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The WG2 charge, as stated in the ICG/ITSU-XX Summary Report, is:

· To review and report on existing arrangements with regard to seismic measurements, data collection and exchange

· To advise on how best to ensure that all earthquakes of magnitude 6 or greater can be reliably located and sized in a timely manner

· To review and make recommendations regarding upgrading and enhancements to the PTWS network, communications, processing and analysis to further reduce the time required for an earthquake source characterization to meet desired warning responses.

Motivations for the discussion of issues related to seismic measurements, data collection and exchange.
1) To ensure that the warning centers are using the most prudent seismological analysis consistent with their operational mission and to facilitate exchange of ideas amongst the warning centers

2) To ensure that nations in the Pacific Basin with an elevated local tsunami hazard will not simply fall through the cracks because the PTWC or regional warning centers can not adequately warn for a local tsunami threat outside their local area.

3) To recognize the key role played by data providers such as providing the volume of high quality broadband seismic data to the warning centers and ensure that these data providers will have continued support to maintain and expand their existing networks

4) To recognize the tsunami warning system potential of other technologies not previously integrated into the PTWS.

Perhaps one of the most important discussions to take place concerned the existence of new tsunami warning systems (Nicaragua) and those currently under development (El Salvador). It was quickly realized that more Member States had some capability for local tsunami warning than thought. Clearly, WG1 needs an accounting of existing tsunami warning seismic networks before it can make informed decisions as to how to leverage existing assets and where or what additional assets may be needed. Further discussions brought to light that the development of analysis software based on an open-source and platform independent model by existing warning centers can help kick-start national tsunami warning centers.

Another issue that generated much discussion was the use of technologies such as GPS or strong motion sensor arrays in the context of tsunami warning. Much along the same lines there was also discussion regarding new cabled geo-ocean observing systems being installed around the world  [Neptune (~2000-km cable), Japan Tokai (~200-km cable)].

Categories of Recommendations

The 20 recommendations made at the WG1 intersessional meeting in Honolulu (Mar. 15-16) meeting tended to fall in a few categories, and the suggestions/additional recommendations made in Melbourne also fall into these same categories. These categories are:
· Infrastructure of Seismic Networks/Data Access

· Filling in The Gaps of The PTWS (in terms of both instrumentation and coverage of the PTWS)

· New technologies for Tsunami Warning

· Sharing Operational Techniques and Procedures

· Other Recommendations

Specific Recommendations of WG1 to ICG/PTWS-XXI

In this section the recommendations are listed by category.

Infrastructure of Seismic Networks/Data Access
1. The WG recognized that the international tsunami warning system depends largely upon the real-time seismic waveforms made available by the Global Seismographic Network (GSN), and noted that this scientific network is funded largely by the US National Science Foundation and the US Geological Survey.  The WG also recognized the important contributions made by international and Member State organizations toward this Network.  However, the WG noted that the function of these organizations is primarily for earthquake monitoring and research, and not tsunami warning.  The WG thus strongly stated that it is essential that the GSN and other contributing networks should be sustained at high levels of operational reliability for tsunami warning.
2. The WG stated that open and unrestricted access to real-time data is essential for both research and operations.  These data include seismic and sea level time series.
3. The CTBTO presently provides its primary station and hydro-acoustic data to tsunami warning centers.  The WG noted its high value as presented by the JMA and PTWC, and recommended that this data flow be continued.  The WG also recognized the importance of auxiliary station data for tsunami warning, and recommended that these be also made available in real time.
4. The CTBTO shares its Global Communications Infrastructure (GCI) with the GSN, and this telemetry is vital for tsunami warning systems.  The WG recommended that the IOC recognize and encourage that this important cooperation with CTBTO continue.

5. The WG recognized the world wide coverage and open data availability of stations of the International Federation of Digital Seismograph Networks (FDSN), and recommended that global, regional, and local Tsunami Warning Systems work with FDSN and its member networks to incorporate real-time data from available FDSN stations.
6. The WG recognized that all seismic coverage is from land-based seismic stations, and that almost no coverage is available seaward from the major seismogenic zones around the Pacific.  The WG noted that this is a fundamental gap in the PTWS’ ability and speed to characterize the earthquake source in near real-time.  It was recognized that extensive deep-ocean tsunami infrastructure is being developed and deployed to monitor sea levels in real time.  The WG recommended that enhancing these systems with seafloor seismic and acoustic sensors should be explored and developed.

7. The WG discussed the requirements for high-quality real-time seismic waveforms.  For this, the concepts of waveform completeness and timeliness of receipt were agreed to be the most important metrics. Complete data must have little or no gaps.  Latency should be as small as reasonable.  The WG recommended definitions of Completeness and Latency to facilitate the discussion of seismic transmission standards. It was recognized that Latency is comprised of several components; data record size (buffer), telemetry (including internet) latency, data reformatting and server latency. The WG recommended that transmission latency should be defined as the difference between current time and the time of the last datum received in the most recent packet, emphasizing the vertical 20sps channel. Networks should note the respective data record size for channels. Measures of latency should include median statistics to avoid effects of large outliers. Data servers should measure and note server latency due to data reformatting or internal buffers. The amount of tolerable latency depends on need. It is recommended that for teleseismic processing, buffer latency of twenty seconds is desirable and a buffer latency of second is desirable for local seismic processing.
8. As National systems develop their capabilities, their data should be shared in real time with the regional centers to simultaneously enhance the capabilities of the regional and basin-wide warning centers.

9. The WG recognized that the best seismometers for determining the tsunamigenic potential of an earthquake are Streckeisen STS-1.  Therefore, the WG stated that is incumbent for Member States with STS-1 sensors to share the data in real time.
Filling in The Gaps of The PTWS

10. The Pacific Tsunami Warning Center provides timely international tsunami warnings for tele- and regional tsunamis.  However, given that the time elapsed before an initial bulletin is issued by the PTWC may range from 10 to 20 minutes, the WG recognized the limitations of the PTWC to provide local tsunami warnings (outside of Hawaii), and recommended each Member State to consider national or coordinated sub-regional tsunami warning centers to address local tsunami hazards.  The WG encourages Member States with local capabilities to share their know-how and experience.
11. The WG recognized the high value of providing guidance on the establishment of local warning capabilities, and recommended this issue be addressed by the Working Group on the Medium-Term Strategy for the Pacific Tsunami Warning and Mitigation System.
12. The Southwest Pacific faces a significant threat from locally-generated tsunamis that is not currently addressed by any local warning system.  The WG reaffirmed the Action Plan developed by eight SOPAC Member States during the South Pacific Tsunami Awareness Workshop in July 2004.
13. Countries along the Middle America Trench face a significant threat from locally-generated tsunamis and in some cases, this threat is not currently addressed by any local warning system.  The WG encouraged the Working Group for the Central America – Pacific Coast Tsunami Warning System to actively continue its activities to enable the timely dissemination of local warnings to coastal populations.
14. Produce, keep updated and distributed via a web based service a map showing the relevant instrumentation networks for all Member States. The IOC is to conduct a survey of the Member States to retrieve this information. GeoScience Australia has suggested a willingness to compile the information from this survey into a database. Member States should then send updates on their capabilities to GeoScience Australia.
15. The WG recognized that there currently are significant Internet and telemetry bandwidth limitations into PTWC which restricts bringing available, high-quality seismic, hydroacoustic, GPS and other relevant real-time continuous data for tsunami warning operations. The WG recommends that these limitations be reviewed and rectified at PTWC and at other TWS to assure adequate, dedicated bandwidth for available data flow.
16. The WG recognized and recommended that the GSN constitute the basis for the Pacific Core Network, encouraged the designation of additional real-time FDSN stations in the Core Network, and agreed that additional stations to densify the network, such as in the Southwest Pacific, South China Sea, and seaward of major seismogenic zones, will be very valuable.

New technologies for Tsunami Warning
17. The WG recognized GPS to be a promising technology for quickly measuring displacements resulting from earthquakes in real time. Such technology is potentially very useful to address the local tsunami warning problem and great global earthquakes.  The WG recommended that further research was needed to evaluate the use of GPS for tsunami warning methodologies.
18. The WG was concerned that STS-1 sensors are no longer being manufactured, and that no adequate replacement is in sight.  Furthermore, existing deployed sensors are aging.  The WG stated that it is necessary for the continued integrity of the tsunami warning system that a successor be developed as soon as possible.
19. Operational tsunami warning should take advantage of new cabled geo-ocean observing systems going in around the world.  [Neptune (~2000-km cable), Japan Tokai (~200-km cable)].  To date the tsunami warning centers have not been involved in the planning of these systems. It is recommended that the IOC facilitate communication between the warning centers and the groups deploying these deep sea observing systems.

20. The tsunami warning system should explore the use of strong motion sensor arrays to rapidly determine the size and nature of the rupture of large earthquakes. Modeling should be conducted to establish criteria for assessing the appropriate thresholds for ground accelerations recorded by these arrays at which the genesis of a destructive tsunami is likely.

21. The tsunami warning system should explore the use of broadband sensor arrays to determine earthquake rupture characteristics.

Sharing Operational Techniques and Procedures

22. The WG highly recommended that regular scientific symposia be convened to focus on improving tsunami warning systems and their operational procedures.  The WG noted that the IUGG Tsunami Commission has convened such meetings on tsunami research, but not on operational systems, and further noted the need and high value for such symposia on real-time seismology.
23. The WG recognized that research plays a fundamental role in developing better ways of characterizing earthquakes and their potential for tsunamigenesis, and that it is critical that this research be developed into operational tools.  The WG recommended that these tools should be openly shared with earthquake monitoring centres and tsunami warning centres.
24. Existing TWCs should make their operational software available to developing TWCs.  TWCs should move towards more modular, portable, open-source, platform-independent software to help facilitate this type of exchange. The PTWC is beginning this process with some of its operational software.

Other Recommendations

25. The WG recognized that additional threats from tsunamis are generated by landslides, volcanic explosions, and meteorite impacts, but noted that current tsunami warning systems cannot adequately warn for these events.  The WG recommended that further evaluation of these threats is merited.
26. The WG identified the strong need for synergy between other ICG Seismic Working Groups in the Indian Ocean, Caribbean and Adjacent Regions, and the North-eastern Atlantic, Mediterranean, and Connected Seas, and called for the IOC to take a leadership role in integrating and coordinating common activities.
