and operationally deployed by the Bureau of Meteorology.

Enhanced sea level monitoring

The sea level network, which will continue to expand in the next 12 months, has been designed to give warning times of at least 90 minutes for the west and east coasts of Australia.  Consideration has also given to the value of sites to tsunami model assimilation. Efforts are also being made to obtain access to relevant sea level data from tide gauges operated by local port and marine authorities and neighbouring countries. 

Six tsunami deep-ocean buoys are to be deployed by end of 2008; two in the southern Tasman Sea (Pacific Ocean), two in the Coral Sea, and two off to the north west of Australia (Indian Ocean).   Five of these are already in place.  The sixth is to be deployed in the Coral Sea.  See Figure 3.
Conformity of Data and Information Exchange

The lack of a common practice in encoding sea level data using a standard WMO / IOC recommended code form for delivery of the data on GTS in near real time has restricted the ability to exchange sea level data among member states of WMO and IOC.  As a consequence of all the variations of sea level reports and multiple versions of Data Collection Platform (DCP) messages transmitted via the satellite Data Collection Systems (DCS) there are practically no universal decoders operated in any National Meteorological and Hydrological Services (NMHSs) able to handle all kinds of sea level messages distributed on GTS.

The Australian Bureau of Meteorology successfully implemented the WMO recommended CREX (FM95) character code form for reporting the 1-minute sea level tidal elevations and residuals and the Bureau has distributed the data in near real-time on GTS every 3 minutes since December 2006 for tsunami warning purposes in the region.  Australia was the first country to adopt and apply the new CREX data transmission format.  The total number of Australian sea level stations reporting 1-minute data on GTS has increased to 29 including 14 stations in the Australian baseline network, 13 stations in the Pacific and South Pacific Ocean and 2 in the Indian Ocean.  A number of other countries including Malaysia, Singapore, New Zealand and Meteo France have expressed interest in conducting trials with Australia for using the WMO approved CREX sea level templates for reporting seal level tidal elevations.  Testing and validation with Malaysia, Singapore and Meteo France were conducted with Malaysia currently delivering 15-minute sea level reports on GTS from 6 stations.  

The Bureau of Meteorology has designed and developed, in its close working relationship with WMO, tsunameter and sea level standard data formats to support the international exchange of the data and to facilitate an understanding of metadata and data quality for use by Tsunami Warning Centres (TWC).  This has been achieved through the Commission for Basic Systems and its OPAG –ISS Expert Teams on Data Representation and Codes (ET-DRC) and GTS-WIS Operations and Implementation (ET-OI).  A review of the existing BUFR and CREX tide elevation common sequences and descriptors available for reporting water level and coastal seal level tide data was conducted by Australia and new templates to further improve the current provisions and to encourage data exchange using the table driven form have been proposed to members of the Expert Teams in September 2008.  The proposed new common sequences are available for users to test and validate bilaterally with a view to attaining a pre-operational implementation status after CBS in March 2009.

Data Exchange for Deep Ocean Tsunameter Detection Buoys

The deep-ocean tsunameter networks which provide early detection and real-time measurement of tsunamis are being established by a number of countries.  In particular, the Deep-ocean Assessment and Reporting of Tsunamis (DART II) systems operated by NOAA National Data Buoy Centre (NDBC) and some other countries including Australia, Indonesia, Thailand and Chile have been successfully collecting real time data for use among the tsunami warning centres with the data being distributed on GTS to other WMO and IOC member countries.  The tsunameter data from the DART II systems use a special code form developed by NOAA Pacific Marine Environmental Laboratory (PMEL).  A number of other countries and tsunameter suppliers also designed and manufactured other types of tsunameters such as the Indian National Centre for Ocean Information Services (INCOIS) in India, the Agency for the Assessment and Application of Technology (BPPT) in Indonesia, the Science Applications International Corporation (SAIC) Tsunami Buoy (STB) and the Potsdam GFZ system in Germany.

Tsunameters such as the DART II system usually comprised of two parts, the Bottom Pressure Recorder (BPR) and the accompanying surface buoy.  Water column heights are converted from measurements of temperature and pressure values by the BPR with samples integrated over a 15-second period.  Data are transmitted from the BPR to the surface buoy via an acoustic modem which in turn transmits the data to the ground systems via Iridium satellites.  The DART II surface buoy contains two identical electronic systems to provide redundancy in case one of the units fails. The Standard Mode transmissions are handled by both electronic systems on a preset schedule.  The Event Mode transmissions, due to their importance and urgency, are immediately transmitted by both electronic systems on the surface buoy simultaneously.

A number of DART buoy system messages including the regular daily position report, Standard Mode hourly report, Event Mode report, Extended Event Mode report etc. are being delivered and distributed on GTS by NDBC and the Australian Bureau of Meteorology.  However some parts of the DART buoy messages do not follow the standard GTS operational procedures and some characters prohibited for transmission in alphanumeric messages on GTS are being used.  In order to facilitate data exchange of the tsunameter data a flexible data representation table driven code form for reporting the various types of tsunameter system messages is required.

New BUFR/CREX descriptors and common sequences for reporting of tsunameter data have been suggested by Australia.  The proposed BUFR/CREX templates for tsunameter data have been reviewed by members of the CBS expert teams in September 2008.  It will go through the procedures of validation and pre-operational implementation with some cooperating data centres.  If attempts to seek data exchange with other manufacturers of deep-ocean tsunameters are successful it would be a good opportunity to ensure that the proposed templates served its intended purpose of achieving a flexible data representation table driven code form that applies to all types of tsunameters.
Intercomparison of Tsunami Instrumentation

Australia chairs the IOC/ICG IOTWS International Tsunameter Partnership (ITP) through the Bureau of Meteorology’s Mr Ken Jarrott.  This has been an important global partnership of users, scientists, engineers and manufacturers.  It has enabled international cooperation on setting standards and comparing different tsunami observing platforms.  It should be noted that primary end users (warning centres) are themselves new to the task, unlike conventional observing systems.
The tsunami warning centres are generally not demanding or mature in their thinking about warning process needs.  Researchers may be better informed about the science, but can be removed from warning centre “hot seat” role. 

It is therefore important that there is trust and openness between manufacturers and users such as tsunami warning centre and the engineers who need to deliver consistent and well calibrated data for warnings and for input to tsunami open ocean models.   Examples would be data delivery success, deployment and siting conditions and acceptance conditions.

Equipment Performance Standard & Guidelines have already been released by the ITP and data exchange formats have been developed.  These are discussed in the preceding section.  Metadata and access schema need to be developed.   Benchmarking against other tsunami buoys will be important as the trigger events themselves are intermittent and not able to be forecast.  In the absence of a global sponsor for such work, and the cost of establishing a reference buoy array for intercomparisons, the Indian Ocean is the natural setting for intercomparisons between operational national networks.  At least six different product types are represented in these networks. 

Conclusion 

This paper outlines the role of a new ocean observing platform that measures relatively rare events.  It discusses this in the context of WIGOS.  The paper also attempts to bring to this instrument sector a new system that can be incorporated in quality management and intercomparison processes of the Commission for Instruments and Methods of Observation.  Previous WMO Executive Council meetings have requested the integration of these instruments into our community of instrument specialists.  A great deal has already been achieved by the manufacturers of these instruments, but there is still much to be done to satisfy the criteria for comprehensive intercomparison.
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