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REPORT TO THE INTERNATIONAL TSUNAMETER PARTNERSHIP FOR THE THIRTY-THIRD SESSION OF THE DBCP
(Brest, France, 14–17November 2017)

1. Summary

	Name of Action Group
	International Tsunami Partnership (ITP)

	Date of report
	3 NOVEMBER 2017

	Overview and main requirements addressed
	Activity since last report (DBCP-32):  status of Tsunameters; (appendix A); issues/enhancements to data sharing, technological developments, challenges, other

	Area of interest

	Discussion Topic 1: Key International Partnerships in 2017

Discussion Topic 2: Potential Opportunities for 2018.  

	Type of platform and variables measured
	Surface expressions (buoys and autonomous vehicles) and deep ocean water level recording devices

	Targeted horizontal resolution

	IOC Tsunami Programme:
http://www.ioc-tsunami.org/index.php?option=com_content&view=featured&Itemid=93&lang=en

Promotes a coordinated but regionalized approach to awareness, risk assessment, observation networks and early warning systems 

	Chairperson/Managers
	Dr. Venkatesan; Mr. Stephen G. Cucullu

	Coordinator
	Kelly Stroker

	Participants
	DBCP Representatives

	Data Centre(s)
	Various

	Website

	http://ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1638

	Meetings
(meetings held in 2015/2016; and planned in 2016/2017)
	32nd session of the DBCP, La Jolla 2016

23 and 24 February 2017, 10th session of Working Group on Tsunamis and Other Hazards Related to Sea-Level Warning and Mitigation Systems (TOWS-WG), Paris cedex 07, France.Annexure –3
http://www.ioc-unesco.org/index.php?option=com_oe&task=viewEventRecord&eventID=1894

	Current status summary (mid-2017)
	Refer to section 2.1.

	Summary of plans for 2018
	Refer to Section 2.2.





2. Deployments Accomplished 2016/2017& plans for 2017

2.1. Accomplished 2016 / 2017

2.1.1. BOM – Australia:

Two service voyages were conducted in the last 12 months.
[bookmark: _Toc395709585]Coral Sea
Restoration of 55012 Coral Sea was achieved by deployment of an ETD buoy complete with inverse catenary mooring over existing recoverable MF bottom pressure recorder (BPR), following an earlier mooring failure.
Tasman Sea
Restoration of 55042 Tasman Sea was achieved by deploying an LF STB buoy and LF BPR.
Sustainment of 55015 Tasman Sea was achieved by routine exchange of the LF STB buoy with an LF DART II buoy.

2.1.2. INDIA: 
India is maintaining 7 Tsunami buoy in network
Three service voyages were conducted in the last 12 months.

Bay of Bengal
This voyage was undertaken in October 2016 on-board ORV Sagar Kanya and during March 2017. The following activities were undertaken:
· Replace new surface buoy and Bottom Pressure Recorder (BPR) at 23223in the Bay of Bengal
· Retrieve the BPR system at 23217 location during March 2017.

Arabian Sea

Two voyages were undertaken in November 2016and March 2017 on-board ORV Sagar Nidhi. 
· Complete replacement of new ITB system (Surface buoy system & recoverable BPR) at 23226.
· Restoration of 23228 by re-deployment of surface buoy and BPR system during March 2017.
Presently 5 Tsunami buoys are reporting data to Indian Tsunami warning centre at Hyderabad and same being shared to NOAA –NDBC. 

2.1.3. United States:

NOAA:

NOAA-NDBC deployed a replacement Tsunameter at station 52402 (East of Guam) with next generation acoustic communications technology allowing a slack mooring to be used.  The system has performed well since deployment and should enhance mooring reliability efforts for buoys deployed in high ocean current areas.  Similarly, NDBC conducted an internal reliability study on mooring history and held an internal workshop on Bottom Pressure Recorder (BPR) performance and work processes.  The mooring study looked at a recent history (5 – 7 years) of mooring failures andconcluded that there was a high incidence of failure at recurring locations.  In other words, there were regional impacts at certain locations.  The causes are believed to be vandalism related or due to high ocean currents.  These two sub-categories were further dissected to attribute the cause of both at those locations of concern.  Clear patterns were believed to exist making the locations more likely to be caused by one failure mode or the other.  The one-day BPR workshop produced several improvement areas, but did not deliver as exact of root causes of failure.  Future areas of improvement outlined two predominant areas for improvement.  The first in further tracking or serializing of components of interest and the second in more expedient transition to newer systems that would reduce identified failure avenues. 

Finally, an important collaboration occurred between the United States, New Zealand, and Australia in the form of a joint voyage between members of the NDBC technical team, a host of New Zealand Government agencies including GNS Science, and the Australian Bureau of Meteorology to repair the station located off the coast of New Zealand – Station 54401.  A statement from the after action release to the public stated that, “This collaboration is emblematic of the coordination facilitated by the UNESCO Intergovernmental Working Group for the Pacific Tsunami Warning System. It is anticipated that New Zealand, the United States and Australia will continue to work together to improve and sustain the tsunami warning system in the Pacific.”

2.1.4. China –State Oceanic Administration (SOA)

State Oceanic Administration (SOA) of China is responsible for operating the tsunami warning and mitigation system in China. Two tsunami buoy and coastal seismic stations have been installed by SOA to detect earthquakes that may trigger local tsunamis. In South China Sea, two tsunami buoys had been deployed by the South China Sea Branch of SOA.

2.1.5. VENDORS

2.1.5.1. Science Applications International Corporation (SAIC) –

Summary of accomplishments for 2017:

In 2017, Science Applications International Corporation (SAIC) completed a number of significant accomplishments in support of our customers, during the last 12 months:

· Australia:The Australian Bureau of Meteorology (BOM) and SAIC signed a four year tsunami buoy production and services agreement, with options for six more years.  Under this agreement SAIC has produced and delivered one SAIC Tsunami Buoy–Mid Frequency (STB-MF) system and several system components.  As second STB-MF and components are currently in production.

· India:  SAIC upgraded a Generation 2 (GEN 2) STB to a Generation 3 (GEN 3) SAIC Tsunami Buoy–Mid Frequency (STB-MF) system for the Indian National Centre for Ocean Information Services (INCOIS). In April and May 2017 SAIC engineers recovered an STB system in the Bay of Bengal.  On the same mission, SAIC engineers recovered a second STB system and deployed the upgraded STB-MF system in the Arabian Sea.  SAIC is currently reconditioning one STB system and upgrading it to STB-MF for INCOIS.    These STB-MF systems are providing data to GTS and NDBC.

· Thailand:  SAIC completed production and delivery of two Easy-to-Deploy (ETD) DART systems for Thailand’s National Disaster Warning Center (NDWC). One ETD DART was deployed in the Andaman Sea in January 2017 and has been operating extremely well since then. This ETD DART system provides its data to NDBC. The vandalized STB in the Bay of Bengal near 9°N 089°E will be replaced with a new STB surface buoy and mooring system and a reconditioned bottom pressure recorder in October 2017.

· Chile: SAIC provided a wide range of components including two fitted out STB buoys to the Chilean Hydrographic and Oceanographic Service. The Chilean Generation 4 research and development effort continues with NOAA.  All tsunami buoy data is received by NOAA.

· To date, SAIC has produced and delivered 40 Tsunami Buoy systems (STB-MF, STB, and ETD DART) for its customers in Australia, Chile, China, India, Japan, Russia, Thailand and NOAA NDBC. Two additional buoy systems are available in SAIC’s inventory for rapid delivery. In addition to buoy production, SAIC continues to provide a wide range of reconditioning and repair services for previously deployed SAIC tsunami buoy systems, as well as replacement parts and components.  


2.1.5.2. Fugro Oceanor – Nil

Sonardyne – 
Report to the ITP from Sonardyne International Ltd, UK
 
The September 8th earthquake and tsunami off Mexico was successfully detected and reported via the tsunami buoy 32489 operated by DIMAR in Colombia. The BPR used in that system is the newer 6G BPR from Sonardyne that uses the most reliable, advanced acoustic telemetry technology available. The event generated a relatively small wave that only just met the detection threshold of 3cm. The same event did not trigger the Sonardyne BPR at the neighbouring station 32067 operated by INOCAR in Ecuador.
 
Sonardyne continue to develop seabed monitoring and logging systems and now have products in the field that will operate for 12-15 years from a single battery pack. Using a glass pressure housing, a BPR version could be easily generated that would operate continuously for 10 years, making significant operating cost savings by removing the need for periodic battery changes. This style of instrument can be provided with or without an acoustic release.
 
A number of BPRs have been returned from India for a refurbishment after 10 years of service. All were reworked and are now ready for many more years of operation
2.1.5.3. 


2.2. Upcoming Plans:

2.2.1. Australian -- Bureau of Meteorology -Two service voyages are planned for the next 12 months.

Indian Ocean – November 2017
· Restoration of 56001 Indian Ocean will be achieved by deploying an MF DART II buoy, or by deployment of an LF STB buoy, complete with taut mooring and LF BPR.
· Sustainment of 56003 Indian Ocean will be achieved by deploying a new MF STB buoy, complete with taut mooring and MF BPR.

Coral Sea – April 2018
· Restoration of 55023 Coral Sea will be achieved by deployment of a new MF STB buoy, complete with taut mooring and MF BPR.
· Sustainment of 55012 Coral Sea will be achieved by exchanging the ETD buoy over the existing recoverable MF BPR.

2.2.2. The INDIA Tsunami program:
Arabian Sea: 
· One service voyage is planned in the next 12 months during October-Novemberfor Complete replacement of new ITB system (Surface buoy system & recoverable BPR) at 23226.

Bay of Bengal:
· Two Service voyages are planned in the next 12 months during January 2017for recovery of old Surface buoy and BPR from 23223 referred as ITB-09 buoy.
· Servicing the old surface buoy and BPR system at 23218 and 23219 during April 2017.
· Technology development is progressing well with low power device is being developed


2.2.3. Thailand:
· SAIC engineers are also deploying one STB for Thailand’s NDWC in the eastern Bay of Bengal,in early October 2017.



3. Data management

3.1. Distribution of the data (USA): 

The NOAA National Data Buoy Center receives data from its buoys via Iridium constellation.  The data are delivered to the National Weather Service Telecommunications Gateway (NWSTG) which then distributes the data in real-time to two Tsunami Warning Centres(TWCs) via NWS communications and nationally and internationally via the Global Telecommunications System.  The bottom pressure recorders of US owned buoys may be placed in high resolution event mode via two way communications initiated by the TWCs or NDBC mission control centre personnel.

Indian tsunami buoy data sets are delivered to Indian Ocean Tsunami Warning Centre INCOIS and National Data Buoy centre.

Data from Australian tsunametersData from Australian tsunameters is transmitted on the GTS. There are no other data sharing arrangements currently in place, e.g. for 15-sec data from recovered bottom-pressure recorders. Data is also available through NOAA’s National Data Buoy Centre (e.g. http://www.ndbc.noaa.gov/station_page.php?station=55015)

3.2. Data policy

Distribution of data has been largely centralized in the west with other partners relying on localized distribution and more of a regionalized approach.  Through agreement with NOAA, Thailand, and Chile have provided the data feed to NOAA-NDBC and the US TWCs.   The data for those partners’ stations are displayed on the NOAA-NDBC Website.  The control of high resolution data or “event mode triggering” for those stations remains with the host countries. Several additional countries make their data available to the GTS (refer to the annex). 

3.2.1. Australian -- Bureau of Meteorology: Make their data available through GTS.

3.2.2. Real-time data exchange

The Iridium RUDICS service is used for data communications

Data timeliness

The BoM systems are located to ensure at least 30 min travel time from the source to the buoy (in order to separate the seismic signal from water perturbations). It is usual for the systems to be triggered by the seismic signal before any true water height perturbations arrive

Event Mode

One minute averaged data reaches the BoM every 8 min of the first 90 min of an event and then every 16 min until approximately 180 min have elapsed since the event.

Non-event mode

Data is delivered every six hours in 15 min resolution.

3.2.3. Delayed mode data exchange

Data is archived at BoM and at NOAA NDBC and National Geophysical Data Centre.

3.2.4. Indian Tsunami buoy

3.2.5. Distribution of the data

Data from Indian tsunameters is transmitted through FTP to NDBC and also on the GTS. There are no other data sharing arrangements currently in place in real time; e.g.for 15-sec data from recovered bottom-pressure recorders. 
Data is also available through NOAA’s National Data Buoy Centre 
(e.g.:  http://www.ndbc.noaa.gov/station_page.php?station=23219 ).

3.2.6. Data policy

Pushing through FTP to NDBC server and freely distributed onto the GTS

3.2.7. Real-time data exchange

The Iridium RUDICS service is used for data communications

3.2.8. Data timeliness

The ITEWS systems are located to ensure at least 30 min travel time from the source to the buoy (in order to separate the seismic signal from water perturbations). It is usual for the systems to be triggered by the seismic signal before any true water height perturbations arrive

Event Mode

STB system - One minute averaged data reaches the ITEWS every 8 min of the first 90 min of an event and then every 16 min until approximately 180 min have elapsed since the event.

ITB system – thirty second averaged water level data reaches the ITEWS every 5 min of the event until approximately 180 min since the event.

Non-event mode

STB - Data is delivered every six hours in 15 min resolution.

ITB – Data is delivered every one hour in 15 min resolution.

3.2.9. Delayed mode data exchange

Data is archived at Sea Level Data Server of ITEWS at INCOIS and at NOAA NDBC.  

India has also developed a Bottom Pressure Recorder for technology indigenization and it worked satisfactorily.



3.3. Real-time data exchange

As shown in the Annex, a significant portion of the users are making their real time data available through the GTS. There continues to be a positive trend and is a notable event in international collaboration. Approximately, 77 percent of the deployed Tsunameters are providing data through the GTS.
India is making data available through GTS to NDBC website 

3.4. Delayed mode data exchange

The US recovers and analyzes the data recovered from BPR flash storage.  Short durations of high resolution data can be recovered via two way iridium communications if requested by TWCs.

India is sharing the data through GTS and CREX format data being exchanged to NDBC centre.

3.5. Data quality

The NDBC publishes its Handbook of Automated Data Quality Control Checks and Procedures on its website; specifically, at the following URL:  http://www.ndbc.noaa.gov/NDBCHandbookofAutomatedDataQualityControl2009.pdf

The mode of exchange of the above data shall be through Global Telecommunication System (GTS) on through any other appropriate is to be implemented jointly by the India Meteorological Department (IMD) and the Indian National Center for Ocean Information Services (INCOIS). The real time access to the data to various international agencies is extended on request to the NTWC and RTWP operated by India at the INCOIS, Hyderabad

3.5.1. Australian -- Bureau of Meteorology: 

Quality control is restricted to visual inspection of the data. 

3.5.2. INDIA:
Quality control is restricted to visual inspection of the data. 

4. Instrument practices

The NDBC will share details on best practices and processes used to ensure traceability and accuracy with users.  The NDBC is identified as a Regional Marine Instrumentation Center (RMIC) and has conducted several international meetings on this topic at its Stennis Space Center, Mississippi facility. NDBC is developing a publicly facing website which will provide best practices used in its RMIC

NIOT India follows best of practices and methods to ensure accuracy in provided data to users. 

	Australian -- Bureau of Meteorology follows Manufacturer’s procedures and recovered equipment is provided to manufacturer for inspection, refurbishment and testing.

5. Challenges:

5.1. INDIA:
Vandalism 
There wasa case of Vandalism in Arabian Sea.  The Buoy at ITB 12 at 23226 has been damaged and sensor mast was lost with antenna and which stopped the transmission from the Surface Buoy. BPR retrieved, buoy was serviced and restored the location during October 2016.

Ship Time

Delay in servicing of buoys in Arabian Sea due to ship time unavailability in fair weather

Weather

Tried servicing TB12 buoy once during July 2017 and in June 2016 but due to rough weather the servicing was called off both times.

5.2. Australian -- Bureau of Meteorology:

Buoy mooring failures and external interference are notable challenges faced by the program. 

The current outage at 55023 Coral Sea is the result of a mooring failure in June 2017. Unauthorized use of the mooring at 56001 Indian Ocean was witnessed at the time of failure in June 2017; however this buoy is yet to be recovered and assessed.

6. Technological developments


6.1. Australian -- Bureau of Meteorology:

Alternative technologies for deep-ocean tsunameter operation are being watched, but none seem mature enough for operational use at this time.

There is moderate interest in the performance of 4th generation DART technology currently being evaluated by the PMEL. 

6.2. The INDIA Tsunami program Sagar Bhoomi:

Indigenously developed Indian Tsunami Buoy System (ITBS) comprises of an indigenous Bottom Pressure Recorder (BPR) anchored to the sea floor and Indigenous Surface Buoy System (Buoyancy module with mooring & Buoy electronics) with increased lifetime and bi-directional communication links with reliable acoustic communication.

The system worked satisfactorily for 135 days at 3300 m depth and was recovered during February 2016.The Sagar Bhoomi system has new generation surface buoy system and indigenously developed Paroscientific pressure sensor based bottom pressure recorder for monitoring the hydrostatic pressure using NOAA tsunami detection algorithm.
	
There were few design changes that were made for the Bottom Pressure Recorder system with same specification as the DART II system, which was used during the Bay of Bengal cruise other than that there been no technological developments made this year. Alternative technologies for deep-ocean tsunameter operation are being watched, but none seem mature enough for operational use at this time, e.g. telecommunications cable-based sensors; wave glider technology for temporary or permanent replacement of surface buoys and GPS.

6.3. The NOAA/NWS Tsunami Program :
DART-4G is designed to take advantage of new sensing and processing technologies to detect a tsunami while the earth is still shaking. This design allows the system to be located closer to a potential earthquake source and so might provide faster detection of tsunami waves. The DART-4G can also work outside the near-field zone and perform as a traditional DART system. In order to verify the design and anticipated rapid sensing capabilities, we need in-situ testing. The data will be routed through the National Data Buoy Center (NDBC) who is now positioned to ingest these data, and put onto the GTS for global real-time distribution to the tsunami warning centers and to PMEL for analysis.  All DART-4Gs will be deployed for two years during which time detection schemes will be evaluated and updated as we learn about near-field tsunamis, what the technology can detect, and how best the information can be used for earlier tsunami warning. A November 11 6.9MW earthquake near Illapel, Chile activated the DART-4G's and the functionality was tested.  Although no tsunami was measured at the buoys it was an important test of the filtering algorithm.  The testing report, comparison with models and tide gauges can be viewed here (http://nctr.pmel.noaa.gov/chile20151111/).


CABLES

Dr Venkatesan India has been invited to join Joint Task Force  JTF SMART Subsea Cables and attended teleconference meeting in October 2017 He will be attending a meeting in Brest France on 13 November This task force would investigate the use of submarine telecommunications cables for ocean and climate monitoring and disaster warning The International Telecommunication Union (ITU), the Intergovernmental Oceanographic Commission of the United Nations Educational, Scientific and Cultural Organization (UNESCO/IOC), and the World Meteorological Organization (WMO) established the Joint Task Force (JTF) in late 2012.












































Annexure - 1

Status maps and graphics

	Global Tsunameter Network
	 
	 
	 
	 
	 
	 
	 

	Country
	# Sys.
	Avail.
	Tsunameter Types
	Local Reception
	Data to GPS
	Data to FTP
	Data Formats
	Vandalized Stations

	Australia
	6
	4
	SAIC - STB        SAIC – ETD
DART II MF
	Yes
	Yes
	No
	NOAA-DART     BUFR/CREX
	

	Chile
	5
	5
	DART - II
SAIC – STB
PMEL 4G
	Yes
	Yes
	Yes
	NOAA-DART
	

	China
	No Info.
	No Info.
	DART - STB
	Yes
	No
	No
	NOAA-DART     BUFR
	

	Ecuador
	2
	1
	EBM22TS Mediterráneo Señales Marítimas
 (MSM)
	Yes
	Yes
	Yes
	NOAA-DART
	

	India
	6
	6
2 NIOT
4 SAIC
	SAIC-STB     Indian Buoy Sagar Bhoomi -Sonardyne
	Yes
	Yes        INCOIS
	No
	BUFR/CREX
	

	Indonesia
	No Info.
	No Info.
	InaBuoy        SAIC-ETD
	Yes
	No
	No
	Local Format   NOAA-DART
	

	Japan
	-
	-
	-
	-
	-
	-
	-
	

	Malaysia
	No Info.
	-
	-
	-
	-
	-
	-
	

	Republic of Korea
	No Info.
	No Info.
	-
	-
	-
	-
	-
	

	Russia
	-
	-
	-
	-
	-
	-
	-
	

	Thailand
	2

	1
	SAIC-STB
ETD
	No
Yes
	Yes
Yes
	Yes
No
	NOAADART
 -
	

	USA
	39
	29
	DART - II 
	Yes
	Yes
	Yes
	NOAA-DART
	


[bookmark: _GoBack]
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Source : http://www.ndbc.noaa.gov/dart.shtml dated: 01.Sep 2016
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	WORLD METEOROLOGICAL ORGANIZATION
____________

	INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSIION (OF UNESCO)
____________


[bookmark: _Ref357075190][bookmark: _Toc357081379][bookmark: _Toc357508209][bookmark: _Toc386101308][bookmark: _Toc390247921][bookmark: _Toc418154740][bookmark: _Toc420496195][bookmark: _Toc196727184][bookmark: _Toc196733168][bookmark: _Toc196733767][bookmark: _Toc196734198][bookmark: _Toc196816330][bookmark: _Toc196819838][bookmark: _Toc196819957]ANNEX II
[bookmark: _Ref386183336][bookmark: _Toc390247922][bookmark: _Toc418154741][bookmark: _Toc420496196]DECISIONS AND RECOMMENDATIONS
The Ninth Meeting of the Working Group on Tsunamis and Other Hazards Related to Sea-Level Warning and Mitigation Systems (TOWS-WG-IX) was held in Paris, France, on 25-26 February 2016 under the Chairmanship of Mr Alexander Postnov (IOC Vice-Chair). The meeting evaluated progress in actions and decisions taken by the Governing Bodies through IOC-XXVIII/Dec. 8.2.
The Group noted the IOC-XXVIII/Dec. 8.2 to extend TOWS-WG for the intersessional period (i.e. up to IOC XXIX Assembly). 
The Group acknowledged the necessity for ICGs to include in their future reports to the IOC Governing Bodies a section with their performance against targets of the Sendai Framework for Disaster Risk Reduction 2015-2030, as soon as these are established by the definition process led by United Nations Office for Disaster Risk Reduction (ISDR). 
The Group noted with satisfaction the progress made by the four ICGs (Intergovernmental Coordination Groups) during the last intersessional period as summarized in this report.
The Group stressedthe strong need for Member States to sustain technical and financial support of the tsunami warning systems in their respective regions.
The Group underlined the need to increase focus on tsunami awareness in communities and among authorities through communication and tsunami wave exercises, training, information, and community preparedness and recognition programmes.
The Group noted the information presented by the World Meteorological Organisation (WMO) with regards to the WMO International Register of Alerting Authorities and recommended ICGs to encourage Member States to include National Tsunami Warning Centres in the register via their national WMO permanent representative.

The Groupaccepted the recommendations from the Task Team on Disaster Management and Preparedness and requested the Task Team to implement them and in particular the following activities which are still in progress:
· Finalizing the Standard Operating Procedure Manual by the end of March 2016
· As an outcome of the Tsunami Evacuation Mapping and Planning Project, establish Evacuation Mapping Guidelines 
· Consideration of Business Continuity Planning guidelines with a tsunami focus
· Consolidation of tsunami guidance to Ports

The Group requested the Task Team on Disaster Management and Preparedness to consider development of Key Performance Indicators in line with the Sendai Framework and to facilitate reporting by ICGs to the IOC Governing Bodies in line with XXVIII Dec 8.2. 

The Group recognized the adoption of the Tsunami Ready program by the ICG/CARIBE-EWS and that these guidelines are now available for other ICGs.

The Group noted that the guidance for hotels developed by ITIC and NEAMTIC established a sufficient basis for use by ICGs.

The Groupaccepted the recommendations from the Task Team on Tsunami Watch Operations in particular on: 
· Revisions of the Area of Service and PTWS Earthquake Source Zone maps (as outlined in Annex IV Appendix 4)
· Studies of Green’s Law for Tsunami Wave Forecasting and that each ICG examine for implementation of its modifications that are reported to give more accurate estimations of tsunami wave amplitudes at the coast, while also noting the importance of coastal sea level gauges for validating the performance of these new methodologies.
· Adoption of the Global Service Definition Document subject to editorial amendments as appropriate, and with a view to publication prior to IOC Executive Council IL in June 2016.
The Group appreciated the efforts of the International Tsunameter Partnership Group (ITP) under the Data Buoy Cooperation Panel (DBCP) in preparing the "Tsunameter Equipment Performance Standards and Guidelines", and further requested DBCP-ITP to (i) recommend a standard data format and encourage its use by tsunameter manufacturers, station operators and data centres to enable real-time data access to the tsunami service providers, (ii) find ways to keep the equipment and operations costs low to ensure sustainability of the tsunameter networks, (iii) enhance redundancy of satellite communication channels by using some different satellite communication services to ensure high availability of data and (iv) ensure mechanisms to trigger tsunameters based on seismic waves and also the capability for the operator to trigger tsunameters based on requests from authorised TSPs and NTWCs.

The Group requested the Task Team on Tsunami Watch Operation to 
· Continue to work with IHO/IMO/WMO Sub-Committee on the World-Wide Navigational Warning Service (WWNWS-SC) on the development of products by Tsunami Service Providers for use by the maritime communities.
· Consider Tsunami Watch Operations for tsunamis generated by non-seismic sources.
· Provide feedback on the optimal design of sea level monitoring networks for tsunami alerting and other sea level related hazards.
· Continue to review and update living documents such as the Global Service Definition document consistent with the Task Team’s Terms of References (ToRs). 
· Review the potential for integration of data from Global Navigation Satellite System (GNSS) into Tsunami Watch Operations.
The Groupaccepted the recommendations by the Task Team on Hazard Assessment Related to Highest Potential Tsunami Source Areas in particular:
· Recent case studies demonstrated complexity and variability, as well as importance of other types of tsunami sources and that earthquake generated Tsunamis can happen in any subduction zones.
· Ongoing attempts such as Global Earthquake Model project (GEM)and that GEM can contribute guidance for tsunami threat assessments. 
· Tsunami hazard assessment should consider probability and uncertainty and notes the Global Tsunami Modelling (GTM) initiative in this regard. 
· Stress the need for closer interaction between scientists and disaster managers in order to develop integrated disaster risk reduction. (The following document may serve as a general reference for ICGs - Tsunami risk assessment and mitigation for the Indian Ocean Knowing your tsunami risk – and what to do about it; [IOC Manual and Guides 52; second edition, 2015]).
The Group expressed its thanks to the Task Team and Professor Kenji Satake (Chair) on the work and guidance provided.
The Group noted that the Task Team has completed its work in accordance with ToRs and recommended that the Task Team be dissolved.
The Group noted the ongoing review of theIHO-IOC General Bathymetric Chart of the Oceans (GEBCO) Project (IOC Decision XXVIII 6.2) and acknowledged the importance of the project for tsunami modelling and forecasting.
The Grouprecognized that the current financial situation strongly limits the implementation of the tasks of the Group, ICGs and Inter-ICG Task Teams and recommended that the Member States to increase their extra-budgetary contributions to the IOC to provide the needed resources for the priorities identified by TOWS-WG and ICGs. 
The Group appreciated the efforts by the DG to provide support from the Emergency Fund and reprogramming under the 37 C/5 programme (2014-2015), (i) enabling IOC to continue operation of Caribbean Tsunami Information Center (CTIC) until the end of 2015, (ii) provide additional training on PTWC enhanced tsunami products in the Pacific and Caribbean,(iii) develop exhibits for the 70 year anniversary of the Makran Tsunami; and (iv) the inaugural meeting of the North West Indian Ocean Sub-regional working Group.
The Group notedthat eight months of funding for CTIC’s operation has been secured for 2016.



IOC/TOWS-WG-IX/3
Annex II
IOC/TOWS-WG-IX/3
Annex II – page 14

IOC/TOWS-WG-IX/3
Annex II – page 5
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[bookmark: _Ref416968350][bookmark: _Toc418154745][bookmark: _Toc420496200]REPORT OF THE INTER-ICG TASK TEAM
ON DISASTER MANAGEMENT AND PREPAREDNESS
[bookmark: _Toc418154746]23-24 February 2016,
Paris, France
Task Team Members
· David Coetzee (Chair) – Ministry of Civil Defence & Emergency Management, New Zealand; ICG/PTWS 
· Laura Kong – International Tsunami Information Centre (ITIC), Hawaii, USA; ICG/PTWS 
· Harkunti Pertiwi Rahayu – Research Center for Disaster Mitigation, Institute of Technology Bandung, Indonesia; ICG/IOTWMS 
· Ardito Kodijat – Indian Ocean Tsunami Information Centre (IOTIC), Indonesia; ICG/IOTWMS 
· Gerassimos Papadopoulos – National Observatory of Athens, Greece; ICG/NEAMTWS 
· Amir Yahav – National Emergency Management Authority, Israel; ICG/NEAMTWS 
· Denis Chang Seng – ICG/NEAMTIC to NEAMSTWS Technical Secretary
· Alison Brome – Caribbean Tsunami Information Centre (CTIC), Barbados; ICG/CARIBE-EWS
· Patrick Tyburn – French West Indies Emergency Management Organisation, Prefecture de Martinique (France); ICG/CARIBE-EWS
· Bernardo Aliaga – IOC Secretariat 
1. BACKGROUND AND TERMS OF REFERENCE
The Terms of Reference (TORs) of the Inter-ICG Task Team on Disaster Management and Preparedness (TT-DMP) are to:
· Facilitate in collaboration with organization such as UNISDR (United Nations Office for Disaster Risk Reduction), the exchange of experiences and information on preparedness actions, education/awareness raising campaigns and other matters related to disaster management and preparedness;
· Promote preparedness in coastal communities through education and awareness products and campaigns;
· Facilitate SOP training across ICGs to strengthen emergency response capabilities of Member States and their Disaster Management Offices;
· Promote preparedness programs and assessment tools that have been successful in one regional Tsunami Warning and Mitigation System in the others as appropriate;
· Facilitate the coordination of the TICs of the ICGs;
· Report to the TOWS–WG.
The representatives to the TT-DMP are nominated by their respective Chairpersons of the Intergovernmental Coordination Groups (ICGs). The membership consists of two representatives from each ICG, one of which should represent the ICG’s Tsunami Information Center. The IOC Chair appoints the Chair of the Task Team. 

The first meeting of the TT-DMP was held in December 2010 in Seattle, USA (IOC/TOWS-WG/TT2-I/3). Due to funding limitations on the part of both the IOC and task team members’ agencies or countries, the task team was only able to reconvene twice- in February 2014 in Paris, France (IOC/TOWS-WG/TT2-II), and in March 2015 in Morioka, Japan (IOC/TOWS-WG/TT2-III). However, the majority of ICGs were not represented at the Japan meeting. The task team subsequently has had to conduct most of its activities through electronic communication which proved less ideal. 

Due to the limited representation at the 2015 meeting of the task team, this report covers the period 2014–2016.


2. UPDATES FROM ICG WORKING GROUPS RELEVANT TO DISASTER MANAGEMENT AND PREPAREDNESS
The task team collected updates on Disaster Management and Preparedness activities across basins over the last two years. This information is important to reflect the progress and identification of collective relevant issues to be addressed at global level.

2.1 ICG IOTWMS – WG 3 on Preparedness and Response

The 10th ICG IOTWS meeting at Muscat Oman in March 2015 agreed to merge the former WG1 Tsunami Risk Assessment and WG3 Tsunami Preparedness and Response into WG1 Tsunami Risk, Community Awareness and Preparedness. The name of ICG IOTWS has also been formally modified into ICG IOTWMS – Inter Intergovernmental Coordination Group for the Indian Ocean Tsunami Warning and Mitigation System. This emphasizes that the role of the new WG1 to bring science and socio technology into government, society and stakeholders in enhancing awareness and preparedness. 

The new WG1 will interlink with WG2 to accomplish better strategy in reducing potential loss of lives as a result of natural hazards, particularly tsunamis. The new WG1 holds, in particular, the responsibility to ensure appropriate tsunami risk assessment, preparedness and response measures are taken by Member States, and to coordinate and share the best practices of tsunami risk assessment, preparedness, awareness and response initiatives with Working Groups from other ocean basins through the IOC/TOWS-WG-TT on Disaster Management and Preparedness.

Mainstreaming the tsunami risk assessment, warning and mitigation system into development planning is a key issue for WG1. The Working Group’s focus is supporting the understanding of Member States’ risks, including their capacity to assess their risks as the foundation of their development planning. To this purpose, WG1 has continued to conduct Training Workshop on Coastal Hazard Assessment: Application in Risk Assessment and Management for Member States at Colombo in June 2-5, 2015. This training workshop was conducted under UN Economic and Social Commission for Asia and the Pacific (UNESCAP) fund to look at how tsunami risk assessment is encouraged or mainstreamed in the planning of the Member States. About 40 participants from science, engineering, and government participated in the workshop. During this five day workshop, the revised version of IOC Manuals and Guide 52 – Tsunami Risk Assessment and Mitigation for the Indian Ocean was used as reference for the development of Training Manuals.

During 2015, WG1 conducted international research collaboration with Disaster Resilient Research Center of Huddersfields University - UK under Newton Fund in developing a training workshop on the Development of Disaster Resilience Coastal Communities to Enhance Economic Development and Social Welfare. This five-days training workshop conducted in Bandung Indonesia have been attended by 50 academics and researchers from both UK and Indonesia, who are actively engaged with coastal disaster risk reduction programmes in their home countries. The revised version of IOC Manuals and Guide 52 – Tsunami Risk Assessment and Mitigation for the Indian Ocean was used during the training workshop as reference.

WG1 collaborated with WG2, IOTIC and the Secretariat of ICG IOTWMS in conducting a regular Regional SOP Training Workshop for Tsunami Early Warning System at Hyderabad in November 2015. This training was aimed to update and ensure the implementation of tsunami warning system measures agreed in IOTWMS. Several Member States participated from both the eastern and western regions of the Indian Ocean.

There are several activities that will conducted by WG1 collaborated with IOTIC in 2016-2017, i.e. Tsunami Risk Assessment Training Workshops in Mauritius and Seychelles, and a Preparedness Training Workshop in Seychelles, under collaboration with MFIT.

2.2 ICG PTWS – WG 3 on Disaster Management, Preparedness and Reduction

The ICG/PTWS-XXV agreed in 2013 to align the previous terms of reference of its Working Group 3 on Awareness and Response (as determined in the PTWS Medium Term Strategy 2009-2013, ICG/PTWS-XXIII, Annex V), with the new terms of reference of the TOWS task team (as decided by the IOC/TOWS-WG-VI meeting in February 2013), as well as that its title be changed from the “Awareness and Response Working Group” to the “Disaster Management and Preparedness Working Group” so that the PTWS reflects the TOWS direction. 

ICG/PTWS-XXVI in 2015 agreed to reconstitute WG3 under the name of “Disaster Management, Preparedness and Risk Reduction”, and to revise its Terms of Reference accordingly, to:

1. Facilitate in collaboration with TOWS Task Team on Disaster Management and Preparedness and organizations such as UNISDR, the exchange of experiences and information on risk reduction and preparedness actions, and matters related to disaster management;
1. Promote preparedness in coastal communities through education and awareness products and campaigns;
1. Facilitate SOP training across regions to strengthen emergency response capabilities of Member States and their Disaster Management Offices;
1. Develop and promote best practice preparedness material, programs and assessment tools; 
1. Develop and promote best practice tsunami risk reduction material, programs and assessment tools; 
1. Support the ITIC of the ICG.

A primary focus of WG3 remained assisting Member States to prepare for and implement the new enhanced PTWC products that were commenced in October 2014 (IOC/2013/TS/105 REV.3).
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Liaison with Working Groups of other ocean basins and within PTWS

The PTWS supported the following activities in the CARIBE-EWS:
The Vice-Chair of WG3 of PTWS, the International Tsunami Information Centre (ITIC) and the Caribbean Tsunami Warning Programme (CTWP) supported the Caribbean Tsunami Information Centre (CTIC) and the Chair of WG4 of ICG/CARIBE-EWS in organizing and conducting the Regional Tsunami Training Workshop on Strengthening Standard Operating Procedures (SOP) for Tsunami Warning and Emergency Response and the Development of the ICG/CARIBE-EWS PTWC New Enhanced Products (ITIC Training Programme (ITP) – Meso America-Caribbean Countries 3)from 1 to 5 April 2014 in Mexico City, Mexico.  This basic SOP training was the third following trainings in 2013 and 2014 in order to reach all CARIBE-EWS countries. The training provided simultaneous translation into Spanish and English for participants and trainers. Twenty-nine participants took part in the training, of which over half are PTWS Member States - including from Colombia (Dirección General Marítima [DIMAR], Unidad Nacional para la Gestión del Riesgo de Desastres [UNGRD]), Costa Rica (Red de Observación del Nivel del Mar en Costa Rica [RONMAC] de la Universidad Nacional, Comisión Nacional de Emergencias [CNE]), El Salvador (Ministerio de Ambiente y Recursos Naturales [MARN] / Dirección General del Observatorio Ambiental [DGOA]), Honduras (Comisión Permanente de Contingencias [COPECO]), Mexico (Unidad Estatal de Protección Civil y Bomberos de Jalisco, Centro de Alerta de Tsunami [CAT]), Nicaragua (Instituto Nicaraguense de Estudios Territoriales [INETER], Defensa Civil), Panama (Universidad de Panamá /Instituto de Geociencias [IGC-UPA], Sistema Nacional de Protección Civil [SINAPROC]). 

The ITIC and PTWC supported the CTIC and CTWP to conduct the Regional Training Workshop on Pacific Tsunami Warning Center Enhanced Tsunami Products for ICG/CARIBE EWS, December 7-10, 2015, for Caribbean Member States in advance of the March 1, 2016, start of the PTWC Enhanced Products in the Caribbean.  41 participants representing 25 English-speaking countries, 1 Spanish-speaking (Colombia) and four organizations attended.  The ITIC then participated to the CTIC Board Meeting on December 10, 2015.

Training
Since 2013, the ITIC and IOC have conducted tsunami warning decision support training on the PTWC Enhanced Products that were implemented in October 2014 for the Pacific.  Regional trainings were conducted prior to the start, and following, in-country trainings have been conducted on request from individual countries.  

Prior to the start, the following trainings were conducted:

· A Regional Training Workshop on the PTWC Enhanced Products for Pacific Island Countries (ITIC Training Programme (ITP) – Pacific Islands Countries) was held from 22 to 24 May 2014 in Nadi, Fiji.

· A Regional training on ICG/PTWS Pacific Tsunami Warning Center (PTWC) New Enhanced Tsunami Products (ITIC Training Programme (ITP) – LAC PTWC New Products) was also held in Guayaquil, Ecuador, from 2 to 4 June 2014. The training was attended by all South American and Central American member states; generally representing both TER and TWFP centres with the exception of Nicaragua (due to logistical problems). 

· The ITP-Hawaii 2014 was conducted from 18 to 29 August 2014 and attended by 30 participants from 14 PTWS countries, including Nicaragua which could not attend the ITP – LAC PTWC New Products), and Oman representing Tsunami Warning Centres or Emergency Management Agencies. The focus was on preparations for the PTWS enhanced products changeover. ITIC also provided training on the new products to Micronesia, Palau, and Marshall Islands.

· Between April and October 2014, the ITIC conducted PTWC New Products implementation missions to the Marshall Islands, Micronesia (Pohnpei, Kosrae, Chuuk, Yap), and Palau.  Seismic (CISN) and Sea Level (Tide Tool) monitoring tools, Tsunami Travel Time software, and Warning Communication Flow Charts, Criteria Tables, Checklists, and Timeline SOPs were developed for each island state / country by its stakeholders, facilitated by the ITIC and NWS Guam Forecast Office.

Following the October 2014 implementation, the ITIC and IOC conducted in-country trainings that included review and strengthening of each country’s procedures for scenarios that affected them.  For each training, country-customized tsunami hazard atlases of RIFT simulation products were provided.  The following trainings were conducted:

· August – December 2015:
· Tonga (August), Solomon Islands (September), Colombia (October), Cooks Islands (November), Peru (December)
· 2016 planned:  Fiji (March), Vanuatu (April)

Supporting PTWS regional working groups and task teams

An Extraordinary Meeting on Strengthening Regional Coordination Mechanisms for Tsunami Early Warning Systems (Fortalecimiento de los mecanismos de coordinación regional sobre los sistemas de alerta temprana ante Tsunamis) was held in Guayaquil, Ecuador, on 5 and 6 June 2014, coordinated by the South East Pacific Working Group (SEP-WG) and hosted by Ecuador (Instituto Oceanográfico de la Armada [INOCAR]). Themes discussed were: Review of Chile’s April EQs and tsunamis; advances and projects of tsunami warning in Chile, Colombia, Ecuador and Peru; opportunities for cooperation; standardizing information bulletins; use of regional information platforms; exercises: lessons learned and future activities; SEP-WG as a global reference point. The Vice-Chair of PTWS WG3, ITIC and the Pacific Tsunami Warning Centre (PTWC) supported and attended the first day of the meeting. 

The Central America Working Group (CA-WG) was supported by the WG3 Vice-Chair and the ITIC, which will be conducting its Pilot Tsunami Evacuation Maps, Plans, and Procedures (TEMPP) in Honduras inviting other Central America nations and Mexico to participate.  The ITIC has also participated and/or directly supported the PTWS SCS Regional Working Group by providing a list of its awareness materials that are available for customization, and the PTWS WG 2 Task Team on Seismic Data Sharing for the Southwest Pacific, held in Vanuatu, in 2014.

Post-Event Assessment
The 16 September 2015 M8.3 Northern Chile tsunami triggered PTWC Enhanced Product wave forecasts of 1 m or more in two countries, thus triggering conduct of a post-tsunami event assessment (PEA). The tsunami was observed all over the Pacific and caused damage locally in Chile (4.75 m on Coquimbo sea level gauge; 1-2 meeting elsewhere in Chile).  The PTWC issued its 1st threat information in six minutes, and continued for the next 24 hours.  The ITIC, in coordination with the IOC, implemented the ‘Post-Event Assessment of the Performance of the Pacific Tsunami Warning and Mitigation System (PTWS) during the 16 September 2015 Chile Central Earthquake and Tsunami Event’ through IOC Circular Letter 2603 on 13 October 2015, using assessment questions approved by TOWS-WG-VIII (March, 2015).  The 2015 Chile PEA Report will be available for the IOC Executive Council in June 2016.
Guidelines

New Zealand has developed a technical standard for the use of sirens in tsunami warnings (Tsunami Warning Sirens: Technical Standard [TS03/14]). While this standard is not an official endorsement of the use of sirens for tsunami warnings, the work has been conducted in view of the reality that sirens are being used by local authorities for this purpose. The standard describes the required signal, the meaning of sirens, the public education required, the maintenance requirements and other important considerations. New Zealand also reviewed its 2008 guideline on Tsunami Evacuation Zones (DGL08/08). The revised version represents better guidance on evacuation mapping and includes information on land use planning and vertical evacuation. The revised guideline will be published on www.civildefence.govt.nz within the next month.

New Preparedness focus

The Steering Group of the Intergovernmental Coordination Group for the Pacific Tsunami Warning and Mitigation System (ICG/PTWS) agreed in July 2014 that that the next priority of the PTWS after the implementation of the PTWC New Products in October 2014, should be on Preparedness, e.g., that in the end-to-end tsunami warning chain, once a forecast is provided and a warning alert issued, communities must know what to do and where to go. The ‘where to’ answer would be a tsunami evacuation map that has been developed by, and therefore, owned by the community.

The Steering Committee subsequently agreed that ITIC would lead the development of a standardized process and training course to enable the production of reliable and practical community-level tsunami evacuation maps. The new course will include processes for preparing tsunami evacuation maps and associated response plans that are based on international practices and guidelines developed by IOC, TOWS-WG, and ICG Working Groups and Task Teams. The outcome (a general course curriculum and methodology that is usable in all ICGs) is expected to have global applicability and impact.

The intent is to cover planning, maps, and response procedures for evacuation through a series of training workshops and community engagements over a 1 to 2-year time period. The process will consider cases where modelling is and is not available; demonstrate the application of different levels of tsunami modelling to construct scenario worst case inundation maps; work through the process of creating a community-owned evacuation map, with appropriate routing, safe area assembly, signage; and finally, use an exercise to test emergency response operational readiness of communities. Where applicable, tsunami inundation modelling training can be conducted to enable the science studies needed to support evacuation mapping. Community training-of-trainers approaches for evacuation map creation will be built into the final course considering the needs exceed by far the capacity of a single institution or group. Targeted course trainees will include Tsunami National Contacts (TNCs) and Tsunami Warning Focal Points (TWFPs), other governmental institutions staff (local and national), NGOs members, and civil society organizations leaders. Tsunami modelling training will target physical scientists and oceanographers in governmental institutions and universities. 

The ITIC will pilot the course and process in the period 2015–2016. Upon the pilot’s completion, the course and process will be formalized and offered widely. The IOC issued the pilot announcement letter on May 11, 2015 inviting interested Central America countries to complete a questionnaire – the results were used to identify a host country for the pilot course.

Honduras was selected as the Pilot country, and five trainings are planned between July 2015 and September 2016.  The first training on tsunami inundation modelling (using ComMIT/MOST) was conducted July 27-31, 2015.  A Course Development Team has been constituted and met in June 22-26, 2015, hosted by ITIC.  The PTWS Task Team on Evacuation Mapping and Planning, chaired by the ITIC Director, is providing guidance on the Project.  A meeting of the Task Team and Development Team, and inviting TOWS Inter-agency TT on DMP and TWO members and the PTWS Officers, was conducted on February 23, 2016, in Paris, France.

This initiative will directly support the TT’s objective agreed during the Eighth meeting of the Working Group on Tsunamis and Other Hazards Related to Sea-Level Warning and Mitigation Systems held in Morioka, Japan in March 2015, which is to develop tsunami evacuation mapping guidelines.

2.3 ICG NEAMTWS – WG 4 Public Awareness, Preparedness and Mitigation

After the execution of the Exercise NEAMWave 14 that was based on several tsunami scenarios (28-30 October 2014, v. I: manual. IOC. Technical series; 114 (IOC/2014/TS/114VOL.1): the Tsunami Exercise NEAMWave14 final workshop: From Early Warning to Early Response was organized in IOC, Paris, on 23 June 2015. The objectives and main outcomes of NEAMWave14 were presented and discussed from the perspective of both the Candidate Tsunami Service Providers and the Civil Protection Authorities. In addition, the role of the European Response and Coordination Centre (ERCC) in NEAMWave14 was included in the discussions. The final evaluation report is being prepared. 

During 2015 it was decided to produce a special “10th Anniversary Book on ICG/NEAMTWS/IOC/UNESCO Activities” in close collaboration with NEAMTIC and with the co-authorship of several contributors. The volume is in the final stage of preparation and contains, among others, a Chapter dedicated to “Education and Awareness”. 

2.4 ICG CARIBE-EWS 

The CARIBE-EWS fully transitions to the new PTWC products on 1 March 2016. Several webinars and a training workshop were held in Barbados in December 2015 to support TFPs and NTWCs in the implementation of the new products and the roles of the PTWC and MS (TFP & NTWC) respectively.

Guidelines for the Community Performance Based Tsunami Recognition Programme for the Caribbean and Adjacent Regions were completed and translated into French, Spanish and Dutch.

Working Group 4 is conducting a survey among Member States to evaluate the implementation of the tsunami awareness programmes at national levels, in alignment with the provisions of the Regional Tsunami Public Awareness and Education Strategy. A questionnaire will be enclosed in the evaluation form of exercise CARIBE WAVE 16.

Working Group 4 is also developing a technical guideline on the planning and implementation of community tsunami exercises.

3. UPDATES FROM TSUNAMI INFORMATION CENTRES

3.1	INTERNATIONAL TSUNAMI INFORMATION CENTRE (ITIC)

The International Tsunami Information Centre (ITIC) continued to host and deliver training in Hawaii (called ITP-Hawaii) and in-region (called ITP-International) for National Tsunami Warning Centres (NTWCs) and National Disaster Management Offices (NDMO) staff in 2014 and 2015 to PTWS and CARIBE-EWS Member States (see section 2.2 ICG PTWS). The ITIC also participated to IOTWS Regional Workshop on Standard Operating Procedures (SOPs) for Tsunami Warning and Emergency Response for Northern and Western Indian Ocean Countries (IOTWS Regional SOP Workshop)held in Hyderabad, India, from 23 to 26 June 2014. The training focused on SOPs for tsunami warning and tsunami emergency response in the context of planning, conducting, and evaluating tsunami exercises as a best practice for increasing country readiness. Specific attention was given to the preparation for tsunami exercises and the introduction and feedback on new experimental PTWC tsunami products. 

A set of general awareness materials are available free-of-charge from the ITIC, publishing in collaboration with the IOC. In 2014, the ITIC updated and printed Tsunami: the Great Waves (IOC/BRO/2012/4, rev.only in English); translated and added 2010 tsunami information to create a reviewed version of the publication Surviving a tsunami: lessons from Chile, Hawaii, and Japan, eyewitness accounts of the Pacific Ocean tsunami associated with the giant Chilean earthquake in 1960 and 2010 (IOC/BRO/2014/2, rev.only in English)based on the USGS Circular 1187; updated the posterTsunami Sources (1610 B.C.– A.D. 2014) from earthquakes, volcanic eruptions, landslides, and other causes and the Tsunami Sources: icosahedron Globe. Low-resolution copies of documents are available from the ITIC web site (www.tsunamiwave.info) and high-resolution copies are distributed by DVD by the ITIC. The IOC and ITIC will published Tsunami Glossary 2016 that includes 2015 updates approved by TOWS WG.

To assist warning centres and response agencies, ITIC also distributes free-of-charge tsunami warning decision support tools, which include: CISN (earthquake display), Tide Tool (sea level monitoring display), TTT (tsunami travel time calculation software), and TsuDig (global tsunami, earthquake, and volcano offline GIS database tool). In addition, the ITIC hosts the Tsunami Bulletin Board (list serve for tsunami professionals).  Due to RANET Project staff changesand since the changeover to the PTWC enhanced products, the RANET heads-up courtesy SMS texts of PTWC messages has been down, and may be discontinued unless there is significant request from customers.

ITIC also supported Exercise Pacific Wave exercises in 2015 and 2016 as co-chair of the PTWS Exercise Task Team.  ITIC noted the creation of the TsunamiZone.org website by the USA (California, USGS, NOAA) as an excellent outreach tool that is now reaching out to international audiences, such as the Caribbean for CARIBEWAVE 2016.   The web site includes tabs on ‘Know Your Zone’ (Maps for all coastal areas to know if you are in a tsunami inundation zone), ‘Tsunami Preparedness Week’ (Register activities to be counted), ‘Event Calendar’ (Learn about drills, presentations, and other events near you), and ‘Resources’ (Movies, manuals, posters, etc).

ITIC is finishing the IOC Tsunami Warning and Emergency Response SOP Manual and Guide in collaboration with New Zealand and the IOC IOTWS Secretariat.  In 2013 and 2014, ITIC developed a 1-day Business SOP Short Course aimed at preparing small business and hotels to effectively respond to a local and distant tsunami.  The Course was piloted in Guam and CNMI prior to finalization.

For the 50th Anniversary of PTWS, ITIC published a 50 year historical book on the PTWS.   Chapters covered important tsunami events, the history of the PTWS, science & technology, disaster management & tsunami preparedness, warning centers and key organizations, and the PTWS today & tomorrow.  The ITIC, in collaboration with Chile and the USA, also produced a 5 minute video Tsunami Warning! showing the warning and response actions of Peru, Chile, Hawaii, USA, Samoa, Australia, Indonesia, Japan, and the PTWC for a M9.5 northern Chile scenario.  
The ITIC shared information on the progress of the US National Tsunami Hazard Mitigation Program in marine preparedness and post-tsunami survey protocols at the state levels. Overall, State and partners are developing guidelines for the creation of harbor hazard maps based on empirical and modelled current vs. damage relationships, minimum offshore boat safety water depths, and playbooks for operational planning and response in communities and harbours.  

In order to prepare for a coordinated post-tsunami damage and impact assessment, especially for the collection of perishable scientific data, ITIC, Hawaii, and California are leading the efforts for embedding data collection plans and procedures within each State’s emergency response.  A US Protocol for States was approved in 2014 (Natural Hazards, 75:2153–2165, 2015) in response to the incomplete coordination and data collection in American Samoa after the 2009 Samoa tsunami.  At the US Federal Agency level, the ITIC and NOAA are developing the Tsunami Protocol to be included in the US National Plan for Disaster Impact Assessments for Weather and Water; active agencies have been NOAA, USGS, Federal Emergency Management Agency (FEMA), and the National Science Foundation (NSF). 

3.2 INDIAN OCEAN TSUNAMI INFORMATION CENTER

The Terms of Reference of IOTIC has been endorsed by Member States at the 10th ICG/IOTWS meeting in Muscat, Oman from 24 to 26 March 2015. This endorsement provides a solid mandate to IOTIC to:
· support Member States in tsunami disaster risk reduction;
· help strengthen national and community tsunami preparedness; and
· establish itself as a key source of tsunami Disaster Risk Reduction information for the Indian Ocean region.

The IOTIC is currently housed in UNESCO Office Jakarta under the coordination of the Disaster Risk Reduction and Tsunami Information Unit (DRRTIU). To ensure the sustainability of IOTIC, the Indonesia Meteorological, Climatological and Geophysical Agency (BMKG) offered to host the IOTIC for the first 5 years (2016-2021) with the support of office space, staff, and programme funding. 

In 2015 IOTIC and the ICG/IOTWS secretariat completed two UNESCAP projects:
(i) “Enhancing Tsunami Risk Assessment and Management, Strengthening Policy Support and Developing Guidelines for Tsunami Exercises in Indian Ocean Countries”; and 
(ii) “Investigation of the written and oral history of tsunami events in the Makran Coastal Region”. 

The outputs of these projects were:
· A revised version of Tsunami Risk Assessment And Mitigation For The Indian Ocean (English)
· A training module on Policy Support for Tsunami Risk Reduction (English)
· A training Module on Tsunami Exercises (English)
· A Tsunami Exercise Guidebook: How to Plan, Prepare, Conduct and Evaluate National and Local Tsunami Exercises to improve tsunami preparedness in Timor L’este (English and Tetun)
· A recommendation for Policy Support for Tsunami Risk Reduction and a Tsunami Exercise in Timor L’este (English and Tetun)
· A Tsunami Exercise Guidebook: How to Plan, Prepare, Conduct and Evaluate National and Local Tsunami Exercises to improve tsunami preparedness in Myanmar (English and Myanmar)
· A Myanmar Tsunami Preparedness and Risk Reduction (TPPR) Programme 2015-2020
· Publication of Remembering 1945 Makran Tsunami (English, Arabic, Urdu, and Farsi)

Currently the IOTIC is also implementing two other projects: 
(i) IOTIC is supporting Indonesia through the self-benefiting programme under the Indonesian Funds in Trust through a project: “Building Model Disaster Resilient Cities funded by the Indonesia:  Tsunami Hazard”. This project will end in April 2016. Several outputs of the projects are:
· ADDRESS (Adopting Disaster Risk Reduction in Education Sector for Safer Schools) and Adaptation of VISUS Methodology (Visual Inspection for defining the Safety Upgrading Strategies) to assess structural and infrastructure of schools from 5 hazards, earthquake, flood, landslide, typhoon, and tsunami.
· Creating education and preparedness animation videos on:
· Tsunami Hazards
· Tsunami Early Warning System
· Tsunami Preparedness
· Strategies in surviving tsunami
· Tsunami Early Warning Chain for Local Government
· Production of preparedness and awareness materials on Remembering 1950 Tsunami Ambon
· Developing Standard Operating Procedures for tsunami warning in Moluccas Province, Ambon City, Pandeglang District and local broadcasting media

(ii) IOTIC received funding from the Malaysian Funds in Trust that will allow IOTIC to start having activities and engagement with the member states of the Western region of the Indian Ocean. The project called “Fostering Tsunami Preparedness, Response and Mitigation in the Indian Ocean Small Island Developing States and Developing Countries”. The activities of the project will involve:
· Supporting capacity building through training/workshops on tsunami early warning, preparedness and awareness in two SIDs countries in western Indian Ocean and two Indian Ocean African Coast countries. Training/workshops are planned for:
· Mauritius in March 2016
· Seychelles in March 2016
· Tanzania in June 2016
· Mozambique in June 2016
· Development of Tsunami Education and Preparedness Materials:
· Distance tsunami in Indian Ocean  
· Tsunami Hazard in South China Sea Region

In 2015, through funding of the IOC UNESCO Regular Programme, IOTIC supported India, Iran, Oman and Pakistan to commemorate the 70th year of 1945 Makran Tsunami through the design, translation, and production of exihibition panels in English (India), Farsi (Iran), Arabic (Oman) and Urdu (Pakistan). In addition, IOTIC also supported Pakistan in developing a public awareness video on remembering 1945 Makran Tsunami in Urdu Language to be aired in Pakistan Television.

3.3 NEAMTWS TSUNAMI INFORMATION CENTRE 

The NEAMTIC was initially staffed under the European Commission Project. It was then managed by the previous Technical Secretary of ICG/NEAMTWS on a part-time basis, partly funded under the NEAMWave 14 activities. Currently, NEAMTIC is not staffed, and there are no dedicated funds. At the ICG/NEAMTWS XII session Member States agreed that NEAMTIC is an important element of NEAMTWS. Further issues discussed at the ICG/NEAMTWS XII session include who the website was targeting and how to further simplify the information presented to the general public and schools. Countries were invited to support NEMATIC through funding and secondments to maintain and further develop the website.

Currently the NEAMTIC web-portal is functioning as repository of ICG/NEAMTWS documents and information. NEAMTIC products include educational posters, updated information on NEAMTWS, virtual library, good practices and educational online course on tsunamis and other sea-level related hazards. Examples of resources and outreach products include:

· NEAMTIC brochure
· NEAMTIC catalogue of tsunami for European and Mediterranean Seas
· A guide to tsunami for hotel: tsunami evacuation procedures 
· Preparing for tsunamis in Mediterranean
· Tsunami preparedness of civil protection: good practices guide
· NEAMTIC game
· Coastal hazard course 

The NEAMTIC educational and awareness raising products are being translated into ICG/NEAMTWS Member States’ languages. 

3.4 CARIBBEAN TSUNAMI INFORMATION CENTRE

Steady progress was achieved during the February 2015 – 2016 period within the Caribbean and its adjacent regions, despite the strained financial situation. Some extra-budgetary financial resources were secured for the operations of the CTIC, PAE tools and materials continue to be developed and distributed by the CTIC, the regional CARIBE WAVE tsunami warning exercise was convened, enhanced capacities for early warning at the community and national levels continue to be developed and ICG Member States and working group members have benefited from a range of technical trainings. 

In relation to the development of outreach materials, CTIC experienced significant challenges in the finalization of its website due to human resource constraints.  The inception report, website concept, design template, kid’s mascot design and site map have been finalized and the final sections of content were referred to the consultant in February 2016.  The consulting team is currently reviewing with the aim of providing a revised schedule for the development process.  With the support of the Coastal Zone Management Unit (CZMU), Barbados, the official logo and branding materials of the CTIC are currently being revised by the CTIC website consultants to reflect the design of the other tsunami information centres and the current hosting arrangements for CTIC.  These activities are being supported by Working Group 4 of the ICG/CARIBE EWS.  

CTIC has also advanced discussions with the United States Agency for International Development, Office for Foreign Disaster Assistance (USAID/OFDA) to secure US $100,000 to support the development of tsunami education materials for schools.  This initiative is to be supported by the Seismic Research Centre of the University of the West Indies (SRC) and the Caribbean Disaster Emergency Management Agency (CDEMA).  The formal proposal is to be submitted within the second quarter of 2016. 

The Tsunami Public Awareness and Education Strategy for the Caribbean and Adjacent Regions, published as No. 107 of the UNESCO/IOC Technical Series has been referred to the representatives of Curacao for official translation into Dutch.  Multi-lingual bulk CTIC PAE materials were distributed to at least fifteen (15) ICG/CARIBE EWS Member States through the ICG/CARIBE EWS meetings, CTIC trainings and visiting representatives attending partner meetings in Barbados.  Materials were also provided for use to CDEMA, SRC and the United Nations Development Programme for Barbados and the OECS (UNDP).

CTIC facilitated the arrangements for the second Tsunami Recognition Programme Task Team Meeting on 8 April 2015 in Puerto Rico.  The meeting was attended by thirteen (13) participants.  The key outcomes of this meeting were the draft guidelines and requirements including the Programme’s application process.  The tenth session of ICG/CARIBE EWS in May 2015 adapted the outcomes of the task team meeting in consideration of the experiences of Anguilla (UK), British Virgin Islands and Puerto Rico (USA).  ICG/CARIBE EWS X further recommended the approval of the guidelines for the Community Performance Based Tsunami Recognition Programme for the Caribbean and Adjacent Regions (short name: Tsunami Ready Programme) on a pilot basis and decided that Task Team continues its work on the development of the strategy for a Performance Based Recognition Programme.  The ICG recommended additional support from Working Groups through the execution of surveys and development of guidelines.

In accordance with the recommendations of the ICG/CARIBE EWS X, CTIC was successful in securing US $5,000 through the UNDP Resource Assignment from the Core (TRAC) Resources to support the piloting of the Tsunami Ready Programme in St. Kitts and Nevis during the period October – November, 2015.  These co-resources were utilized to develop preliminary evacuation maps for both St. Kitts and Nevis and will complement additional funds (approximately US $25,000) already committed by USAID/OFDA to support the full roll-out of the programme in the country.  Antigua and Barbuda, Dominica and Grenada have indicated a strong interest in pursuing the initiative and CTIC will be seeking to mobilize resources towards this end.

In addition to the Tsunami Ready country-specific activities in St. Kitts and Nevis, a feature on CTIC was developed in conjunction with the Barbados Government Information Service.  CTIC also participated in a press launch, public lecture and school visits to support the DEM-led Tsunami and Earthquake Smart Month in Barbados during March 2015.  CTIC supported SRC’s Barbados mission to provide public awareness after the Kick em’ Jenny Heightened Activity in July 2015.  In association with the SRC, CTIC facilitated US $10,000 in support to Grenada to execute Tsunami Smart Teacher workshop, the Tsunami Smart “Train the Trainers” Workshop as well as other public awareness activities (radio and TV call in shows, and public promotional activities) during Earth Science Week November 2 to 6, 2015.  Through CTIC-led initiatives, Antigua and Barbuda received US $5,000 to purchase a server to enhance the national tsunami early warning system.  Funds for Antigua and Barbuda, and Grenada were also sourced through the UNDP TRAC system but those earmarked for Dominica were deflected to the Tropical Storm Erika Recovery process.  Unfortunately St. Lucia was unable to meet the deadline for submission of the proposals to access the committed resources.  CTIC will seek to pursue follow-up activities in 2016.

CTIC hosted two (2) key training activities during the reporting period; both in association with funding support from UNESCO/IOC, and USAID/OFDA; with the latter being facilitated through the University Corporation for Atmospheric Research (UCAR).  

The Regional Emergency Managers Weather Information Network (EMWIN) Training was convened 25 – 30 May 2015 in Barbados with logistical and technical support from UCAR, the Caribbean Institute for Meteorology and Hydrology (CIMH) and the DEM. The training was divided into English and Spanish versions and was attended by 32 participants.  The training was conducted through multi-media approach aimed at orienting participants to the EMWIN software and hardware, and providing a working knowledge in the utility and applicability of the EMWIN System including trouble-shooting. The target audience was personnel from the National Tsunami Warning Centre (NTWC), Tsunami Warning Focal Point (TWFP), National Disaster Management Office (NDMO) or another tsunami emergency response (TER) agency. 

For the Caribbean and adjacent regions, the changeover to PTWC’s new enhanced forecast products was approved by the ICG/CARIBE EWS VIII (2013), and the changeover to solely the new products is planned to take place on 1 March 2016.  Against this background, the Regional Training Workshop on Pacific Tsunami Warning Center Enhanced Tsunami Products for ICG/CARIBE EWS 7–10 December 2015 was hosted by the CTIC in Barbados. This workshop was attended by forty (40) participants mainly from the Tsunami Warning Focal Points (TWFP), Tsunami National Contacts (TNC), Emergency Management and first responder agencies from twenty (20) small island developing states (SIDs) Member States of the ICG/CARIBE EWS.  Representatives from partner organizations - Caribbean Disaster Emergency Management Agency (CDEMA), Caribbean Institute for Meteorology and Hydrology (CIMH), CTWP, and the Puerto Rico Seismic Network (PRSN) also participated in the training workshop.  

This workshop was facilitated under the UNESCO–IOC/NOAA International Tsunami Information Center (ITIC) Training Programme International (ITP-INTL) and financing was provided by UNESCO/IOC and USAID/OFDA. The training was organized by CTIC, UNESCO/IOC, ITIC and PTWC with logistical and coordination support also provided by the CZMU, UCAR and the NOAA Caribbean Tsunami Warning Program (CTWP), Puerto Rico.  

The intent of this four-day training workshop was to enable tsunami warning focal points (TWFPs), national tsunami warning centers (NTWC), and tsunami emergency responders (TERs) to effectively receive, analyze and take appropriate action in response to the Pacific Tsunami Warning Center (PTWC) enhanced tsunami forecast products for the Caribbean and its adjacent regions. This training workshop covered tsunami warning operations and the use of the PTWC Enhanced Products for tsunami threat decision-making, with specific attention on the tsunami warning chain and their standard operating procedures (SOPs). Topics included warning and response SOPs and challenges, warning decision support tools, warning messages and alerting, evacuation concepts and planning, and awareness strategies. UNESCO/IOC and CTIC have committed to identifying additional 

The 2nd Meeting of the CTIC Board was convened 11 December 2015 in Barbados.  The meeting was attended by thirteen (13) Member State and partner representatives with logistical support led by CTIC in association with the CZMU.  The meeting was convened to update Board Members on the activities of the CTIC, CTIC resource mobilization, and the new hosting arrangements by the Government of Barbados.  The CTIC Board also supported the restructuring of the CTIC through its review of the work (proposed revisions to the CTIC terms of reference [TOR] and CTIC Board TOR as well as a new business model for the CTIC) of the CTIC Task Team established by ICG/CARIBE EWS X.  The CTIC January – June 2016 Work Plan was also reviewed and critical recommendations received towards the sustainability of the CTIC.  The outcomes of the 2nd CTIC Board meeting will be presented at ICG/CARIBE EWS XI for full ratification by Member States.

In respect of supporting partner organizations, UNESCO/IOC and CTIC facilitated the participation of Belize, St. Kitts and Nevis and Suriname at the Reducing Tsunami Risk in the Western Indian Ocean: a Regional Conference in Muscat, Oman.  The Conference was held 22 - 23 March, 2015 and the participation costs were covered by the organizers.  The objective of the conference was to facilitate scientific and technical collaboration on diverse monitoring systems and multi-disciplinary research to yield a better understanding of tsunami generation in the western Indian Ocean and greater efficacy of the region's early warning systems.  The conference dovetailed with a regular session of the Intergovernmental Coordination Group for the Indian Ocean Tsunami Warning and Mitigation System (ICG/IOTWS).  CTIC also supported proposal development and execution of the UNDP-led Strengthening Resilience and Coping Capacities in the Caribbean through Integrated Early Warning Systems, DIPECHO (Phase II) Project up to December 31, 2015.  The Project seeks to strengthen national preparedness mechanisms through improved hazard monitoring and alert dissemination, targeting vulnerable communities and groups to create a regional framework for facilitating multi-hazard EWS.

4. [bookmark: _Toc418154772][bookmark: _Toc420496218]WAVE EXERCISES
Every ICG maintains a programme of international tsunami exercises to test and improve their products as well as processes and readiness of regional warning centres and Member States. 

Indian Ocean

Exercise IOWAVE16 (IOC/2015/TS/121) represents ongoing preparation by Member States. The ICG encourages that the IOWAVE 16 be conducted with an End to End approach by Member States, i.e. from regional to national and local until reaching the last mile.  Therefore is advised that Member States will also include community evacuation in the IOWAVE 16. This exercise is expected to not only test the ability of member States to conduct an End to End tsunami exercise but will also serve to observe the effectiveness of Member States’ tsunami warning and mitigation systems. Indonesia has agreed to have 6 cities participating in IOWAVE16. WG1 collaborated with NDMO to encourage cities in West Sumatera to participate in the exercise. About 7 cities and regions have indicated enthusiasm to conduct the exercise to the level of people evacuation.

Pacific

Exercise Pacific Wave 2015 (PacWave15) was the fifth Pacific-wide drill of the regular schedule of Pacific wide exercise, and was conducted from 2-6 February 2015. The exercise evaluated the new enhanced tsunami products of the PTWC, which started on October 1, 2014. A total of 41 countries participated. The exercise report on Exercise Pacific Wave 2015 has been finalised and is available on the ICG/PTWS XVI meeting and PacWave exercise web site (http://itic.ioc-unesco.org/index.php?option=com_content&view=category&layout=blog&id=2151&Itemid=2597). 

Exercise Pacific Wave 2016 (PacWave16) was conducted from 1-5 February 2016 as a regional exercise for the sixteen countries that receive tsunami products from Japan's Northwest Pacific Tsunami Advisory Centre’s  (NWPTAC).  The exercise introduced and sought feedback on the enhanced text and graphical forecast products of the NWPTAC. Official implementation of these products is expected in 2018, and follows from the 2014 implementation of enhanced graphical forecast products by the Pacific Tsunami Warning Centre (PTWC).  Six scenarios were available to allow countries to select a destructive distant or regional source.  Information can be found on the PacWave16 web site (www.pacwave.info).

Exercise Pacific Wave 2017 (PacWave17) will again focus on the entire Pacific (all member States), and will be the last exercise before the 2018 start of the NWPTAC enhanced products. Planning has not commenced

Caribbean

The regional Exercise CaribeWave/Lantex 2015 was convened on 25 March 2015.  Two regional tsunami exercises took place in the Caribbean and adjacent regions, the Caribe Wave/Lantex (Panama Scenario) and the Lantex (Florida Scenario). Thirty-two (32) Members States and 16 territories participated in this fourth regional tsunami exercise. This represents a participation rate of 100% of all the Member States of the ICG/CARIBE-EWS, for the first time in the history of the exercises increasing from 98% participation in 2014, 75% in 2011, and 94% in 2013. Registered participants included designated UNESCO CARIBE-EWS Tsunami Warning Focal Points (TWFPs) and National Contacts, in addition to more than 1,000 other international, state, territorial, and local Emergency Management Organizations, government agencies, academic institutions, private businesses and organizations, health facilities, media, as well as communities and individuals. 

Through participation of people throughout the Caribbean, #CaribeWave2015 was the #11 top trending topics on Twitter for over five hours.

Through the exercise it has been possible to:

1. Validate the issuance of tsunami products from the PTWC and U.S. NTWC which
currently serve as the tsunami service providers for the region.
1. Validate the receipt and dissemination of tsunami products by TWFP’s. Most TWFP’s
continue to be strongly dependent on fax and email, with a few indicating receipt of
messages thru EMWIN, GTS and AISR. Email and fax were also used predominantly
to disseminate information to the Disaster Management Organizations. In 38% of the
MS and Territories, messages were also disseminated to the public; the principal
mechanism for this dissemination was radio, TV and Police.
1. Continue with the exposure to proposed enhanced PTWC products, which include
graphics. The Member States continue to support these products.
1. Validate the readiness of the CARIBE-EWS countries to respond to a distant tsunami.

Most countries also indicated that they had emergency response plans for distant tsunamis, as well as local and regional events. Nevertheless, most countries indicated that they do not have tsunami inundation, nor evacuation maps or mass evacuation plans.

Planning for the Exercise Caribe Wave/Lantex was coordinated by a Task Team led by the US NWS CTWP and included the CTIC, ICG/CARIBE-EWS Officers, the PTWC, the U.S. NTWC, the PRSN, the International Tsunami Information Center (ITIC), regional emergency management organizations, Tsunami National Contacts and TWFPs over a year period.  Feedback on the exercise was received from 47 CARIBE-EWS Member States and Territories through an online questionnaire. This represents feedback from a total of 43 TNCs/TWFPs, in addition to four other officials from a total of 47 countries and territories in the region (46 ICG/CARIBE-EWS Member States and Territories, as well as Brazil).
CaribeWave 2016 will be conducted on March 17, 2016. The purpose of this exercise is to advance tsunami preparedness efforts in the Caribbean and Adjacent Regions, based on Venezuela and Northern Hispaniola scenarios. Two exercise scenarios will be available.  The exercise is using the US TsunamiZone.org web site for registration and outreach
The Task Team noted that CARIBE-EWS a guideline on planning for community based tsunami exercises. This guideline should be available by the next meeting of the Task Team.

North-East Atlantic & Mediterranean

A tsunami preparedness exercise “Exercise Blue Wave – From Earthquake to Assembly Zones” will be held in Israel in April 2016. The exercise is being developed with the support of NEAMTWS stakeholders.

Tsunami Zone
The Task Team noted with interest the existence and use of TsunamiZone, a website, a collaborative effort of California (Office of Emergency Services, Southern California Earthquake Center, Dept. of Conservation), USGS, and NOAA, for the promotion of tsunami preparedness and public participation in tsunami exercises. The website is modelled on the Shakeout concept, and is being used by the CARIBE-EWS for their exercise in March 2016. Task Team members were encouraged to acquaint themselves with with this very valuable source.

Future reporting on exercises

The chair noted that most of the above reporting on exercises involves the fact that exercise was or will be held, and the aim of the exercise. While this information is acknowledged, he encouraged the Task Team members to in their future reporting, also focus on the lessons identified in the exercises as that is where we might be able to identify common issues that could assist the Task Team in identifying focus areas. 

4.	TASK TEAM ACTIVITIES

The table below reflects the activities decided by the Task Team on Disaster management and Preparedness in March 2015 and the progress against each:

	[bookmark: _Toc418154774][bookmark: _Toc420496220]ACTIVITY
	[bookmark: _Toc418154775][bookmark: _Toc420496221]PROGRESS

	[bookmark: _Toc418154776][bookmark: _Toc420496222]Finalizing SOP Manual
	A draft has been completed and was discussed by the TT-DMP and TT-TWO at their meetings in Paris in February 2016. Comments were received by both Task Teams and further opportunity to comment was extended to 4 March 2016. These comments will be taken on board by the document writers in finalising the document by the end of March 2016.

The Activity is on-going

	Development of Tsunami Evacuation Mapping Guidelines
	The Task Team noted the following:
· PTWS-WG3 and ITIC have developed a training package for evacuation mapping and planning  (Tsunami Evacuation Maps, Plans and Procedures - TEMPP);
· New Zealand has updated its Tsunami Evacuation Zone guidelines; 
· The Greece Institute of Geodynamics has developed (and presented on) a methodology for evacuation mapping under EU FP7 Research Project ASTARTE; and
· [bookmark: _Toc418154783][bookmark: _Toc420496229]The Task Team also noted a comprehensive evacuation guideline is being developed by the Indonesian Agency for Disaster Management (BNPB). 

The Task Team agreed that the guideline for evacuation mapping that will be established under the TEMPP project, will deliver the desired output under this Activity.

The Activity is on-going

	[bookmark: _Toc418154784][bookmark: _Toc420496230]Promote tsunami preparedness recognition programmes
	[bookmark: _Toc418154785][bookmark: _Toc420496231]The CARIBE-EWS provided a report on the implementation of the “Tsunami Ready” programme. This programme is now established and is being piloted. The CARIBE-EWS made all documents available to the Task Team. 

[bookmark: _Toc418154786][bookmark: _Toc420496232]The Task Team agreed that the CARIBE-EWS Tsunami Ready material provide a sufficient basis for ICGs to consider adoption of similar programmes. It was noted that implementation under the auspices of an ICG is important, as it brings the status of UNESCO-IOC which is an important recognition incentive for participating jurisdictions.

[bookmark: _Toc418154787][bookmark: _Toc420496233]The Activity is now considered completed.

	[bookmark: _Toc418154788][bookmark: _Toc420496234]Finalizing a tsunami guide for hotels
	[bookmark: _Toc418154789][bookmark: _Toc420496235]The Task Team noted that Indonesia has developed a compliance guide for hotels in partnership with the Bali Hotel Association. It was found that only the 4 & 5 star hotels could afford compliance, while hotels outside of the Hotel Association and local government did not adopt the guideline. It was also not accepted in areas other than Bali. The project was deemed unsuccessful. 

Washington State created a simple response guidebook in 2006, which was updated in 2009. It provides practical information about what hotel and motel operators should know and do. 

The NEAMTWS-TIC developed guidelines in 2005.

The ITIC used the Washington State and NEAMTWS material to develop a half-day training workshop and accompanying templates. The material was used in Guam, CNMI, and other countries. 

The Task team also noted that large hotel chains develop their own material and procedures, being responsible for their guests.

The Task Team agreed that given the focus is on the private sector, guidance for hotels should not be compliance- based but guidance and supporting instead. It was agreed that the ITIC & NEAMTWS TIC material establish a sufficient basis in this regard.

The Activity is now considered completed.

	Business continuity planning
	[bookmark: _Toc418154792][bookmark: _Toc420496238]The Task Team noted that Israel is working with national infrastructure (power, gas and oil industries) to establish BCP guidelines with a focus on tsunami. None of the ICGs have invested in this topic, while the general trend among Member States appear to be the development of generic, all hazard BCP guidelines.

The Task Team questioned the value in moving away from the already existing all-hazards approach, and agreed to await the guidelines developed by Israel before re-considering this Action at its next meeting.

The Activity remains open, for re-consideration at the next meeting of the Task Team.

	Maritime and Ports Guidance 
	[bookmark: _Toc418154795][bookmark: _Toc420496241]The Task Team noted several existing material and guidelines under development:

New Zealand included a chapter on maritime and ports in their recently reviewed Evacuation Zones Guideline, while Chile has developed standard text to accompany warnings to ships and harbours. 

Several US states, including Hawaii and Oregon have dedicated guidelines for boaters.  The USA is also preparing Maritime Preparedness guidelines for operations response in harbours and for communities.  ITIC has published, “Tsunami Safety for Boaters” on its website.

Israel, Martinique and Indonesia are currently working with ports and will have their respective material available to share at the next meeting of the Task Team.

The Task Team noted that the Task Team on Tsunami Watch Operations also addressed the topic in its meeting, with a focus on TSP communication with Navareas (who in turn broadcast warnings to mariners). It was agreed that the focus of the Task Team on Disaster Management and Preparedness should therefore be on guidance to ports.

The Task Team agreed to compile a ‘best practice’ draft using the existing sources, to be finalised at the next meeting when the material developed by Israel, Martinique and Indonesia are also available.

The Activity is on-going



[bookmark: _Toc418154801][bookmark: _Toc420496247]Table 1. Progress on Activities decided by the Task Team on Disaster Management Preparedness in March 2015.


5	PLANNED ACTIVITIES 

Based on the reports received and progress made with actions agreed in 2014 and 2015, the Task Team considered its future activities:

5.1	SOP Manual

The Task Team will finalize the SOP Manual, taking the comments received from the two Task Teams on board. The aim is to provide a final draft to the Secretariat by the end of March 2016 for translation and publishing.

5.2 	Evacuation Mapping
The Task Team will produce a draft of a generically applicable tsunami evacuation mapping guideline to support the TEMPP project by the end of 2016.
5.3 	Guidance to Ports
The Task Team will consolidate current guidance to ports into a single document, for comparison with the material under development by individual countries at the next meeting of the Task Team.
6		OTHER MATTERS CONSIDERED BY THE TASK TEAM
6.1	Real-time communications with TSPs
The Task Team was requested to communicate, for consideration, with the Task Team on Tsunami Watch Operations a need for real-time communication between NTWCs and TSPs during tsunami threats. Such communications is currently accommodated by TSPs on a best-effort basis. 
6.2	KPIs for Disaster Management and Preparedness
The Task Team considered a presentation provided by the Task Team on Tsunami Watch Operations (TT-TWO) on the establishment of KPIs. It was recognized that the establishment of consistent KPIs fit well with the focus of the TT-TWO, but it does not seem to be covered by the Terms of Reference of the Task Team on Disaster Management & Preparedness (TT-DMP). It was decided to seek guidance from the TOWS-WG in this regard, and if the topic was to be addressed by the TT-DMP, it was felt that the focus of the Task Team should be on the development of high-level policy advice to ICGs on the establishment of KPIs for Disaster Management & Preparedness.
7.	RECOMMENDATIONS TO THE TOWS WG-IX

As an outcome of its meeting on 23 and 24 February 2016, the Task Team recommends that the TOWS-WG-IX:

7.1 Notes the Task Team has met on 24 & 25 February 2016 and considered:
· reports from the respective ICG working groups and TICs
· progress with regards to activities agreed in March 2015 
· planned activities for the next year

7.2	Notes that the some of the planned Activities of the Task Team on Disaster Management and Preparedness have been completed, such as Tsunami Ready as a community performance-based community recognition programme, while the following Activities are still in progress:
· Finalizing the SOP Manual by the end of March 2016, noting comments received by 4 March 2016
· Development of an Evacuation Mapping Guideline through the TEMPP Project
· Development of BCP guidelines with a tsunami focus
· Consolidation of tsunami guidance to ports

7.3	Notes that to complete the above, the Task Team consciously agreed not to include any additional initiatives for the next year. It is expected that all the above activities will be completed by the time of the next meeting of the Task Team, and therefore, the Task Team:

7.4	Recommends that it meets again prior to the next meeting of the TOWS-WG so that the current activities can be consolidated and further activities can be considered.

7.5	Requests that the TOWS-WG:
a) Advises the Task Team on the development of guidance with regards to KPIs for Disaster Management & Preparedness, considering the current Terms of Reference of the Task Team; 

and

b) Facilitates a discussion with the TT-TWO on the matter of communication between TSPs and NTWCs during tsunami threat events.


IOC/TOWS-WG-IX/3
Annex III

IOC/TOWS-WG-IX/3
Annex III –page 36

IOC/TOWS-WG-IX/3
Annex III–page 38

[bookmark: _Toc418154811][bookmark: _Toc420496250][bookmark: _Ref420504280][bookmark: _Ref420505676]ANNEX IV
[bookmark: _Ref416968355][bookmark: _Toc418154812][bookmark: _Toc420496251]REPORT OF THE INTER-ICG TASK TEAM
ON TSUNAMI WATCH OPERATIONS
[bookmark: _Toc390247958][bookmark: _Toc418154813][bookmark: _Toc420496252]23-24 February 2016,
Paris, France
Opening and Meeting Organisation
Dr Charles (Chip) McCreery, the Chair of the Task Team on Tsunami Watch Operations (TTTWO) welcomed the participants to the meeting (list of participants in Annex 2).  He introduced the provisional meeting agenda and asked for comments.  There being no comments, the provisional agenda was adopted as attached in Annex 1.
Presentation on the Progress of the Task Team on Tsunami Watch Operations(TTTWO)
Review of the TTTWO recommendations/actions from the previous meeting
Dr Srinivasa Kumar Tummala, past chair of the TTTWO reviewed the outstanding actions and recommendations from the TTTWO meeting held in Tokyo, Japan 20-21 October 2014 and Morioka, Japan on 11 March 2015.  He noted that the following actions and recommendations had been completed or were in progress: the revisions to the Tsunami Glossary as detailed in the TOWS-WG-VIII report;  the adoption of Tsunami Threat Levels; the adoption of standards for reporting water levels; the adoption of Key Performance Indicators(KPI); the update of the maps on existing services of the Global Tsunami Warning System and Area of Service and PTWS and IOTWS Earthquake Source Zones; the proposed process for development of Tsunami Advisories to Shipping; the adoption of the post-event assessment questionnaire; and trigger criteria for implementing the assessment. He noted that the TTTWO recommendation on development of Tsunami Advisories for Shipping had made progress and that agenda item 5 of this meeting would be attended (by telephone) by Mr Peter Doherty, chair of the IMO/IHO/WMO World-Wide Navigational Warning Service Sub-Committee.  Progress had also been made on the Global Service Definition Document and this would be discussed further under agenda item 7 of this meeting.

Dr Thorkild Aarup, Head of IOC/UNESCO Tsunami Unit, provided further information on his attendance at the IMO/IHO/WMO sub-committee on the World-Wide Navigational Warning Service (WWNWS-SC) meeting held in Monaco, August 25, 2015.  He reported that issuance of NAVAREA warnings is guided by the joint IMO/IHO/WMO manual on Maritime Safety Information.  Templates for issuance of Tsunami alerts are already available in the manual. Navigational warnings are issued via SafetyNET (broad area) and NAVTEX (limited range).  Currently only PTWC is registered to broadcast tsunami messages through SafetyNET and NAVTEX.
Feedback from ICGs on the status of implementation of TTTWO/TOWS-WG recommendations
Dr Christa von Hillebrandt-Andrade, chair of the ICG/CARIBE-EWS, gave a presentation on the status of the CARIBE-EWS.  She noted that out of 32 Member States and 16 territories, states and commonwealths, 47 have officially designated TWFPs.  She described the tectonic setting of the region and commented that over the past 500 years at least 75 tsunamis have been observed in the region.  She noted that coastal communities are highly vulnerable and that 130 million people are at risk from coastal multi-hazards.  Dr Hillebrandt-Andrade went on to define the Area of Service that will be covered by the PTWC and the US NTWC after April 2016. At that time PTWC will assume the US domestic responsibility for Puerto Rico and the Virgin Islands from the US NTWC to enhance the continuity of services across the region. She also described the enhanced products for the CARIBE-EWS, implemented by PTWC on 1 March 2016 after successful testing since 2013. She provided details of the Caribbean Tsunami Warning Program (CTWP) and the Caribbean Tsunami Information Center (CTIC).  She then provided an update on the detection, monitoring and dissemination network in the Caribbean, including the Virtual GPS Network and Communication Network operated by the Puerto Rico Seismic Network.  

Dr Hillebrandt-Andrade then gave a brief overview of the outcomes of the CARIBE-WAVE/LANTEX15 exercise, noting that the exercise included the proposed enhanced PTWC products, which continue to be supported by the Member States.  She highlighted that the majority of TWFPs received initial messages by email and fax, and relatively few received the message by GTS.  Dr.Hillebrandt-Andrade provided details of plans for tsunami hazard and risk assessment and plans for testing the system and providing training.  She also reported that currently 49 communities are recognised as “TsunamiReady” in the Caribbean.  Finally, she listed pending actions and strengthening activities.

Dr. Srinvasa Kumar Tummala, Chair of ICG/IOTWMS, provided an update on the status of the IOTWMS.  He provided an overview of the history and governance of the IOTWMS, noting that since the 10th Session of the ICG/IOTWMS held in Muscat, Oman in March 2015, there have been two technical Working Groups, one sub-regional Working Group (for the North West Indian Ocean), and a Task Team to plan and conduct the IOWave16 Exercise.  He reminded the TTTWO of the IOTWMS detection, warning and dissemination services, noting that the seismic and sea level monitoring networks had expanded significantly since 2004.  He reported that since October 2011, threat assessment bulletins had been issued for 20 earthquakes in the Indian Ocean and for 4 earthquakes in the Pacific Ocean.  He then provided feedback on the status of implementation of the TTTWO and TOWS-WG recommendations and actions from the 10th Session of the ICG/IOTWMS, noting that the ICG had requested the TOWS-WG to complete the Global Service Definition Document.  Finally he reported that the IOWave16 Exercise would be conducted on 7 and 8 September 2016 and that two scenarios would be exercised: a M9.0 Makran Trench Earthquake and a M9.2 southwest of Sumatra Earthquake.

Mr. Tomoaki Ozaki, vice chair of the ICG/PTWS, reported on the status of the NWPTAC Enhanced Products.  He noted that there are 16 countries covered by the NWPTAC.  The experimental NWPTAC enhanced products include both text and graphical products.  Text products are disseminated by GTS, email and FAX, basically the same as existing products, and graphical products are disseminated by email.  Mr Ozaki described the forecast model and numerical simulation technique, which includes a deep ocean propagation model with Green’s Law used to estimate coastal maximum tsunami amplitude at 1m water depth.  The Coastal Forecast Points and coastal blocks have been updated based on coordination with the recipient countries.  Categories of tsunami amplitudes are classified into: 0.2m – 1m; 1m – 3m; 3m – 5m; 5m – 10m; and over 10m.  Mr. Ozaki went on to describe the graphical products, which include a tsunami travel time map, a coastal tsunami amplitude forecast map, and a deep ocean tsunami amplitude forecast map.  Referring to the timeline for implementation, Mr Ozaki reported that the experimental products had been used in the PacWave16 Exercise on 1-5 February 2016, which was conducted as a regional table top exercise for the 16 countries that receive NWPTAC products. The final report of the exercise is due by 31 May 2016.  The PacWave17 Exercise will take place in the first quarter of 2017 and will be conducted as a Pacific-Wide exercise involving all PTWS countries.

Dr Charles McCreery, Director of the Pacific Tsunami Warning Centre and chair of the TTTWO, provided a status report on behalf of the PTWC.  He reported that PTWC had moved into a new building in 2015 along with ITIC.  He noted that the USA is working on GPS projects to try to improve the analysis of larger earthquakes.  There is also a pilot project looking at the feasibility of using shipboard GPS to measure tsunami waves in the deep ocean.  He reported that PTWC is trying to get more seismic data from the southwest Pacific region and commented that, in general, more data is becoming available globally.  He advised that PTWC’s fax bill for the September 2015 Chile event was $30,000 and recommended that the IOC Secretariat should send a letter to the Member States suggesting a change of service to reduce the service to one fax number per country.  He also reported that the cost of maintaining the DART buoys is a challenge.  Thirty-nine are deployed, but those furthest away from the USA are being allowed to deteriorate as ship time to service the buoys is very expensive.  Partnerships with other countries closer to the deployment zone are being considered.

Dr McCreery then reported on the Chile Tsunami event of 16-17 September 2015 and the bulletins issued by PTWC.  He reported that the initial PTWC products were issued 6 minutes after the event, followed by a regional forecast based on the earthquake mechanism 28 minutes after the event.  This was further updated 52 minutes after the event based on an analysis of the sea level observations.  Dr McCreery summarised the wave forecast and observations at various locations and summarised the event response.  He concluded that the TWCs responded quickly; that preliminary and later seismic analysis was accurate; and that the forecast of potential tsunami threat was accurate.  The three models used in the event gave consistent and accurate forecasts and appropriate alert and threat levels were issued.  In summary, the domestic and international systems worked well in this event.

Dr Francois Schindele commented that the PTWC forecast is an over-estimation for many small islands.  He offered to provide text to recommend that each ICG should examine new methodologies to improve forecast accuracy.

Dr Francois Schindele reported that CENALT had issued 13 information messages and 1 advisory message since April 2013.  The advisory message was in response to a M6.5 event in Greece on 17 November 2015, which generated a tsunami.  Dr Schindele also referred to an M6.2 event in the Strait of Gibraltar on 26 January 2016 for which CENALT determined the focal mechanism 8 minutes after the earthquake.

Dr Schindele then provided an update of the current status of the NEAMTWS.  He reminded the TTTWO that NEAMTWS had five Candidate Tsunami Service Providers (CTSP).  CENALT (France), INGV (Italy), NOA (Greece) and KOERI (Turkey) are operational and IPMA (Portugal) is under development.  He listed the TSP operating fundamentals, which are: to provide a service based on requirements and functions defined in the accreditation procedure; to ensure that a combination of services provided covers the entire NEAMTWS region; and to ensure the sustainability of the services.  Dr Schindele went on to outline the NEAMTWS performance monitoring framework.  Finally he provided details of the NEAMTWS strategic roadmap, which consists of 7 phases: implementation, development, testing, validation, accreditation, performance and monitoring, and sustainability.
Status of Implementation of Areas of Responsibility, Areas of Service and Earthquake Source Zones
Dr McCreery reported on his correspondence with Dr. Masturyono, Head of Geophysics at the Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG) concerning the backup service required for distant tsunamis in the Banda and Java Seas.  Dr Masturyono confirmed that BMKG as an NTWC is now able to provide tsunami threat information for events originating in the Banda and Java Sea regions and no longer requires a backup service for these events.  However, for events originating outside the Banda and Java Sea regions, BMKG still requests a backup service for the coast of West Papua, and the northern coasts of Sulawesi and Maluku.

Dr. Masturyono also confirmed to Dr McCreery that BMKG provides a TSP service to Timor Leste.  Mr. Tony Elliott, Technical Secretary for the TTTWO, reported that he had recently met Dr. Masturyono and Dr. Andi Eka Sekya, Director General of BMKG and they had confirmed that Indonesia and Timor Leste had signed a Presidential Agreement on 25 January 2016, one activity of which covered Multi-Hazard Early Warning Systems, including tsunami.  Under this Agreement, BMKG will arrange a bilateral agreement with Timor Leste for the provision of tsunami warning services.

Dr. Hillebrandt-Andrade informed the Task Team that as of 1 April 2016, Puerto Rico and the Virgin Islands will be covered by PTWC rather than the US-NTWC.

Dr. Schindele informed the Task Team that the Spitzbergen Islands in the northern Atlantic are now covered by CENALT.

The Global Tsunami Systems Services map and the IOTWMS and PTWS Earthquake Source Zone maps were updated on the basis of the above information and are included in Annexes 3 and 4

 (
Recommendation 1 to TOWS-WG
 on the Area of Service and Earthquake Source Zone maps.
The revised map delineating the Areas of Responsibility of the four ICGs and Areas of Service covered by the ICG Tsunami Service Providers to be adopted 
as attached in Annex 3. 
The revised maps delineating the Earthquake Source Zones monitored by the PTWS and the thresholds for issuing bulletins to be adopted 
as attached in Annex 4. 
)
Procedures, Terminologies, Products and Dissemination
Key Performance Indicators for all aspects of Tsunami Warning and Mitigation
This agenda item was introduced by Mr Rick Bailey, who provided background on the need for key performance indicators (KPIs) for all aspects of tsunami warning and mitigation.  He commented that it is good to consider KPIs at the global level first, and then bring them to the regional TWS.  He reminded the TTTWO that TOWS-WG-VIII had endorsed KPIs for earthquake detection and tsunami threat assessment.  He proposed that KPIs were also needed for TSP and NTWC general operational status.  He referred to the IOTWS Implementation Plan for Regional Tsunami Watch Providers (IOC Technical Series No. 81), which had listed the requirements for TSPs and NTWCs in terms of trained and experienced staff, and infrastructure and back-up facilities.  The Task Team then discussed and agreed on a set of KPIs for TSP, TWFP and NTWC operations (Annex 5) to be recommended to the TOWS-WG for inclusion in the Global Service Definition Document.
 (
Recommendation 2 to TOWS-WG
 on Key Performance Indicators for TSP, NTWC and TWFP
The Task Team on Tsunami Watch Operations recommends that Key Performance Indicators (KPI) for TSP, NTWC and TWFP operations will be included in the Global Service Definition Document as detailed in Annex 5.
)
Mr Bailey went on to introduce the concept of KPIs for Awareness and Preparedness.  The overall performance of any tsunami warning and mitigation system depends not only on the performance of its TSPs and NTWCs, but also on the overall and awareness and preparedness of the countries utilising information from the TSPs and NTWCs.  He noted that the ICG/PTWS has started to consider KPIs for Awareness and Preparedness.  He gave an overview of the ICG/PTWS proposals for KPIs, noting that all goals and targets are for coastal communities at risk of a tsunami threat and that these need to map onto the Sendai 2015 Framework and associated national commitments.  He then listed the awareness, preparedness and threat information goals and targets under consideration by the PTWS.  The Task Team discussed these and it was recognised that it would be difficult to obtain the information required to assess performance.  It was also recognised that the KPIs would have to be realistic and manageable.  It was noted that IOC’s role would be to promote and coordinate the implementation of KPIs at the ICG levels but that it would be up to individual countries to conduct their own assessment and include this in their national reports to ICG meetings.

The Task Team then discussed a number of issues that required further consideration.  

· Dr McCreery proposed revised text for clarifying language at beginning of TSP text products.  The Task Team discussed this and agreed on the text provided in Recommendation 3 below.

· The Task Team discussed Dr. Schindele’s proposal for a modified Green’s Law for tsunami wave forecasting and agreed on the text of a recommendation to TOWS-WG, as provided in Recommendation 4 below.

Dr Alexander Postnov, Vice Chair of IOC and Chair of TOWS-WG, informed the Task Team about the ongoing review of the IHO-IOC General Bathymetric Chart of the Oceans (GEBCO) and invited the Task Team to comment on how GEBCO products benefit tsunami modelling and forecasting.  

 (
Recommendation 3 to TOWS-WG
 on clarifying language at the beginning of TSP text products.
MEDIA AND PUBLIC SHOULD NOTE THE FOLLOWING –
 
THIS STATEMENT IS ISSUED FOR INFORMATION ONLY IN SUPPORT OF THE UNESCO/IOC PACIFIC TSUNAMI WARNING AND MITIGATION SYSTEM AND IS MEANT FOR NATIONAL AUTHORITIES IN EACH COUNTRY OF THAT SYSTEM.
 
NATIONAL AUTHORITIES 
MAY DETERMINE AN INDEPENDENT... DIFFERENT... OR MORE REFINED LEVEL OF THREAT... 
AND 
THEY WILL ALSO DETERMINE THE APPROPRIATE LEVEL OF ALERT FOR THEIR COASTS AND MAY ISSUE ADDITIONAL OR MORE REFINED INFORMATION 
ON EXPECTED IMPACTS AND RECOMMENDED ACTIONS.
)The Task Team noted the ongoing review of the IHO-IOC General Bathymetric Chart of the Oceans (GEBCO) Project (IOC Decision XXVIII 6.2) and acknowledgedthe importance of the project for tsunami modelling and forecasting.

 (
Recommendation 4 to TOWS-WG
 on modified Green’s Law for tsunami wave forecasting.
Numerical tsunami forecast models run in real time during events by TSPs or NTWCs have to make certain approximations to produce timely products.  One of them is a general amplification law, Green's Law, which transforms offshore tsunami amplitudes to coastal tsunami amplitudes at 1-metre depth. Recent refinements to Green’s Law have been developed and are reported to give more accurate estimations of tsunami wave amplitudes at the coast. For example, France developed modified laws and published the results (Jamelot and Reymond, PAGEOPH 2015) obtained for French Polynesia using historical and recent sea level gauge records and fine modeling results. The conclusion is that depending upon the bathymetry, the value of the factor of the amplification law is very different. 
The Task Team on Tsunami Watch Operations requests that the TOWS-WG recommend to each ICG to examine for implementation such new methodologies to improve their forecast accuracy.  It also notes the importance of coastal sea level gauges for validating the performance of these new methodologies.
)
Products for Maritime Community

Mr Peter Doherty, chair of the IMO/IHO/WMO World-Wide Navigational Warning Service Sub-Committee (WWWNWS-SC), gave a presentation on the World-Wide Navigational Warning Service.  He provided an overview of the history and governance of the WWWNWS, which has a membership of over 40 IHO Member States plus IMO, WMO, IMSO and Inmarsat.  He explained the definitions NAVAREA, NAVAREA Coordinator and National Coordinator and presented a map showing the twenty-one NAVAREAs, which are almost identical to the WMO METAREAs.  He described the duties of the NAVAREA coordinator, which include assessing information of relevance to navigation in the NAVAREA and drafting warning messages in accordance with the Joint IMO/IHO/WMO Manual on Maritime Safety Information (MSI).

Mr. Doherty went on to explain the IMO Sub-Committee on Radio communications and Search and Rescue (COMSAR) policy for the promulgation of warnings for tsunamis and other natural disasters using the International SafetyNET and/or NAVTEX systems.  He explained that as a first step Tsunami Warning Centres should register with the IMO International SafetyNET Coordinating Panel to obtain a certificate of authorisation.  NAVAREA and National Coordinators in affected areas should immediately re-broadcast warnings received from Tsunami Warning Centres with the highest priority and all existing means as appropriate.  Mr Doherty noted that PTWC is the only registered TSP and went on to provide examples of messages that NAVAREAs had broadcast for a number of events in 
2015.

After the presentation, the Task Team asked Mr. Doherty a number of questions on the way forward for cooperation with the WWNWS-SC.  Mr. Doherty requested examples of bulletins from the TSPs.  He also requested a list of competent TSPs recognized by IOC and a copy of the Global Area of Service map.

Action:  Examples of TSP products to be sent to Mr. Peter Doherty by PTWC for the PTWS and CARIBE-EWS, by TSP India for the IOTWMS, and by CENALT for the NEAMTWS.

Action:  Secretariat to send a list of competent TSPs recognized by IOC to Mr. Peter Doherty and a copy of the Global Area of Services map.

Action:  Task Team to prepare product templates for NAVAREA coordinators after receiving a statement of requirements from the WWWNWS-SC.

Action:  ICG technical secretaries to ensure that NAVAREA coordinators are aware of Wave Exercises.
Review of draft standards and guidelines for tsunameter performance submitted by the International Tsunameter Partnership of the Data Buoy Cooperation Panel
Dr Srinivasa Kumar introduced this item on behalf of Dr R. Venkatesan, chair of the International Tsunameter Partnership (ITP).  He referred to the draft document “Tsunameter Equipment Performance Standards and Guidelines” prepared by the ITP and described the scope of the guidelines, which set out the functional, performance and other operational characteristics for deep ocean tsunami detection stations that meet the requirements of local, regional and ocean-wide tsunami warning systems.  He noted that the TSPs need this data in real time to confirm if a tsunami has been generated.  Compliance with the guidelines will enable warning centres, equipment purchasers, operators and non-warning centre data users to have confidence in a tsunameter’s performance, data quality, and interoperability, regardless of the specific equipment’s design or source of supply.

Dr Kumar went on to provide an overview of requirements in terms of measurement and reporting modes; operating and deployment range; and system sustainability and life cycle attributes. He noted that tsunameters must be capable of capturing the tsunami wave signal for waves in the period range 5-40 minutes and of amplitudes down to 3cm or less.  However, absolute accuracy of total water column height is not an important measurement attribute.  Time stamp drift over the unattended life of the bottom unit should be <2 minutes and preferably <1 minute and it is recommended that all data are time/date stamped with internal clock time and external GPS time to verify offset.

Dr Kumar listed the criteria for short and long term storage of high resolution data, and noted that the guidelines also covered secondary operational characteristics; operating life and maintenance criteria; and test and quality assurance processes.

Dr McCreery commented that there is a lot of engineering information in the document that is not of relevance to the Task Team.  However, information on minimum detection limits and data formats are of relevance.

Mr Ozaki commented that only one telecommunications method, Iridium, is used by the DART buoys.  Although telecommunications circuits are duplicated, both are Iridium so communications are not completely redundant.  He suggested adding a statement to Section 5.5 as follows:  “it is recommended that communications routes be as redundant as possible, including using some different satellite communications services”.

The Task Team discussed the triggering threshold and suggested that the tsunameters should be triggered by seismic waves as well as sea level anomalies to increase warning time.  The Task Team also recommended the facility to trigger the tsunameters remotely.  There should be a facility to request the tsunameter operator to trigger the tsunameters on request from a recognised TSP or NTWC.

The Task Team agreed to inform the ITP that it has taken note of the guidelines and encourages working towards standard data formats to enable data access by the TSPs.  The Task Team decided to make the following recommendation to the TOWS-WG:
 (
Recommendation 5 to TOWS-WG
 on Tsunameter Equipment Performance Standards and Guidelines prepared by the International Tsunameter Partnership of the Data Buoy Cooperation Panel.
Noting
 the increasing importance of tsunameter networks for tsunami warning operations,
Appreciating
 the efforts of DBCP-ITP in preparing the "Tsunameter Equipment Performance Standards and Guidelines",
Requests
 DBCP-ITP to (i) recommend a standard data format and encourage its use by tsunameter manufacturers, station operators and data centres to enable real-time data access to the tsunami service providers, (ii) find ways to keep the equipment and operations costs low to ensure sustainability of the tsunameter networks, (iii) enhance redundancy of satellite communication channels to ensure high availability of data and (iv) work out mechanisms to trigger Tsunami buoys based on seismic waves and also capability for the operator to trigger Tsunami buoys based on request from authorised TSPs and NTWCs.
)
SOP Manual for Tsunami Warning and Emergency Response
Mr Tony Elliott and Dr Laura Kong introduced this item.  Mr Elliott provided the background to the document.  He noted that the document arose out of a project conducted by IOC UNESCO funded by ESCAP.  The project was conceived by ITIC based on identified needs to provide guidance on development of SOPs.  A lot of information and training material was generated by the project and a draft manual was prepared at the end of the project, mostly focused on the Indian Ocean region.  However, the TOWS-WG considered that the manual should be more generic in structure and content so that it could be used in all ocean basins, and the Task Team on Disaster Management and Preparedness (TTDMP) was requested to adapt the manual accordingly.  The resulting draft manual under review has been prepared by David Coetzee and Laura Kong in consultation with the IOTWMS Secretariat and both the TTDMP and the TTTWO were invited to provide feedback and comments for the consideration of the authors.

Prior to the meeting, written comments were received from Dr Schindele, Dr Hillebrandt-Andrade and Mr Ozaki.  Dr McCreery invited further comments from the Task Team.  Dr Kong reported that the TTDMP had commented that a flow chart in the NTWC section was incorrect and needed amendment.  The TTDMP also commented that in some countries, the NTWC and the NDMO could be the same agency and this would need to be recognised in the manual.

Dr Schindele commented that the roles and responsibilities of TWFPs would need to be included and referred to throughout the document.  He also commented that the manual should refer not to “NDMOs” but to “authorities”, because these are mandated to respond.

Dr Hillebrandt-Andrade commented that the title does not reflect the spirit of the document and that it should be re-titled to capture: “plans and procedures for tsunami warning and emergency response”.  She also felt that whereas the IOC definition of NTWC is very broad the document is much more prescriptive, and there is some conflict of terminology.

Mr Bailey commented that he found it difficult to follow the terminology in the document and recommended using more generic terminology, focusing on the functions rather than the names of organisations, which vary from country to country.  The manual should concentrate on the steps that need to be taken in the warning function and the response function, recognising that there is interaction between the two.

Action:  Task Team members to provide any further comments or suggested edits to the SOP manual for tsunami warning and emergency response to David Coetzee and Laura Kong by 4 March 2016.
Structure of Global Service Definition Document
Dr Kumar introduced this item and provided an update on progress that had been made towards the development of the Global Service Definition Document (GSDD).  He referred to the modified version of the GSDD, circulated to the Task Team in advance of the meeting.  He reported that the terminology has been updated.  The Task Team members had also requested the roles and responsibilities of TSPs and NTWCs to be added as well as criteria for acceptance as a TSP.  A section has been added on the limitations of tsunami warning systems and procedures.  Other sections such as on post-event assessment procedures have yet to be added.

Dr Kumar explained that he had used the IOTWMS Service Definition Document as a template and had included information and decisions from previous TTTWO meetings.  He had included details of the PTWC enhanced products.  The document needs to be updated based on the outcomes of the present TTTWO meeting, including updated KPIs and maps, and needs overall checking for consistency of terms.  The table of threat levels from the TOWS-WG-IV report should also be included.  

Mr Elliott informed that the GSDD would be published in the IOC Technical Series.  The document should therefore be approved by TOWS-WG.  

Dr. Schindele opened a discussion about sea level parameters.  He suggested that guidelines and a figure should be provided to show what these parameters are.  The Task Team discussed this issue and agreed on where the time of the maximum and minimum forecast and observed tsunami should be measured by TSPs and NTWCs.  They also agreed that the most important measurements for inclusion in TSP products during events are the tsunami arrival time and the maximum tsunami amplitude.  This information will be incorporated into the Global Services Definition Document.

Dr. Schindele also commented that tsunami height is dependent on initial sea floor uplift as well as coastal bathymetry and this should be highlighted in Chapter 14.

Dr. Hillebrandt-Andrade suggested that date-stamped figures showing the seismic networks used by the TSPs should be included.  She also commented that there are some SOPs specific to the IOTWMS that should not be in the GSDD, for example that reporting back to TSPs is only for the IOTWMS.  The figures showing SOPs should be more generic.  She also suggested highlighting the role of the Tsunami Information Centres in Wave exercises.

Dr. McCreery commented that the Pacific and Caribbean don’t have TSP backup, so the language should be modified to ease this requirement.

Dr. McCreery requested the Task Team members to review the GDSS thoroughly and provide any additional comments to Dr Kumar.

Dr Postnov advised that the Global Service Definition Document should be finalised by email correspondence between the Task Team members.  It is important that the document and recommendations should be available by April/May so that he as TOWS-WG chair can report to the Executive Council in June.

Dr Aarup advised that the Task Team could recommend to TOWS-WG that the Global Service Definition Document should be approved subject to minor editorial updates.  He also advised that the Executive Council does not approve documents, but it is important that the ICGs agree on definitions and that it has TOWS-WG endorsement.  The document is a living document and can be revised.

 (
Recommendation 6 to TOWS-WG
 on the Global Service Definition Document
The Task Team on Tsunami Watch Operations recommends that the draft Global Service Definition Document be adopted, subject to editorial amendments as appropriate, and that it should be published prior to IOC EC-49 in June 2016.
)

Other Harmonisation Issues
 (
Recommendation 7 to TOWS-WG
 on 
on the tenure of the Task Team
: 
To extend the term of the Task Team on Tsunami Watch Operations for a further intersessional period with the same Terms of Reference to allow it to continue its work
.
)No further harmonisation issues were discussed.  However, the Task Team recommended that its mandate should be extended for a further period on the same Terms of Reference to allow it to make further progress on its activities.

Review of Action Items and Recommendations to the TOWS-WG
Recommendations
(See body of main report for full text)

Recommendation 1 to TOWS-WG on the Area of Service and Earthquake Source Zone maps.

Recommendation 2 to TOWS-WG on Key Performance Indicators for TSP, NTWC and TWFP

Recommendation 3 to TOWS-WG on clarifying language at the beginning of TSP text products

Recommendation 4 to TOWS-WG on modified Green’s Law for tsunami wave forecasting

Recommendation 5 to TOWS-WG on Tsunameter Equipment Performance Standards and Guidelines prepared by the International Tsunameter Partnership of the Data Buoy Cooperation Panel.

Recommendation 6 to TOWS-WG on the Global Service Definition Document

Recommendation 7 to TOWS-WG on on the tenure of the Task Team

Actions
Action:  Examples of TSP products to be sent to Mr. Peter Doherty by PTWC for the PTWS and CARIBE-EWS, by TSP India for the IOTWMS, and by CENALT for the NEAMTWS.

Action:  Secretariat to send a list of competent TSPs recognized by IOC to Mr. Peter Doherty and a copy of the Global Area of Services map.

Action:  Task Team to prepare product templates for NAVAREA coordinators after receiving a statement of requirements from the WWWNWS-SC.

Action:  ICG technical secretaries to ensure that NAVAREA coordinators are aware of Wave Exercises.

Action:  Task Team members to provide any further comments or suggested edits to the SOP manual for tsunami warning and emergency response to David Coetzee and Laura Kong by 4 March 2016

Close of Meeting
Dr Charles McCreery closed the meeting at 5:30pm and thanked the participants for their contribution to a highly productive meeting.
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Paris, France

AGENDA

Day 1: Tuesday February 23, 2016
	Item 
	Time
	Topic 
	Lead

	1 
	0900-0915
	Opening and Session Organization
· Registration
· Overview of the meeting logistics, introductions of the participants, review of the agenda, etc.
	
Chip McCreery


	2 
	0915-0945
	Presentation on the Progress of TTTWO
· Review of the TTTWO recommendations/actions from previous meetings
· Feedback from ICGs on the status of implementation of TTTWO/TOWS-WG recommendations/actions
	
Srinivasa Kumar


ICG-Representatives

	3
	0945-1030
	Presentations from the ICG Representatives
· Overview of the current status of and future plans for tsunami watch operations in each ICG
	
ICG-Representatives

	Break

	3 cont
	1100-1145
	Presentations from the ICG Representatives (contd…)
	ICG-Representatives

	4
	1145-1230
	Status of implementation of AoR, AoS and ESZ  
· Banda/Java Sea Service under development in PTWS 
	
Chip McCreery

	Lunch

	5
	1400-1530
	Procedures, Terminologies, Products and Dissemination
· Key Performance Indicators for all aspects of Tsunami Warning & Mitigation
	

Rick Bailey/Chip McCreery

	Break

	5
cont
	1600-
1730
	Procedures, Terminologies, Products and Dissemination (contd.)
· Products for Maritime community
	

Rick Bailey,
Peter Doherty, Chair of the IMO/IHO/WMO World-Wide Navigational Warning Service Sub-Committee (by Skype)






Day 2: Tuesday February 24, 2016
	Item 
	Time
	Topic 
	Lead

	5
cont
	0900-1000
	Procedures, Terminologies, Products and Dissemination (contd…)
· Review of draft standards and guidelines for tsunameter performance submitted by the International Tsunameter Partnership of the Data Buoy Cooperation Panel

	

Representative of ITP


	6
	1000-1030
	SOP Manual for Tsunami Warning and Emergency Response
· Review of SOP manual prepared by Task Team on Disaster Management and Preparedness

	

Tony Elliott

	Break

	6
cont
	1100-
1130
	SOP Manual for Tsunami Warning and Emergency Response (contd…)

	Tony Elliott

	7
	1130-1230
	Global Service Definition Document
	Srinivasa Kumar


	Lunch

	7
cont
	1400-
1530
	Global Service Definition Document (contd...)
	Srinivasa Kumar


	Break

	8
	1600-
1700
	Other harmonisation issues arising from ICGs
	ICG Representatives

	9
	1700-
1730
	Review of Action Items and Recommendations to the TOWS-WG

	Chip McCreery


	10.
	1730
	Close of Meeting
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APPENDIX 5

Recommended Key Performance Indicators for TSPs, NTWCs and TWFPs


1. Tsunami Service Provider (TSP) Functional Status
a) Operational 24 hours/day, seven days /week (24/7) – Target 99%
b) Notify TWFPs and NTWCs of planned major service changes – Target > 3 months
c) Notify TWFPs and NTWCs of planned major interruptions – Target > 3 months
d) Return to service after planned interruptions – Target < 1 day
e) Return to service after unplanned interruptions in an event – Target <30 mins


2. National Tsunami Warning Centre (NTWC) Functional Status
a) Notify authorities of planned service changes – Target > 3 months
b) Notify authorities of planned interruptions – Target > 3 months
c) Return to service after planned interruptions – Target < 1 day
d) Return to service after unplanned interruptions – Target <30 mins
e) Elapsed time of issuing tsunami warnings and other related statements according to SOPs – Target < 10 mins after earthquake for local and 30 mins for regional tsunami threat to their country
f) Notify IOC of changes to Tsunami Warning Focal Point information – Target < 1 week
g) Maintain an overlap period between the old TWFP contact information and the new TWFP contact information to allow time for the IOC and TSPs to implement the change – Target > 3 months


3. Tsunami Warning Focal Point (TWFP) Functional Status
a) Operational 24 hours/day, seven days /week (24/7) – Target 99%
b) Notify authorities of planned service changes – Target > 3 months
c) Notify authorities of planned interruptions – Target > 3 months
d) Return to service after planned interruptions – Target < 1 day
e) Return to service after unplanned interruptions – Target <30 mins
f) Notify IOC of changes to Tsunami Warning Focal Point information – Target < 1 week
g) Maintain an overlap period between the old TWFP contact information and the new TWFP contact information to allow time for the IOC and TSPs to implement the change – Target > 3 months
		Elapsed time of disseminating TSP bulletins according to Standard Operating Procedures – Target < 10 mins after TSP bulletin issuance for local and regional tsunami threat to their country
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Prof. Kenji Satake, Chair of the Task Team, opened the meeting and welcomed warmly all participants.

He reminded that the Task Team had held two sessions in Göcek (Turkey, 24 September 2013) and in Rhodos (5 October 2014). Reports of these sessions are available as annexes in the reports from TOWS VII and TOWS VIII (see http://unesdoc.unesco.org/images/0022/002282/228252e.pdf and http://unesdoc.unesco.org/images/0023/002347/234722e.pdf )

At these sessions the Task Team had refined its goals towards 
· Summarize current knowledge on “tsunami earthquakes”
· Present select studies on tsunami hazard assessment studies and review how maximum credible earthquake size and likelihood have been incorporated
· Discuss how different approaches can be harmonised
· Work towards a consensus on best practices for tsunami hazard assessments.

In that respect the Task Team had recommended

· To provide guidance to the four regional tsunami ICGs on how to calculate seismic hazard risks, including a possibility of “tsunami earthquake” and maximum credible magnitude, based on Global Earthquake Model (GEM) Faulted Earth Subduction Characterisation Project and also based on the earthquake parameters used in the UNISDR Global Assessment Report 2015 – GAR 2015 which some of the Task team members have also been involved in the compilation.

· To move along with the proposed workshop on developing best practices for hazard assessment. 

The objectives and proposal had been endorsed by TOWS-WG.

Various venues were explored for a workshop, but it was eventually concluded that it would be most optimal to convene the third session of the Task Team as an extended workshop back-to-back with the IUGG Tsunami Commission meeting during the 26th General Assembly of the International Union of Geodesy and Geophysics (IUGG), from 22 June to 2 July 2015 (http://www.iugg2015prague.com/).

2.	REPORT OF PAST ACTIVITIES
Prof. Satake briefly reminded participants about the results of the earlier sessions. 

At the first session in 2013 Laura Wallace had provided summaries of the work of the Faulted Earth Subduction Characterization Project (under the Global Earthquake Model) and Phil Cummins had provided and overview of the Probabilistic tsunami hazard assessment of Indian Ocean nations. A summary bibliography on tsunami hazard assessments and tsunami earthquakes had also been developed (available in meeting report and from meeting web-site).

At second session presentations were provided by Prof. Emile Okal on “Tsunami Earthquakes: Facts and Challenges; Viacheslav Gusiakov on Tsunami hazard assessment and maximum credible earthquake size in Kuril-Kamchatka region; Kenji Satake on Approaches to estimate maximum earthquake; Alberto López on Tsunami hazard assessment pertaining to Northern Hispaniola, Caribbean; and Ahmet Yalciner who provided a brief overview of earthquake hazards in the Mediterranean. (The reports are available in meeting report and from meeting web-site).

3.	SUBDUCTION-ZONE EARTHQUAKES

Prof. Thorne Lay provided a summary presentation on “A Global Surge of Great Earthquakes and Their Tsunami”.

During the decade from mid-2004 to mid-2014 18 great (Mw ≥ 8.0) earthquakes occurred globally (~1.8 per year), compared to 71 from 1900 to mid-2004 (~0.7 per year).  Eleven of the 18 events struck on plate-boundary megathrusts, almost all locating in recognized long-term seismic gap regions; two were outer rise extensional events that had clear interactions with large thrust events on the interplate megathrust; one was an intraslab event at intermediate depth that was still tsunamigenic; three were strike-slip events that were only weakly tsunamigenic; and one was a deep focus event (Figure 1). Six events had Mw ≥ 8.5, larger than any prior event since the 1965 Rat Islands earthquake. The December 26, 2004 Mw 9.2 Sumatra earthquake had the longest recorded rupture length of 1300+ km and a rupture duration exceeding 450 s. It produced the most deadly tsunami on record. The largest recorded strike-slip earthquake (Mw 8.7) occurred in the Indo-Australian plate on April 11, 2012, but the tsunami was weak due to the focal mechanism. The largest recorded deep focus earthquake (Mw 8.3) occurred under the Sea of Okhotsk on May 24, 2013, and this produced only a tiny tsunami in the Sea of Okhotsk. The March 11, 20In addition, there were two slightly smaller MW 7.8 tsunami earthquakes offshore of Java (17 July 2006) and the Mentawai islands (October 25, 2010) in regions of low seismic coupling and strong seismic coupling, respectively. While this overall surge of activity has not been demonstrated to be causally linked, regional spatio-temporal clustering is clearly evident for great events along the Sumatra, Kuril and Tonga subduction zones, and longer-range interactions have been established for global seismicity and seismic tremor at lower magnitudes following some of the events. This recent decade of intense great earthquake activity coincided with vastly expanded global networks of seismometers, GPS stations, tsunami gauges, and new satellite imaging capabilities such as InSAR and LandSAT interferometry and gravity measurements by GRACE and GOCE, enabling unprecedented analyses of precursory, co-seismic and post-seismic processes around the subduction zone environments where most of the events occurred. Individual events such as the March 11, 2011, Tohoku, Japan Mw 9.0 earthquake produced more ground motion and tsunami recordings than available for all great earthquakes of the last century collectively. Joint inversion and modelling of the diverse data sets exploit complementary sensitivity of the signals to different aspects of the earthquake processes. Major advances have been achieved in quantifying frictional locking and strain accumulation prior to some great events and in relating it to coseismic slip heterogeneity. Many surprising aspects of these well-quantified great earthquakes have been manifested, associated with their rupture dimensions, tectonic location, compound faulting, triggering interactions, slow slip and foreshock migration precursors, aftershock complexity, and depth-varying seismic radiation characteristics. Regions with potential for near-future great ruptures include mature seismic gaps along the Mentawai Islands and northern Chile, where damaging tsunami are likely, as well as in western North America and the Himalayan front, so more great earthquake activity can certainly be anticipated.
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Figure 1.  Locations of 89 great (Mw ≥ 8.0) earthquakes from 1900-2014 (green circles), with the 18 labelled events from 2004 to 2014 being depicted with lower hemisphere focal mechanisms for the best double-couple geometry of the corresponding global centroid-moment tensor (GCMT) solutions for all except the triggered Mw 8.0 thrust event of the 2009 Samoa Islands doublet (Lay et al., 2010c).

The presentation drew from T. Lay references by event, as cited here:

26 December 2004 Sumatra MW 9.2 giant tsunami event
Ammon, C. J., C. Ji, H.-K. Thio, D. Robinson, S. Ni, V. Hjorleifsdottir, H. Kanamori, T. Lay, S. Das, D. Helmberger, G. Ichinose, J. Polet, and D. Wald (2005), Rupture process of the great 2004 Sumatra-Andaman earthquake, Science, 308, 1133-1139.
Lay, T., H. Kanamori, C. J. Ammon, M. Nettles, S. N. Ward, R. Aster, S. L. Beck, S. L. Bilek, M. R. Brudzinski, R. Butler, H. R. DeShon, G. Ekstrom, K. Satake, and S. Sipkin (2005). The great Sumatra-Andaman earthquake of 26 December 2004, Science, 308, 1127-1133.
3 May 2006 Tonga MW 8.0 earthquake
Meng, Q., D. S. Heeszel, L. Ye, T. Lay, D. A. Wiens, M. Jia, and Phil R. Cummins (2015),. The 3 May 2006 (Mw 8.0) and 19 March 2009 (Mw 7.6) Tonga earthquakes: Intraslab compressional faulting below the megathrust, J. Geophys. Res., submitted.
17 July 2006 Java MW 7.8 tsunami earthquake
Ammon, C. J., H. Kanamori, T. Lay, and A. A. Velasco (2006), The 17 July 2006 Java tsunami earthquake, Geophys. Res. Lett., 33, L24308, doi:10.1029/2006GL028005.

16 November 2006 MW 8.4 and 13 January 2007 MW 8.1 Kuril Islands doublet
Ammon, C. J., H. Kanamori, and T. Lay (2008), A great earthquake doublet and seismic stress transfer cycles in the Central Kuril Islands, Nature,451, 561-565.
Lay, T., H. Kanamori, C. J. Ammon, A. R. Hutko, K. Furlong, and L. Rivera (2009), The 2006-2007 Kuril Islands great earthquake sequence, J. Geophys. Res.,114, B113208, doi:10.1029/2008JB006280.
1 April 2007 Solomon Islands MW 8.1 earthquake and tsunami
Furlong, K. P., T. Lay, and C. J. Ammon (2009). A great earthquake rupture across a rapidly evolving three-plate boundary, Science, 324, 226-229.
15 August 2007 Peru MW 8.1 and 23 June 2001 Peru MW 8.5 earthquakes
Lay T., C. J. Ammon, A. R. Hutko, and H. Kanamori (2010a), Effects of kinematic constraints on teleseismic finite-source rupture inversions: Great Peruvian Earthquakes of 23 June 2001 and 15 August 2007, Bull. Seismol. Soc. Am., 100, 969-994.
29 September 2009 Samoa MW 8.1 normal and 8.0 thrust triggered doublet
Beavan, J., X. Wang, C. Holden, K. Wilson, W. Power, G. Prasetya, M. Bevis, and R. Kautoke (2010), Near-simultaneous great earthquakes at Tongan megathrust and outer rise in September 2009, Nature,466, 959-963.
Lay, T., C. J. Ammon, H. Kanamori, L. Rivera, K. D. Koper, and A. R. Hutko (2010c), The 2009 Samoa-Tonga great earthquake triggered doublet, Nature, 466, 964-968.
27 February 2010 MW 8.8 Maule, Chile earthquake and tsunami
Koper, K. D., A. R. Hutko, T. Lay, and O. Sufri (2012), Imaging short-period seismic radiation from the 27 February 2010Chile (Mw 8.8) earthquake by back-projection of P, PP, and PKIKP Waves, J. Geophys. Res.,117, B02308, doi:10.1029/2011JB008576.
Lay, T., C. J. Ammon, H. Kanamori, K. D. Koper, O. Sufri, and A. R. Hutko (2010b), Teleseismic inversion for rupture process of the 27 February 2010 Chile (Mw 8.8) earthquake, Geophys. Res. Lett., 37, L13301, doi:10.1029/2010GL043379.
Lay, T. (2011), Earthquakes: a Chilean surprise, Nature, 471(7337), 174-175, doi:10.1038/471174a.
Yue, H., T. Lay, L. Rivera, C. An, C. Vigny, X. Tong, and J. C. Báez Soto (2014b), Localized fault slip to the trench in the 2010 Maule, Chile Mw = 8.8 earthquake from joint inversion of high-rate GPS, teleseismic body waves, InSAR, campaign GPS, and tsunami observations, J. Geophys. Res., 119, doi:10.1002/2014JB011340.
2010 Mentawai MW 7.8 tsunami earthquake
Lay, T., C. J. Ammon, H. Kanamori, Y. Yamazaki, K. F. Cheung, and A. Hutko (2011b), The 25 October 2010 Mentawai tsunami earthquake (Mw 7.8) and the tsunami hazard presented by shallow megathrust ruptures, Geophys. Res. Lett.,38, L13301, doi:10.1029/2010GL046552.
Yue, H., T. Lay, L. Rivera, Y. Bai, Y. Yamazaki, K. F. Cheung, E. M. Hill, K. Sieh, W. Kongko, and A. Muhari (2014a), Rupture process of the 2010 Mw 7.8 Mentawai tsunami earthquake from joint inversion of near-field hr-GPS and teleseismic body wave recordings constrained by tsunami observations, J. Geophys. Res., 119, 5574-5593, doi: 10.1002/2014JB011082.
Yue, H., T. Lay, L. Li, Y. Yamazaki, K. F. Cheung, L. Rivera, E. M. Hill, K. Sieh, W. Kongko, and A. Muhari (2015). Validation of linearity assumptions for using tsunami waveforms in joint inversion of kinematic rupture models: Application to the 2010 Mentawai Mw 7.8 tsunami earthquake, J. Geophys. Res., 120, 1728-1747, doi:10.1002/2014JB011721.

11 March 2011 Tohoku MW 9.0 great tsunami event
Ammon, C. J., T. Lay, H. Kanamori, and M. Cleveland (2011), A rupture model of the 2011 off the Pacific coast of Tohoku Earthquake, Earth, Planets, and Space, 63, 693-696, doi:10.5047/eps.2011.05.015.
Koper, K. D., A. R. Hutko, and T. Lay (2011a), Along-dip variation of teleseismic short-period radiation from the 11 March 2011 Tohoku Earthquake (Mw 9.0), Geophys. Res. Lett.,38, L21309, doi:10.1029/2011GL049689.
Koper, K. D., A. R. Hutko, T. Lay, C. J. Ammon, and H. Kanamori (2011b), Frequency-dependent rupture process of the 2011 Mw9.0 Tohoku Earthquake: Comparison of short-period P wave back-projection images and broadband seismic rupture models, Earth, Planets, and Space, 63, 599-602, doi:10.5047/eps.2011.05.026.
Lay, T., C. J. Ammon, H. Kanamori, L. Xue, and M. J. Kim (2011a), Possible large near-trench slip during the 2011 Mw 9.0 off the Pacific coast of Tohoku earthquake, Earth, Planets, and Space, 63, 687-692, doi:10.5047/eps.2011.05.033.
Lay, T., Y. Yamazaki, C. J. Ammon, K. F. Cheung, and H. Kanamori (2011c), The 2011 Mw 9.0 off the Pacific coast of Tohoku Earthquake: Comparison of deep-water tsunami signals with finite-fault rupture model predictions, Earth, Planets, and Space, 63, 797-801, doi:10.5047/eps.2011.05.030.
Lay, T., and H. Kanamori (2011), Insights from the great 2011 Japan earthquake, Physics Today, December, 33-39.
Yamazaki, Y., T. Lay, K. F. Cheung, H. Yue and H. Kanamori (2011). Modelling near-field tsunami observations to improve finite-fault slip models for the 11 March 2011 Tohoku earthquake, Geophys. Res. Lett., 38, L00G15, doi:10.1029/2011GL049130. 
Yamazaki, Y., K. F. Cheung, and T. Lay (2013). Generation mechanism and near-field dynamics of the 2011 Tohoku tsunami, Bull. Seism. Soc. Am., 103, 1444-1455, doi: 10.1785/0120120103. 
Yue, H., and T. Lay (2011), Inversion of high-rate (1-sps) GPS data for rupture process of the 11 March 2011 Tohoku earthquake (Mw 9.1), Geophys. Res. Lett., 38, L00G09, doi:10.1029/2011GL048700.
Yue, H., and T. Lay (2013), Source rupture models for the Mw 9.0 2011 Tohoku earthquake from joint inversions of high-rate geodetic and seismic data, Bull. Seism. Soc. Am., 103, 1242-1255, doi:10.1785/0120120119
11 April 2012 Indo-Australia MW 8.7 and 8.2 Strike-Slip Events
Yue, H., T. Lay, and K. D. Koper (2012), En échelon and orthogonal fault ruptures of the 11 April 2012 great intraplate earthquakes, Nature, 490, 245-249, doi:10.1038/nature11492.
Hill, E. M., H. Yue, S. Barbot, T. Lay, P. Tapponnier, I. Hermawan, J. Hubbard, P. Banerjee, L. Feng, D. Natawidjaja, and K. Sieh (2015).  The 2012 Mw 8.6 Wharton Basin sequence: A cascade of great earthquakes generated by near-orthogonal, young, oceanic-mantle faults, J. Geophys. Res., 120, doi:10.1002/2014JB011703.
28 October 2012 Haida Gwaii MW 7.8 earthquake and tsunami
Lay, T., L. Ye, H. Kanamori, Y. Yamazaki, K. F. Cheung, K. D. Koper, and K. Kwong (2013b). The October 28, 2012 Mw 7.8 Haida Gwaii underthrusting earthquake and tsunami: Slip partitioning along the Queen Charlotte Fault transpressional plate boundary, Earth Planet. Sci. Lett., 375, 57-70, http://dx.doi.org/10.1016/j.epsl.2013.05.005.
6 February 2013 Santa Cruz Islands MW 8.0 earthquake and tsunami
Lay, T., L. Ye, H. Kanamori, Y. Yamazaki, K. F. Cheung, and C. J. Ammon (2013a), The February 6, 2013 Mw 8.0 Santa Cruz Islands earthquake and tsunami, Tectonophysics, 608, 1109-1121, http://dx.doi.org/10.1016/j.tecto.2013.07.001. 

1 April 2014 Iquique, Chile MW 8.0 earthquake and tsunami
Brodsky, E. E., and T. Lay (2014). Recognizing foreshocks from the 1 April 2014 Chile earthquake, Science, 344, 700-702, doi:10.1126/science.1255202. 
Lay, T., H. Yue, E. E. Brodsky, and C. An (2014), The 1 April 2014 Iquique, Chile, Mw 8.1 earthquake rupture sequence, Geophys. Res. Lett., 41, 3818-3825, doi:10.1002/2014GL060238.
Bai, Y., K. F. Cheung, Y. Yamazaki, T. Lay, and L. Ye (2014), Tsunami surges around the Hawaiian Islands from the 1 April 2014 North Chile Mw 8.1 earthquake, Geophys. Res. Lett., 41, 8512-8521, doi:10.1002/2014GL061686.

4.	INPUTS FROM ICG REPRESENTATIVES
Prof. Ahmet Yalciner (Chair ICG/NEAMTWS) provided a summary of earthquake hazard mapping and probabilistic assessments for the NEAMTWS region. He mentioned that no detailed studies exist for the whole region and more information is required about generation mechanism. Some probabilistic tsunami hazard assessments are under way through EU funded projects like ASTARTE and TSUMAP. For the western Mediterranean and NE Atlantic there is a need to know what is the maximum magnitude earthquake that can be expected, what type of earthquake can be expected and what are source zones. For eastern Mediterranean the questions are max earthquake size proxies to be used? And what methodology and what approach to use for estimating max magnitude earthquake for particular segments. 
Christa von Hillebrandt (Chair of ICG/CARIBE-EWS) provided a summary of CARIBE-EWS. She stressed the need for a list of earthquakes and sources, harmonization/standardisation of earthquake scenarios and tsunami scenarios, recommendations on what type of data should be collected in order to generate best hazard assessments, and establishment of best practices for studies on tsunami hazard assessment.
5.	PRESENTATIONS FROM PARTICIPANTS ON ITEMS 1-4
Dr William Power reported on two earthquakes of the coast north of Gisborne (New Zealand) in March (Mw 7.1) and May 1947 (Mw 6.9) that both show characteristics of being “Tsunami Earthquakes”. For the March event up to ~11.0 m tsunami water levels were observed, while up to ~6.0m water levels were observed for the May event. Seismogram and Tsunami modelling indicate that rupture velocities appear to be very slow (150-300 m/s) in March 1947 earthquake. The low rupture velocities and propagation down dip lead to an amplification of tsunami waves. 
Details about the study are provided in Bell, R. et al. (2014), Hikurangi margin tsunami earthquake generated by slow seismic rupture over a subducted seamount, Earth and Planetary Science Letters, 397, http://dx.doi.org/10.1016/j.epsl.2014.04.005. William Power’s presentation is also available at the meeting web-site http://www.ioc-tsunami.org/index.php?option=com_oe&task=viewEventRecord&eventID=1685
As a consequence of the study public self-evacuation advice was revised for long duration earthquakes to:
· Educate self-evacuation following an earthquake of Moment Magnitude VI or greater, or one that lasts for more than one minute
· Too strong to stand up or walk, or lasts for more than one minute.
Laura Kong presented on behalf of Paula Dunbar an overview of The Global Historical Tsunami Database. The database is maintained at NOAA National Centers for Environmental Information (NCEI), provides information on over 2,400 tsunamis from 2100 BC to the present in the Atlantic, Indian, and Pacific Oceans; and the Mediterranean and Caribbean Seas. The database includes two related files. The first file includes information on the tsunami source such as the date, time, and location of the source event; cause and validity of the source, tsunami magnitude and intensity; maximum water height; the total number of fatalities, injuries, houses destroyed, and houses damaged; and total damage estimate (in U.S. dollars). The second related file contains information on the run-ups (the locations where tsunami waves were observed by eyewitnesses, reconnaissance surveys, tide gauges, and deep-ocean sensors) such as name, location, arrival time, maximum water height and inundation distance, and socio-economic data (deaths, injuries, damage) for the specific run-up location. 
Dr Yong Wei described an ongoing effort to develop Probabilistic Tsunami Hazard maps Using Predetermined Unit Tsunami Sources for five US states boarding the Pacific coast.
Presently, the United States does not design buildings and structures to resist tsunami effects, and a significant risk is ignored in engineering design. The Tsunami Loads and Effects Subcommittee under the American Society of Civil Engineers (ASCE) is developing a new Chapter 6 “Tsunami Loads and Effects” for the 2016 edition of the ASCE 7 standards. These new provisions specifically address tsunami loads and effects on buildings. The ASCE 7 standards are presently applicable to the 5 Pacific states of U.S., including Alaska, Washington, Oregon, California and Hawaii. Maps of 2,500-year probabilistic tsunami inundation for Alaska, Washington, Oregon, California, and Hawaii are being developed for use with the ASCE design provisions. These new tsunami design zone maps will define the coastal zones where structures of greater importance would be designed for tsunami resistance and community resilience.
The presentation described the approach taken to develop the maps and provided preliminary comparisons with existing evacuation zone maps and envisioned refinements of products. Further details can be found in the slides available at the meeting web-site.
Viacheslav Gusiakovprovided a brief presentation on Tsunami hazard assessment and maximum credible earthquake size in Kuril-Kamchatka region. The presentation is available at the meeting web-site.
John Schneider gave a presentation of the Probabilistic Tsunami Hazard Assessmentof the Indian Ocean Nations which was carried out from 2007-2009 and suggested this assessment could serve as a start for other ICG regions. The Assessment report is available at https://d28rz98at9flks.cloudfront.net/68717/68717.pdf and the executive summary of the Assessment is extracted below. [For the record it is noted that Dr Phil Cummins also provided a presentation on the Assessment at the first session of the Task Team in Göcek, Turkey, 24 September 2013.]
The project commenced with the UNESCO-IOC Workshop on Methodologies forIndian Ocean Hazard Assessment, convened in Bandung, Indonesia, 17-18 July 2007, andattended by experts in the geology, tectonics and earthquake activity nominated by IOCmember states in the Indian Ocean region. The focus of the workshop was on assessingwhat information exists to constrain the probabilities and magnitudes of tsunamigenicearthquakes, and whether this information was sufficient for developing a useful tsunamihazard assessment. While the discussions recognized the important limitations of a broad-brush hazard assessment, it was recognized that such an assessment would be an important step towards further work. The 2007 Bandung workshop resulted in the selection ofa panel of scientists, each of whom visited Geoscience Australia to provide input into theprobabilistic tsunami hazard assessment for the Indian Ocean presented here.
Two views emerged in discussions among the panel of developers. The hazardassessment should, on the one hand, avoid over-estimating the hazard by considering onlythose sources for which there is solid evidence for generation of large tsunami. On the otherhand, the assessment should be careful not to miss source zones that may generate largetsunami even if they have not done so historically - as was the case for the 2004 IndianOcean Tsunami (IOT). The panel decided these two views could best be accommodated bydeveloping two assessments, referred to here as low-hazard and high-hazard end memberassessments. 
This affords a clear expression of uncertainty in the hazard as the differencebetween the two end members, while it was hoped that any additional confusion createdin application of the two assessments to mitigation would be manageable. The geographicalpattern of the low-hazard assessment is broadly reflective of the impact of the IOT. Thehigh-hazard assessment, on the other hand, highlights areas potentially threatened by localtsunami, such as the western Makran and southern Java coasts, which are at the same timethe areas of highest uncertainty in the hazard assessment.
This broad-brush tsunami hazard assessment is intended to inform tsunami mitigation strategies at the regional scale, and it is hoped that it will provide a foundation formore localized tsunami risk assessments to be undertaken in a systematic and consistentfashion across the Indian Ocean. Also, the uncertainty in the hazard assessment can serveas a guide to where further work is required to address the lack of data on historic andprehistoric tsunami. It should be appreciated, however, that the approach taken in thisbroad-brush assessment is not sufficient for understanding the tsunami threat at a community level, because the modelling is too coarse to accurately represent the tsunami heightson land that are needed to assess impact. While the assessment presented here can be usedto determine what source zones contribute most to the hazard at a given coastal location,a proper assessment of the tsunami threat to a coastal community would require detailedinundation modelling for a range of scenarios to cover the most important source zones.
Such modeling should be considered where this assessment suggests high hazard offshore apotentially vulnerable community, but the computational and data requirements for suchmodelling were well beyond the scope of this project.
6.	GLOBAL EARTHQUAKEMODEL
John Schneider provided a presentation on the Global Earthquake Model (GEM) and some of the products developed under GEM that can be of use for Tsunami Hazard Assessment. These include the Open Quake-engine (http://github.com/gem) which is software for calculation of hazard and physical risk of earthquakes based on best-effort assembled data set from the scientific community. The GEM Hazard Global Components include: (i) Global Instrumental seismicity catalogue (ISC-GEM); (ii) - Global Historical seismicity catalogue and archive (GHECand GHEA); (iii)  Global strain rate model (GSRM); (iv) Global active fault database (GFE); and (v)  Global Ground Motion Prediction Equations (GGMPEs). 
GEM has also organized a globally consistentcharacterization ofsubduction interfacesources through the GEM Faulted Earth Subduction Interface Characterization Project. [This project was initially reported to the first session of the Task Team by Laura Wallace in Göcek, Turkey, 24 September 2013]. The project has now been completed and the final report is available at https://www.globalquakemodel.org/media/publication/GEM-GC-FE-GEM_Faulted_Earth_Project-2015-02-v01.pdf
Mr. Schneider highlighted the following conclusions from the report:
In this report we assess the parameters associated with the plate interface itself and do not include seismicity within the down-­‐going plate or overriding plate. To accurately estimate the total hazard associated with subduction zones, one also needs to consider plate‐bending earthquakes and earthquakes associated with deformation of the down‐going plate before it enters the subduction zone – so‐called ‘outer rise’ events, as well as events occurring in the upper plate. These are outside of the scope of this report. 
Using geophysical data, supplemented by the past history of earthquakes in subduction zones, a database has been developed to derive earthquake event sets on any segment of the globe’s 55,000-­‐km-­‐long subduction interface zones. We have deﬁned the likely maximum magnitude earthquake that could occur, the ratio of small to large earthquakes typical of each region (the Gutenberg‐Richter b‐value), a seismic coupling coefficient, and the relative plate velocity. Event sets for any subduction zone can then be created from these, consistently‐derived, simple parameters. 
The maximum magnitude of each subduction zone is based on its total length (McCaffrey, 2008). If the total length of the subduction zone exceeds what can realistically rupture with the generally accepted maximum magnitude around Mw 9.6 (e.g., Kagan and Jackson, 2013; Rong et al., 2014) then the Mmax is capped at this. When implemented, we propose that the earthquake event sets should ‘ﬂoat’ along the whole subduction zone in the manner developed by Parsons et al. (2012) for the Nankai Trench in Japan, with the moment rate balanced against the convergence rates, coupling coefficients. 
	In this database we have deﬁned suitably large uncertainties to encompass the plausible range of values to the input parameters and thus envelope the hazard posed by the subduction interface seismic zones. The database thus derived suggests that earthquakes above Mw 9 could be expected in as many 50% of the global subduction zones and their possible segments, consistent with the growing awareness that the historic period has been too short to accurately characterize the largest earthquakes on many of the subduction interface zones worldwide.
6.1	GLOBAL TSUNAMI MODEL
Mr Finn Løvholt presented a note on the proposed Global Tsunami Model on probabilistic tsunami hazard and risk for the IOC/UNESCO TOWS Working Group. Various organisations (Norwegian Geotechnical Institute (NGI), Geoscience Australia (GA), National Institute of Geophysics and Volcanology (INGV), the Portuguese Sea and Atmosphere Institute (IPMA), USGeological Survey) have proposed to form a Global Tsunami Model (GTM) network to work jointly across disciplines and regions on tsunami hazard and risk. 
The initiative has emerged from their joint work towards the Global Assessment Report (GAR) for the UN-ISDR on probabilistic tsunami hazard and economic loss. The hazard and risk results in the GAR reports aim at establishing overall losses for nations. Due to limitations based on the global character of the study, it is presently not suitable towards local assessment such as the development of evacuation zones in conjunction with tsunami early warning. GTM will partly build on the GAR work, at least initially, but the overarching ambition of the proposed GTM is then wider than for GAR. GTM is meant to put together a global community aimed at working together on probabilistic hazard and risk assessment and quantification of uncertainty. If successful, the GTM may also gather and provide the tools (data, models, analyses at different scales) needed to assist decision-makers and other stakeholders incorporating the estimates of this low probability high consequence risk in various applications, probabilistic hazard based evacuation maps being one of them.
The first GTM scoping meeting was held on 29 June 2015, with scientists from about 20 (see list below) different academic, private, and governmental organisations attending and supporting the meeting organisation, and hence providing a relative broad global geographical coverage. More than 10 other organisations (see list below) that could not attend have expressed their interest to participate in GTM. Moreover, two other global models, the Global Earthquake Model (GEM) and the Global Volcano Model (GVM) provided presentations at the GTM meeting. It was agreed that collaboration between the three models would be of value, and that the borderlines should be discussed further. The purpose of the first scoping meeting was to discuss the scientific content of the GTM. The outcome of the meeting was that the GTM should provide a platform to address open issues and to merge the work done by the various organisations towards probabilistic tsunami hazard and risk. Moreover, GTM should provide not only tsunami hazard and risk maps on the global scale as a term of reference, but also provide tools, guidelines, and standards. To this end, the meeting concluded that the GTM should:
· Harmonize efforts and products
· Develop, test, and apply standardized and open source tools for hazard and risk analysis
· Develop guidelines and good practices, arrange training courses
· Integrate datasets from other providers
· Become a term of reference for regional efforts (standards)
· Investigate background and needs of potential users, improve communication of tsunami hazard and risk
· Validate the methods in order to improve our understanding of the risk drivers and uncertainties
The scientific topics of GTM should encompass the main emphasis, namely probabilistic tsunami hazard and risk. This would include topics such as the mechanics and probability of tsunami sources, both earthquakes (including ‘tsunami earthquakes’) and non-seismic sources (landslides and volcanoes), use of tsunami modelling in tsunami hazard and risk analysis, tsunami vulnerability and fragility, probabilistic tsunami hazard and risk framework, the treatment of uncertainties emerging both through data and expert judgement, practical feasibility of uncertainty coverage, as well as dissemination and geo-ethics of hazard and risk results and their use in practical applications. In the short term, it was proposed that the GTM should focus on the hazard part, through the probabilistic tsunami hazard assessment (PTHA) including the non-seismic sources, and emphasizing testing, validation and application of the proposed methods. Based on the quite broad interest apparent ahead of and after the first scoping meeting, it was decided to follow up with additional meetings to discuss also the organisational aspects of the GTM. It is likely that such a meeting will be held late fall / early winter 2015.
Institutions supporting the organization and/or attending the GTM scoping meeting, in alphabetical order: AECOM, AUTH, CEA, CIMNE, GA, GFZ, GNS, ICMMG, INGV, IPMA, IRIDES, ITB, KOERI, METU, MMAF, MRI/JMA, MSI, NGI, NOAA, NU, PARI, UC, UHAM, UMA, UNIBO, USC, USGS, UWA.
7.	DISCUSSION ON THE TASK TEAM OUTPUT
In line with the ToRs given the ask Team summarised its recommendations to TOWS WG and as follows:
· Databases exists that provide comprehensive list of tsunamis in the past,e.g.(i) NOAA/NCEI-WDS Integrated Tsunami Database; (ii) Russian Tsunami Catalogue (Russian Academy of Sciences); and (iii) The Euro-Mediterranean Tsunami Catalogue.
· Recent case studies have demonstrated complexity and variability, as well as importance of other types of tsunami sources (outer-rise) as demonstrated in Thorne Lay’s review. 
· “Tsunami earthquakes” can happen in any subduction zones (including in the NEAM and CARIBE regions. This is based on Emile Okal’s review on “tsunami earthquakes”, William Power’s study for New Zealand (see this report) and Gusiakov’s study for Russian far east coast.
· There are ongoing attempts such as the Global Earthquake Modelling project to estimate the maximum size, GEM list, Mmax max provides better guidance for tsunami threat assessment.
However, GEM does not include other sources than subduction-zone earthquakes. 
· Recent case studies have demonstrated complexity and variability, as well as importance of other types of tsunami sources and that earthquake generated Tsunamis can happen in any subduction zones.
· Ongoing attempts such as Global Earthquake Model project (GEM)can contribute guidance for tsunami threat assessments.
· Tsunami hazard assessment should include consideration of probability and uncertainty (including “tsunami earthquakes”). Probabilistic tsunami hazard (and risk) assessments, such as the ones foreseen by the proposed GTM initiative, is one way to do it.
· Closer interaction between scientists and disaster managers should be encouraged in order to develop integrated disaster risk reduction. (The following document may serve as a general reference for ICGs - Tsunami risk assessment and mitigation for the Indian Ocean Knowing your tsunami risk – and what to do about it; [IOC Manual and Guides 52; second edition, 2015]). 
Finally, the Task Team considers it has responded to the request given within the Terms of References. It recommends that the Task Team be dissolved.
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	TT-TWO
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	United Nations Office for the Coordination of Humanitarian Affairs 

	UN-WCDRR
	UN World Conference on Disaster Risk Reduction

	UPRM
	Puerto Rico Seismic Network 

	USAID/OFDA
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For more information: http://www.ioc-tsunami.org/
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