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Executive Summary

The Subcommittee on Disaster Reduction and the United States Group on Earth Observations of the National Science and Technology Council (NSTC) released a joint report in December 2005 titled Tsunami Risk Reduction for the United States: A Framework for Action (The Framework).  The Framework reinforced the message that successful development of tsunami-resilient communities depends on enhanced Federal, state, and local efforts.  The Framework acknowledged the National Tsunami Hazard Mitigation Program (NTHMP) as an effective organization necessary to execute the President’s tsunami initiative in the near-term.  The Framework also stressed that NTHMP needs to continue its on-going partnership to develop, coordinate, and sustain an effective and efficient tsunami risk reduction effort in the United States (U.S.)over the long-term.
In addition to the Framework, the Tsunami Warning and Education Act (P.L.109-424) was enacted on December 20, 2006.  Section 5 of the Act supports the requirement that NOAA, through the National Weather Service, conduct the NTHMP.  The Act stresses that the NTHMP shall be made up of representatives from Federal, State, local and tribal government officials.  The Act requires the NTHMP to:

· Use inundation models that meet a standard of accuracy defined by the Administration (NOAA) to improve the quality and extend of inundation mapping, including assessment of vulnerable inner coastal and nearshore areas..;
· Promote and improve community outreach and education networks and programs to ensure community readiness, including the development of comprehensive coastal risk and vulnerability assessment training and decision support tools..;
· Integrate tsunami preparedness and mitigation program into ongoing hazard warning and risk management activities..;

· Promote the adoption of tsunami warning and mitigation measures by Federal State, tribal, and local governments and nongovernmental entities.
The Framework stressed the development of tsunami-resilient communities depends upon enhanced Federal, State, and local capabilities in the following seven areas:  1) threat determination; 2) preparedness activities; 3) delivery of timely and effective warnings; 4) mitigation; 5) public outreach and education; 6) research; and 7) international coordination.  It also recommended nine specific actions for enhancing the U.S. tsunami resilience goals.  The actions are:

Threat determination
· Develop standardized and coordinated tsunami hazard and risk assessments for all coastal regions of the U.S. and its territories.

· Improve tsunami and seismic sensor data and infrastructure for better tsunami detection and warning.

Delivery of timely and effective warnings

· Enhance tsunami forecast and warning capability along our coastlines (Pacific, Atlantic, Caribbean, and Gulf of Mexico) by increasing the number of Deep-Ocean Assessment and Reporting of Tsunamis (DART) Stations, tide gauges, and seismic sensors feeding real-time data into on-line forecast models.

Preparedness activities

· Ensure interoperability between U.S. national tsunami system and other regional tsunami warning systems.

International Coordination

· Provide technical expertise and assistance, as appropriate, to facilitate development of international tsunami and multi-hazard warning systems, including for the Indian Ocean.

· Encourage data exchange and interoperability among all regional tsunami and all hazard warning systems, such as The Intergovernmental Oceanographic Sub-commission for the Caribbean (IOCARIBE).

Mitigation

· Promote development of model mitigation measures and encourage communities to adopt construction, critical facilities protection and land-use planning practices to reduce the impact of future tsunamis
.

Public Outreach and Education

· Increase outreach to all communities, including all demographics of the at-risk population, to raise awareness, improve preparedness, and encourage the development of tsunami response plans.

Research

· Conduct an annual review of the status of tsunami research and develop a strategic plan for tsunami research in the U.S.

The Implementation Plan contained within is the NTHMP’s high-level five-year strategy to meet the objectives contained within P.L. 109-424 Sec. 5 and the  recommendations outlined in the Framework.  This strategy builds upon the successes of the existing NTHMP partnership between the Federal, state, territorial, and commonwealth agencies.  The Implementation Plan lays out a framework for addressing the recommendations.  NTHMP is further developing individual plans to address each recommendation which will include a more detailed inventory of the necessary actions to achieve the goals outlined in the Framework.

NTHMP acknowledges the desired results of the Implementation Plan can not be achieved without increased program funding.   In addition, NTHMP must also state the implementation of the Framework recommendations will and must extend beyond a period of five-years in order to continue developing and sustaining tsunami-resiliency efforts for the U.S.  A report will be prepared on a bi-annual basis to provide a status of our efforts as well and to add/revise contributing activities.

Introduction
The NTHMP was formed in 1995 by Congressional action which directed the National Oceanic and Atmospheric Administration (NOAA) to form and lead a Federal/State working group.  The Congressional action was the result of recognition in 1990 of the tsunami threat to Oregon, Washington, and northern California from a magnitude 9 earthquake on the Cascadia subduction zone, the April 1992 earthquake and tsunami on the Cascadia subduction zone in northern California, and the loss of life and property Japan due to the1994 Hokkaido, Japan earthquake and tsunami.  These events, together with the historic Alaska tsunamis of 1946 and 1964, brought to light the general lack of tsunami preparedness and hazard assessment for the U.S. west coast and the need for significant improvement in tsunami detection and forecasting.  The 1995, NTHMP was  a partnership between NOAA, the United States Geological Survey (USGS), the Federal Emergency Management Agency (FEMA), the National Science Foundation (NSF), and the five Pacific states of Hawaii, Alaska, Oregon, Washington, and California.  In 2006, the NTHMP expanded to include the participation of 23 additional U.S. Coastal State, Territories, and Commonwealths.

Critical to past success of NTHMP was allowing State users to directly participate in an executive steering committee for the program.  The other key to success was allowing State partners the lead role in design and production of hazard mitigation and assessment products tailored to the needs of users.  These attributes will be maintained and enhanced in the new expanded NTHMP as called for in the Tsunami Warning and Education Act.  

The NTHMP is designed to reduce the impact of tsunamis through hazard assessment, warning guidance, and mitigation. NTHMP Hazard Assessment, through the Modeling and Mapping Subcommittee, works toward the production of tsunami inundation maps for use in community planning. The maps are based on numerical tsunami forecast models, standardized data archives, and the understanding of historical tsunami events.  Warning Guidance, through the NTHMP Warning Coordination Subcommittee, addresses improving tsunami warnings and associated information, seismic data acquisition and processing, and communications.  Mitigation, through the NTHMP Mitigation Subcommittee, works toward improving tsunami outreach activities, hazard mitigation planning, evacuation planning and exercises, educational material development, public education, tsunami workshops, land-use planning, and NOAA’s TsunamiReady Program.  These components of the NTHMP are a part of a strong and active partnership between Federal, state and territorial agencies, which enables all levels of government to quickly assess potential problems with the U.S. Tsunami Forecast System  while working towards giving the greatest benefit to tax payers and partners with the goal of saving lives of all U.S. citizens and visitors to our nation’s coastlines and reducing damage to property and the economy.    

The primary goals of the NTHMP are: 1) raising awareness of the affected population at risk; 2) developing integrated tsunami models that can be used to design effective warning guidance and evacuation maps; 3) improving tsunami forecast systems; 4) incorporating tsunami planning into Federal and State multi-hazard 
programs.   Because tsunami mitigation is applicable beyond tsunamis and is integral to the nation's overall effort to reduce coastal losses and improve resilience, the mitigation capability takes a multi-hazards physical, commercial and ecological approach that responds to socio-economic and disaster management priorities.  Tsunami mitigation should be integral to the nation’s overall effort to reduce losses of coastal regions and improve their overall resilience.
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Recommendation 1:  Develop Standardized and Coordinated Tsunami Hazard and Risk Assessment for all coastal regions of the United States and its territories.

NOAA is the lead agency for providing tsunami forecasts and warnings, but many other Federal, state, and local agencies have important roles in preparedness, response and recovery, and mitigation. Because of the large U.S. coastal area affected and the multiple responsible parties, it is imperative that the Federal, State, and local government officials understand the tsunami threat to its states and territories and identify which coastal areas face the greatest tsunami hazard. 

A complete tsunami risk assessment consists of a hazard assessment, exposure and vulnerability assessment
, and loss estimation. It is not yet possible to conduct a complete tsunami risk assessment for the entire U.S. Therefore, the first step toward a complete U.S. risk assessment is to develop an assessment of the tsunami hazard at the state level.

A complete tsunami hazard assessment requires the following key elements: collection, analysis and quality assurance of all data related to U.S. tsunami events; characterizing potential local and distant tsunami sources (including offshore earthquakes, submarine landslides, and oceanic volcanoes), estimating the frequency, severity and uncertainty of tsunami sources through detailed analysis of past events; acquisition, quality assurance, and archive of bathymetric and near-shore topographic data; developing of tsunami inundation forecast tools; and continuing inundation mapping 
and modeling of all U.S. coastal areas. 

A risk assessment can then be produced by combining the knowledge of the hazard with information on the coastal vulnerability information, including the population demography, construction, infrastructure, lifelines, economic activities, natural resources, and the level of local preparedness for such events.  These assessments are the fundamental starting point for government officials, emergency managers, private interests, and the general public to begin preparing community-specific plans to reduce vulnerabilities.

The initial task will be to begin to identify and assess the U.S. tsunami hazard at the national level.  This assessment will first examine the history of tsunamis in the U.S., including the written and instrumental record; second evaluate what is known about all types of tsunami sources and their potential to generate waves that could impact the U.S. coastal States, territories, and commonwealths including the effect of a tsunami on islands with and without coral reefs; and third provide a discussion of needed research on tsunami sources. 

The initial hazard assessment will also present examples of probabilistic tsunami hazard assessment and vulnerability assessment methodologies and their application to the town of Seaside, Oregon.  The general approach described in the Seaside, Oregon Tsunami Pilot Study Report is a valuable first step toward the development of  a complete tsunami risk assessment for all U.S. coastal areas.  However, a complete probabilistic assessment nation-wide is not possible at this time and is still considered a research project. 

A tsunami hazard exists for the Pacific, Atlantic, Caribbean, and Gulf coasts of the U.S.  The level of risk associated with this hazard is more advanced for the Pacific and Caribbean coasts, but is minimal for the other U.S. coasts.  Tsunami hazard assessments exist for many communities with substantial populations in California, Alaska, Hawaii, Oregon, and Washington.  These states are undertaking individual efforts to generate inundation maps that identify areas and depths of tsunami flooding or run up.  There are few tsunami hazard assessments for other U.S. coastal areas.
Actions are required at all levels of government to complete tsunami risk assessments for the U.S. coastal areas.  Tsunami risk assessments should utilize methodologies from other existing assessments (e.g., storms, flooding, earthquakes, volcanoes, tropical systems) because many of the data, effects, and mitigation activities are similar or could benefit from the synergies of an multi-hazard approach. These assessments should be cast in terms of “worst case scenarios” or “annual probabilities of occurrence” or both.  To avoid confusion, these assessments should take into account, if possible, the methodologies and terminologies used in the assessment of other natural hazards (e.g., the probabilistic approach used for seismic and flood hazard assessments) including loss estimation tools.

The following is a list of high level tasks that must be satisfied in order to develop both the initial tsunami hazard assessment and eventual tsunami risk assessment for the U.S.  (a more thorough list of tasks is in Appendix A).  The Chart includes information on the cost of the activity as well as its current funding status:
	TASK
	LEAD ORG
	CONTRIB ORG
	Total Cost
	FUNDING
	Expected Completion Date
	Status

	Produce 1st Edition of U.S. Hazard Assessment (assessment of historic and pre-historic tsunami sources for their potential to threaten U.S. Coastlines)
	NOAA
	USGS & NTHMP
	Unknown
	Y
	April 2007
	TBD

	Determine future methodology for a U.S.-wide Hazard Assessment including a prioritization of coastal communities for more detailed assessment
	NOAA
	NTHMP, Academia, industry, ports, local, state, and tribal governments, NSF, USGS, USACE, FEMA
	Unknown
	No Funding
	November 2007
	TBD

	Update existing Flood Insurance Rate Maps (FIRMs) to the new digital format for user overlay of  new tsunami inundation information
	FEMA
	NOAA, USGS,  Academia, industry, ports, local, state, and tribal governments, NSF, USACE
	$5.1M (per year for first five) Unknown cost for updating FIRMs
	No Funding
	2017
	TBD

	Produce tsunami inundation and evacuation  maps tailored to the needs of local users in the states and territories
	Affected state, territorial, and commonwealth agencies and individuals with statutory or de facto responsibility for tsunami hazard assessment
	NOAA-NGDC and NOS for bathymetry, digital terrain data, and archive of tsunami simulation and fault dislocation models plus inputs and outputs to models for individual mapping efforts.
	$5.1M (per year for first five years)
	No Funding
	2017
	TBD

	Based on the 1st Edition of the U.S. Tsunami Hazard Assessment produce probable maximum loss estimates for life and property to tsunamis for the U.S. coastal States

	NOAA
	NTHMP, Academia, industry, tribes, state and local governments, ports
	$0.28M (prelim)

$0.28M (update)
	No Funding
	December 2007 (prelim)

2012 (update)
	TBD

	Set priorities for detailed tsunami vulnerability assessments based on probable maximum loss estimates
	NTHMP
	NTHMP
	TBD
	No Funding
	December 2007
	TBD

	Produce HAZUS Module for tsunami risk assessment and loss estimation


	FEMA
	NTHMP
	$10M ($3.3M per year for three years)
	No Funding
	2011
	TBD

	Produce U.S. Tsunami Risk Assessment
	NOAA
	NTHMP
	$.3M
	No Funding
	2013
	TBD


Recommendation 2:  Improve tsunami and seismic sensor data and infrastructure for better tsunami detection and warnings

Tsunami detection and warning relies on detecting, locating, and analyzing earthquakes very fast. At the heart of the U.S. seismic detection system, are two large networks—the Advanced National Seismic Network (ANSS) which covers the 50 states and the Global Seismic Network which provides coverage of the rest of the world. These seismic stations, together with some additional seismic stations operated in Alaska and Hawaii by the Tsunami Warning Centers (TWCs), provide real-time data to computer analysis centers operated by the USGS, its university partners, and the TWCs.  The TWCs generate initial tsunami warnings solely based upon this seismic data.  Forecasts for areas distant from the local coastal source zones require data from deep ocean pressure sensors (DARTS), coastal sea level gages, and forecast models.  This recommendation focuses on improvements related to better seismic data and infrastructure

Beginning in 1997, the NTHMP funded  the selective upgrade of NOAA and USGS regional seismic networks in Washington, Oregon, northern California, Alaska, and Hawaii known as the Consolidated Reporting of Earthquakes and Tsunamis (CREST).  The Regional networks in Washington, Oregon, and northern California when combined with coverage from the Global Seismic Network, the US National Seismic Network (now part of ANSS) were brought up to a certain level sufficient for the TWCs to improve their tsunami warning functions.  The southern California networks were already of sufficient quality for the TWCs.  
The NTHMP and ANSS partially upgraded the Alaska Earthquake Information Center (AEIC) seismic network in Alaska
, and in 2004 the West Coast/Alaska Tsunami Warning Center (WC/ATWC) received funds from the National Weather Service (NWS) to upgrade its network in Alaska that provides necessary complementary data to the AEIC network.  The WC/ATWC upgrade is complete except for the installation of seven new sensors (which have been funded and ordered by the University of Alaska Tsunami Warning and Environmental Observatory for Alaska (TWEAK) program). The AEIC network combined with the NOAA network in Alaska will provide TWCs sufficient data with which to perform their mission in Alaska.  The Hawaii Volcanoes Observatory upgraded three of its sites on the Big Island of Hawaii as part of the NTHMP upgrade.  However, this upgrade did not bring seismic monitoring in Hawaii up to proper standards for tsunami warning response.  The Pacific Tsunami Warning Center (PTWC) has received funds from NOAA’s Tsunami Strengthening Program (TSP) to upgrade its network in Hawaii to a level sufficient to perform its mission in Hawaii.  

Eastern U.S. seismic monitoring is provided by the U.S. National Seismic Network (USNSN), the Global Seismic Network (GSN), and regional networks operated by various institutions, such as Boston College and Columbia University.  The Gulf of Mexico region is mainly monitored by both the USNSN and the GSN.  Network density is lower in the Gulf, which is commensurate with its threat level
.  Puerto Rico/U.S. Virgin Island (PR/VI) seismic networks are operated by the Puerto Rico Seismic Network (PRSN) and are being supplemented by a Caribbean-wide network of nine seismometers presently being installed by the USGS.  The PRSN network is supported by the government of Puerto Rico.  Both seismic network instrumentation and communication networks for the PR/VI require upgrades.  While the PRSN will be included in the CRESTnet upgrade described below, the PRSN seismic instrumentation should also be brought up to the CRESTnet project standards.

Although West Coast and Alaska networks now meet the current needs of the TWCs, they will need further improvements will be needed to take full advantage of warning capabilities currently under development. As noted in the Framework, “it is crucial to develop new analystical techniques for seismic signals that identify the tsunami potential of a nearby earthquake.” Studies are underway to provide “early warning”, rapid calculation of magnitude, and better length of rupture estimates. A pilot project has been proposed to the NTHMP for implementing such new analytical techniques in the Aleutian Islands (the most seismically active place in the U.S.). The Framework also identified that regional seismic networks monitoring Cascadia and Alaska will need to be “modernized” to provide these improved warning capabilities. 
The amount of funding allocated to the CRESTnet project under the first 10 years of the NTHMP was sufficient to purchase broadband sensors with a long period response only out to 40 sec.  Larger quakes generate significant energy at longer periods that these sensors cannot record. We propose replacing the 52 CRESTnet sensors with broadband sensors capable of recording signals with periods of 100+ sec so that the CREST networks can reliably and rapidly compute the magnitude of earthquakes above M7. In addition, most of the recording equipment at the remote sites will need to be replaced, as it is nearing the end of its useful service life.

The CRESTnet data transmission system is another aspect of the seismic network which must be upgraded.  CRESTnet is a private network of point-to-point, leased line connections installed in 1997, and has proven to be very reliable over the years.  However, it is band-limited and difficult to expand to new sites due to leased line expenses.  NOAA and USGS are currently examining ways to upgrade CRESTnet to remove the bandwidth limitations and accommodate additional new sites.  

As part of completing the ANSS in Cascadia, key Plate Boundary Observatory (PBO) Global Positioning System (GPS) sites should be made permanent and their data streams incorporated into regional seismic network and TWC operations. These GPS sites could provide rapid, real-time measurements of coastal displacement during the rupture of a potentially tsunamagenic local earthquake, and therefore improve initial tsunami forecasts from the TWCs. The PBO sites are currently being installed, but lack real-time telemetry needed to incorporate their data into tsunami forecasting.

In addition to seismic and GPS data, other tsunami warning system (TWS) requirements are constantly under scrutiny so that new data sources and needs for expanded coverage of existing data sources are kept up-to-date.  A recent Tsunami Research Workshop sponsored by NOAA and the National Science Foundation (NSF) in July 2006, examined these needs.  The TWS can evolve into a faster and more accurate system so long as new techniques and data sources are incorporated into the system.  The ANSS routinely computes derived seismological products that can help discriminate whether a quake is likely to be tsunamigenic (mechanism and depth) and its rupture direction and length (hypocenter, ShakeMap, and finite fault). USGS and NOAA will collaborate to hone existing ANSS derived products and accelerate efforts to integrate ANSS derived products that are useful in the operations of TWCs. 

The following is a list of tasks to complete this action:
	Task
	OUTCOME
	LEAD ORG
	CONTRIB ORG
	Cost
	FUNDING
	Expected Completion Date
	Status

	Task
	OUTCOME
	LEAD ORG
	CONT ORG
	Cost
	FUNDING
	Expected Completion Date
	Status

	Complete WC/ATWC seismic network upgrade in Alaska
	Seismic network capable of supporting the TWC mission
	NOAA
	U of AK
	$120K per annum
	Univ of AK Fairbanks (UAF) TWEAK  program, NOAA Tsunami Program
	Summer 2007
	On Track

	Upgrade Pacific Tsunami Warning Center seismic network in Hawaii
	Seismic network capable of supporting the TWC mission
	NOAA
	USGS
	$150K per annum
	Y

(Tsunami Strengthening Project, NOAA’s Tsunami Program)
	10/2008
	On Track

	Complete Installations of additional Seismic Sensors in the Caribbean
	Seismic network capable of supporting the TWC mission
	USGS
	
	$2.7M
	Y

(Tsunami Strengthening Project, NOAA’s Tsunami Program)
	10/2007
	On Track

	Replace 52 existing CREST seismic sensors and recording systems
	Seismic network capable of supporting the TWC mission
	USGS/NTHMP
	Regional networks
	$1M
	NTHMP?
	10/2010
	Not funded

	Add selected PBO GPS stations to regional seismic networks
	Improvements to TWC initial tsunami estimates for Cascadia 
	USGS/NSF
	Regional networks
	$300K?
	USGS?

NSF??

NOAA?
	10/2008
	Not funded

	Review new types of observational data
 which could provide improved critical data to the Tsunami Warning Centers
	The Tsunami Warning System will continue to maintain state-of-the-art systems to provide the best service possible
	NOAA (PMEL)
	NOAA (TWCs, NOS, NDBC), USGS and NSF
	Need $s
	Y

( NOAA’s Tsunami Program)
	No Completion Date/On-Going
	On-Going

	Upgrade CRESTnet with higher bandwidth telemetry 
	More seismic waveform data transmitted to TWCs
	USGS
	Univ of WA (UW), UAF, USGS (NCSN, HVO, NEIC), Canada, PRSN
	Approx. $90K/year
	Unknown
	
	Proposed

	Upgrade PRSN seismic network 
	Seismic network capable of supporting the TWC mission
	PRSN
	USGS, NOAA
	Approx. $500K
	Unknown
	
	Proposed


	Modernization of PRSN seismic network 
	Seismic network supporting the TWC mission
	PRSN
	USGS, NOAA
	Approx. $500K
	N
	
	

	Modernization of Alaska seismic network
	Seismic network supporting the TWC mission
	AEIC
	
	$500K/year
	N (USGS)
	
	

	Modernization of Cascadia and HI seismic networks
	Seismic network supporting the TWC mission
	USGS
	UW, UO
	$500K/year
	N (USGS)
	
	

	Operations and Maintenance of  NTHMP seismic networks, 
	Reliable and sustained operations of contributing seismic networks
	USGS
	UAF, UW, UO, USGS (NCSN, HVO)
	Approx $1M/year
	Partially funded at $600K by NTHMP
	Ongoing
	Proposed


Recommendation 3:  Enhance tsunami forecast and warning capability along U.S. coastlines (Pacific, Atlantic, Caribbean, and Gulf of Mexico) by increasing the number of Deep-ocean Assessment and Reporting of Tsunamis (DART) Stations, tide gauges, and seismic sensors feeding real-time data into on-line forecast models
NOAA has a long history of tsunami research and warning operations.  NOAA first began exploring the development of a tsunami warning system in 1946, when a tsunami originating in the Aleutian Islands struck Hawaii, killing more than 150 people. The December 2004 Boxing Day tsunami in Indonesia is another historic event that accelerated NOAA’s efforts to increase its tsunami research program and operational capabilities. 
Since December 2004, NOAA has developed tsunami models for at risk communities, staffed its warning centers around the clock, expanded the warning coverage area, deployed additional DART stations, installed sea-level gauges, and expanded community education through the TsunamiReady program.
NOAA’s NWS’ two tsunami warning centers are now staffed 24 hours a day, 7 days a week. The centers are responsible for issuing tsunami advisories, watches, warnings, and information messages to emergency management officials and the public in the U.S. and around the world through partner organizations. Warnings are broadcast through NOAA Weather Radio-All Hazards, NOAA Weather Wire, the Emergency Alert System, the Emergency Managers Weather Information Network, the DHS/FEMA National Warning Network (NAWAS), and other means.

Information on tsunami threats is now provided beyond the Pacific Ocean. With an enhanced communications network, NOAA’s NWS’ TWCs are now capable of alerting the U.S. Atlantic Coast, Gulf of Mexico, Puerto Rico, the U.S. Virgin Islands, Eastern Canada, the Indian Ocean nations, and the wider Caribbean region.  Prior to December 2004, no formal warning system existed for these areas. 
NOAA Research is developing new tsunami forecast models for U.S. coastal communities which will implemented into operations over the next two years at the tsunami warning centers.  In many areas, the bathymetric grids developed for the forecast models can also be used to help develop inundation and evacuation maps for use by local emergency management.
DART stations provide real-time tsunami detection as waves travel across the open ocean. In early April 2005, NOAA launched the first DART station in the Atlantic. The current network consists of 14 DART stations in the Pacific and five in the Atlantic/Caribbean. All newly installed stations are the more robust DART-II platforms with advanced two-way satellite communication
NOS has installed 15 new sea level gages and upgraded many others so that data are quickly transmitted to TWCs.  These data are critical to determine a tsunami’s threat.

Finally, the quality and accuracy of the long-term archive of tsunami events has improved. NOAA’s National Environmental Satellite and Information Service (NESDIS) global database includes information on nearly 2,000 tsunamis from 2000 B.C. to the present.  This database is used to identify regions at risk, validate tsunami models, help position detection sensors, and prepare for future events. NOAA has quality assured/quality controlled data for 100 percent of the tsunamis that have impacted U.S. coasts and 90 percent of the most deadly global tsunamis. This archiving work entails identifying and documenting: tsunami sources; the date, time, and magnitude of earthquakes; maximum water heights; deaths; and damage. 

The following is a list of high-level tasks to address the enhancement of tsunami forecast and warning capacity along U.S. coastlines.  These tasks exclude the improvements to the U.S. Seismic Network addressed in response to Recommendation #2.  A more thorough listing of these tasks is in Appendix B:
	TASK
	OUTCOME
	LEAD ORG
	CONT ORG
	Cost
	FUNDING
	Expected Completion Date
	Status

	Deploy 33 new DART Stations (7 Atlantic/Caribbean and 26 Pacific) to supplement the original DART network of 6 DARTs.  End State of the U.S. DART Ntwk to = 39 DARTs.
	DART network sufficient to reduce false alarms and improve forecasts
	NOAA (PMEL)
	NOAA (TWCs and NDBC)
	$15.1M (FY07) and $14.1 (every year there after)
	Y

(Tsunami Strengthening Project, NOAA’s Tsunami Program)
	Spring 2008; then O&M
	25 Stations currently deployed ( current ntwk = 31); On track for remaining deployments 

	Upgrade 33 sea-level stations (NWLON)
	Network sufficient to provide TWCs enough data to determine threat from events near US coastlines quickly
	NOAA (NOS)


	NOAA (TWCs)
	$0.528M per annum (O&M)
	Y

(Tsunami Strengthening Project,
NOAA’s Tsunami Program)
	09/2006
	Complete

	Install 16 new sea-level Stations (NWLON) sites
	Network sufficient to provide TWCs enough data to determine threat from events near US coastlines quickly
	NOAA (NOS)
	NOAA (TWCs)
	$0.272M per annum (O&M)
	Y

(Tsunami Strengthening Project,
NOAA’s Tsunami Program)
	09/2007
	15 installed; 1 delayed due to land-use issue.  Expect to complete by FY07.

	Tsunami Warning Centers Staffed 24/7
	Ensure 24/7 Operations at the Nation’s 2 TWCs
	NOAA (TWCs)
	N/A
	$4.5M
	Y

(Tsunami Strengthening Project, NOAA’s Tsunami Program)
	04/2006
	Complete

	Acquire bathymetric data and develop grids for all tsuami threatened communities
	Data available for State Mappers for at-risk communities
	NOAA (NOS)
	NOAA (NGDC)
	TBD
	N
	
	On-Going

	Acquire accurate topographical data, including data on the inter-tidal zone correction, for all tsunami threatened communities
	Data available for State Mappers for at-risk communities
	NOAA (NGDC)
	NOAA (NOS) and USGS
	TBD
	N
	
	On-Gong

	Complete all inundation maps
	Inundation maps for all U.S. at-risk communities
	NTHMP
	NOAA, USGS, State partners, 
	?
	Partial

(Tsunami Strengthening Project, NOAA’s Tsunami Program)
	TBD
	TBD

	Complete all forecast models
	TWCs capable of providing accurate coastal wave height predictions and inundation forecasts
	NOAA (PMEL)
	NOAA (TWCs & NGDC)
	?
	Partial

(Tsunami Strengthening Project,, NOAA’s Tsunami Program)
	TBD
	TBD

	Expand Dissemination Systems such as EMWIN and incorporate their use into alert and  notification systems (include multi-lingual capabilities)
	Coastal Emergency Management is capable of responding to tsunami warnings and properly performing their response  duties.
	NOAA (NWS Warning Coordination Meteorologists)
	State partners, NOAA (TWCs), FEMA, USGS
	?
	NOAA
 (Tsunami Strengthening Project, NOAA’s Tsunami Program), NWS 

and NTHMP, 
	TBD
	TBD

	Review sea level coverage to verify sufficient coverage for forecast model input and quick verification during events
	The Tsunami Warning System will continue to maintain state-of-the-art systems to provide the best service possible
	NOAA (TWCs)
	NOAA (PMEL, NOS, NDBC), USGS and NSF
	Need $s
	Y

( NOAA’s Tsunami Program)
	No Completion Date/On-Going
	On-Going


Recommendation 4:  Ensure interoperability between the U.S. national system and other regional tsunami warning systems.

The U.S. Government works through the United Nations Educational, Scientific, and Cultural Organization's (UNESCO) Intergovernmental Oceanographic Commission (IOC) in partnership with other intergovernmental organizations to provide operational and technical input, especially the World Meteorological Organization (WMO) and Joint Commission on Marine Meteorology (JCOMM), to ensure interoperability across national and regional tsunami warning systems.  NOAA and USGS are the two leading U.S. technical agencies supporting the coordinating activities of the UNESCO IOC and other national, regional, and international initiatives to realize effective warning and mitigation systems for natural hazards as an integral part of a multi-hazard approach supported by the Global Earth Observing System of Systems (GEOSS).  This effort is an integral part of a multi-hazard approval supported by the Global Earth Observing System of Systems (GEOSS).  

The global tsunami warning and mitigation system is being built from many existing and new national and regional systems and initiatives.  U.S. technical agencies are ensuring interoperability and compatibility by developing standards and protocols, identifying and strengthening existing capacities, defining the components contributing to the GEOSS/IOC design for an end-to-end multi-hazard system.  This includes converging or harmonizing observation and communication methods and promoting interoperability arrangements including data management. This is further discussed in our Recommendation 6 response. 

The tsunami warning system, in relation to GEOSS, 
will operate with multiple observation and communication networks and warning centers having adjacent or overlapping/redundant areas of responsibility and simultaneous responsibilities for the same tsunami or related hazards.  U.S. activities defining and updating interoperability standards include promoting technical specifications for collecting, processing, storing, and disseminating shared data, metadata and warning products.  The desired outcome is access to and utilization of data and information to guide integrated risk management and decision-making.  Data and information disseminated from multiple centers during hazard events must be coordinated in a prescribed form and content to avoid confusion or inaction that could in some circumstances result in the unnecessary loss of life or economic cost.  

Although the U.S. national system and each regional warning and mitigation system 
personnel may have unique responsibilities and challenges, they also have many similarities.  By sharing best practices and developing guidance documents and frameworks for interoperability, U.S. agencies are catalyzing common concepts of operation.  This will allow other groups/countries/organizations to efficiently and effectively exchange data, methodologies, technologies, and procedures with each other as well as with their partners, and provide backup services for each other, thereby enhancing reliability and sustainability. It is for these reasons the U.S. is actively promoting interoperability between the U.S national system and other regional systems.  

The requirements of a tsunami warning system are instantaneous measurements and data transfer, and direct and reliable dissemination of warning products to a well defined community.  In order to ensure interoperability among systems, specific parameters, products, priorities, goals and objectives have to be defined.  This includes the identification of issues and commonalities across the regional systems.  IOC intergovernmental working groups are currently in the process of drafting action plans and a global framework concept that will assist regional systems to establish common data and warning standards, best practices, and dissemination methods.  The global framework will identify the underlying synergies such as staffing, telecommunications, observational networks and platforms, recipient focal points, operational coverage and maintenance, outreach and education.   System evolution lends itself to a durable and sustainable “people-centric” solution by developing and following a global framework that is not compartmentalized but is based on interoperability, standards, and a multi-hazard approach.

The following is a list of high level tasks that must be satisfied in order to ensure interoperability between the U.S system and other regional warning systems.  The Chart includes information on activity cost as well as current funding status:

	TASK
	LEAD ORG
	CONTRIB
 ORG
	Total Cost
	FUNDING
	Expected Completion Date
	Status

	Contribute technical and policy support to related Work Tasks of the Group on Earth Observations
	NOAA, USGS
	NOAA, USGS

IOC
	$50K
	None
	2009
	Completing first year

	Complete Global Framework for IOC Global Ocean and Other Related Hazards Early Warning and Mitigation System 
	NOAA
	IOC-ICGs, WMO-DPM/CBS, IGOS, JCOMM, ISDR 
	$10K
	None
	2007
	

	Promote the cooperation of national and regional systems and centers on data standards, formats, and protocols  for tsunami products

	IOC-ICGs, NOAA
	NOAA
	
	None
	2007
	

	Establish NOAA’s International Tsunami Information Center as an IOC Program Office working with intergovernmental organizations to harmonize communications, data networks, data acquisition, and information dissemination
	NOAA-NWS, USAID/OFDA
	ISDR, WMO
	
	
	2007
	Under review

	Facilitate improvements of capabilities for interoperable systems by developing and training Regional Tsunami Watch/Warning Staff
	NOAA

IOC/ITIC
	USAID
	
	
	
	


Recommendation 5:  Provide technical expertise and assistance, as appropriate, to facilitate development of international tsunami and all-hazard warning systems, including for the Indian Ocean
.

The NTHMP  is in a unique position to provide technical expertise and assistance to facilitate the development of international tsunami and multi-hazard warning systems as a contribution to the global all-hazard warning system of the GEOSS.  


U.S. Federal agency members of the U.S. Group on Earth Observations (USGEO) and the Subcommittee for Disaster Reduction (SDR) are providing technical support and building capacity to establish multi-hazard warning systems and share best practices that meet international and national multi-sector requirements for integrated risk management.  This includes establishing a real-time, comprehensive, interoperable, and sustainable observational system reducing tsunami and related coastal ocean hazard risks in all ocean basins and other natural disasters within the context of GEOSS, in support of the Hyogo Framework for Action and activities of the International Strategy for Disaster Reduction (ISDR) partners, and through the Intergovernmental Coordination Groups of UNESCO/IOC.

NOAA is continuing to assist the IOC, WMO, and other ISDR partners in developing assessment criteria and conducting assessments to identify the requirements for developing and sustaining a nation’s capabilities for detecting, forecasting, warning, and mitigating risk from natural hazards. This effort includes identifying emergency response capabilities in the areas of staffing, equipment, and telecommunications and the development of standard operating procedures. These assessments are not only important technically for determining national and regional requirements but they help guide the development and improvement of U.S. multi-hazard efforts.  They are also important as guides for nations in determining potential donor investments.

The NWS PTWC and WC/ATWC are providing for the interim notifications and other tsunami relevant information and products for areas where a regional warning system is being established,.  This effort builds on The Framework where NOAA and its partners (USGS, USFS, U.S. Trade Administration (USTRA) and U.S. Agency for International Development (USAID)) offer unique capabilities and expertise or share strengths.  In particular, new international capabilities developed in 2005-2007 under Supplemental Funding to Develop Tsunami Warning and Response System for the Indian Ocean are, in the out years, to be strengthened, integrated and sustained within the GEOSS framework.

The assistance effort includes a proposed tsunami training capability to educate nations on developing tsunami resilient communities. Modeled after the US NTHMP, the training consists of tsunami hazard assessment methodologies, tsunami warning technologies, and response, preparedness, and mitigation programs in a continuing education setting at a major university.  

The following is a list of high level tasks that must be satisfied in order to provide technical expertise and assistance to facilitate the development of international tsunami and all-hazard warning systems.  The Chart includes information activity cost as well as current funding status:

	TASK
	LEAD ORG
	CONTRIB
 ORG
	Total Cost
	FUNDING
	Expected Completion Date
	Status

	Support  Tasks of GEOSS 


	NOAA, USGS
	NOAA, USGS

IOC
	$50K
	Y
	2009
	Completing first year

	Complete Framework for IOC Global Ocean and Other Related Hazards Early Warning and Mitigation System 
	NOAA
	IOC-ICGs, WMO-DPM/CBS, IGOS, JCOMM, ISDR 
	$10K
	None
	2007
	

	Strengthen support for interim tsunami warnings and products for Indian Ocean, Caribbean and Pacific
	NOAA-NWS
	PMEL
	$350,000
	
	
	On-going

	Develop Tsunami Institute and Outreach Program
	NTHMP
	NOAA, University of Washington, US AID
	
	TBD
	First course 2007
	


Recommendation 6:  Encourage data exchange and interoperability among all regional tsunami and all-hazard warning systems, such as The Intergovernmental Oceanographic sub-commission for the Caribbean (IOCARIBE).

Tsunami warning systems protect life and property from the tsunami hazard by providing timely, accurate, reliable, and effective tsunami products to coastal populations and emergency management officials within the area-of-responsibility, as well as by advancing other aspects of tsunami hazard mitigation. The primary operational objectives of a tsunami warning system are to rapidly locate, size, and otherwise characterize major earthquakes, determine their tsunamigenic potential, predict tsunami arrival times, predict coastal run-up when possible, and disseminate appropriate warning and informational products based on this information.  Therefore, interoperability among warning systems requires coordination and collaboration in data acquisition and procedures for determining tsunamigenic potential, predicting arrival times, and predicting coastal runup as well as coordination in the type of products issued and distribution method.  The requirement for data acquisition and exchange was also identified at the first session (January, 2006) of the Intergovernmental Coordination Group for the Tsunami and other Coastal Hazards Warning System for the Caribbean Sea and Adjacent Regions.
NOAA relies on real-time access to global data including seismic, DART, and coastal water level (tide gauge) data to provide tsunami forecasts and warnings. Tsunami history and pre-event modeling are taken into account when determining the extent of danger and potential impact, requiring exchange and coordination of past event data worldwide.  For improved tsunami forecast modeling, NOAA relies on timely, though not real-time, exchange of past event data including instrumental and observational wave height, travel time, coastal impact data and imagery, survey reports, deep-ocean bathymetry, and near-shore relief data.
NOAA’s NDBC operates the real-time DART data center.  The Center for Operational Oceanographic Products and Services (CO-OPS) operates NOAA’s real-time coastal water level data center.  NOAA’s NGDC and co-located World Data Centers (WDC) operates the Tsunami Long-term Data Archive, providing safe archive of and access to retrospective research quality data from DART, coastal water level, deep-ocean bathymetry, near-shore relief, digital elevation models, and the Global Historic Tsunami Database.

Free and open access to data is essential for forecasts, warnings, research and inundation models, as well as hazard mitigation and resilient community efforts.  The diversity of data formats, management systems, analysis packages, models, and visualization tools complicate the processing, management, and accessibility of tsunami-related data.  This diversity limits the multiple re-use of data and reduces access to the data, making it labor intensive to generate knowledge of marine processes and risks associated with the marine environment.  A common data framework is needed to enable integration as an essential component of building knowledge of the marine environment.  MarineXML is one initiative, under the governance of UNESCO IOC’s International Oceanographic Data and Information Exchange (IOC/IODE) program, to improve marine data exchange within the marine community.  NOAA already adheres to the Federal Geographic Data Committee (FGDC) metadata standard and is working to support the rich content of the International Organization for Standardization (ISO) metadata standard 19115.

NOAA’s NGDC operates the WDCs for Solid Earth Geophysics (including tsunami) and for Marine Geology and Geophysics.  The International Council for Science established the WDC System in 1957 to guarantee access to data and serve the global scientific community by assembling, scrutinizing, organizing, and disseminating data and information.  NGDC also operates a global digital bathymetric databank on behalf of the member countries of the International Hydrographic Organization (IHO).  NGDC maintains inventories, checks data quality and completeness of metadata, and collaborates internationally on data exchange formats and standards.  NGDC is also an active member of the General Bathymetric Chart of the Oceans, operating under the auspices of the IHO and the IOC.  These efforts support improved data interoperability through standards-based free and open exchange of data, metadata, and products in a manner consistent with GEOSS and the IOOS.  

The following is a list of high level tasks that must be undertaken to ensure free and open access, both in real-time and retrospectively for research and hazard mitigation.  The Chart includes information on the cost of the activity as well as its current funding status:
	TASK
	LEAD ORG
	CONTRIB ORG
	Total Cost
	FUNDING
	Expected Completion Date
	Status

	Develop a robust document for delivering accurate tsunami data rapidly to TWCs and to other NOAA offices and the public
	NOAA
	Incorporated Reaseach Institutes for Seismology, Global Sea Level Observing System, & NTHMP
	Unknown
	No Direct Funding 
	February 2007
	TBD

	Work with oceanographic community to establish marine metadata and data XML exchange standards

	International Oceanographic Data and Information Exchange Committee of the IOC
	Numerous, including IOOS and NOAA
	Unknown
	Unknown
	Unknown
	Draft under review

	Provide access to archived NOAA tsunami data through integrated tsunami hazards Web Map Feature (WMF) server utilizing standard data formats and standard metadata
	NOAA
	NOAA, GLOSS, ITIC, IRIS
	Unknown
	$0.07M (FY07)
	2008
	Under development


Recommendation 7: Promote development of model mitigation measures and encourage communities to adopt construction, critical facilities, and land-use planning practices to reduce the impact of future tsunamis

The lives and property of US coastal residents are at risk from tsunami flooding and resulting impact. It is imperative to reduce or minimize these potential losses.  In some areas like the Pacific Northwest and Alaska local tsunamis generated by regional subduction zone faults, landslides or volcanoes can produce tsunamis as large as the December 26, 2004 Sumatra tsunami event.  The only effective way to reduce loss of potentially thousands of lives to these events is through local emergency and mitigation planning, preparedness, education, and outreach, since the national warning system will likely not have insufficient time to operate before a local tsunami strikes local coastlines.  Education, planning, preparedness, and outreach are also essential for effective use by the public of the national warning system in the event of a threat from distant tsunami.  Long-term, losses must be reduced by mitigation measures like wise land-use planning decisions and improved building codes
.
Current Capabilities 

All of the Pacific States and Puerto Rico are working on telecommunications and warning system infrastructure, emphasizing interoperability with the Federal system with the federal system so credible warnings can be issued for distant tsunami.  
Historically, the largest loss of lives and property world wide are from locally generated tsunami.  States with credible threats for a  local tsunami from submarine landslides and subduction zone faults, Hawaii, Alaska, northern California, Oregon, and Washington, are actively working to create a “culture of preparedness and rapid response,” so their citizens instinctively evacuate when there is sudden change in sea level or the ground shakes.  Puerto Rico, Guam, and American Samoa face similar threats from tsunamis to their coastlines and are actively cultivating a culture of preparedness as well.
The NOAA NWS is working with communities and State emergency managers through the TsunamiReady program to achieve a minimal level of awareness, preparedness and mitigation planning for threatened US communities.  Hawaii, Oregon, Washington, California, Alaska, and Puerto Rico have active public outreach and education programs aimed at providing evacuation map brochures, evacuation and educational signage, public school curricula, presentations, media events, and a variety of other outreach activities aimed at raising awareness and empowering local communities to plan and prepare.  
FEMA supports tsunami planning and projects in eligible coastal communities through various mitigation programs including the Pre-Disaster Mitigation Competitive Grants Program, the post-disaster Hazard Mitigation Grant Program, the National Flood Insurance Program (NFIP), and the National Hazards Reduction Program (NEHRP).  Under the NFIP, the Community Rating System (CRS) credits various types of mitigation activities, including several different types of tsunami mitigation activities, in a scoring system that can reduce the insurance premiums for citizens in those communities.  FEMA is also currently leading a multi-State NTHMP project aimed at providing tsunami refuge shelter construction guidance for vertical evacuation in tsunami-threatened. This project is jointly funded by NOAA under the NTHMP and FEMA under the NEHRP.  
The State of Oregon led a multi-state NTHMP project aimed at demonstrating what educational techniques are most effective at raising awareness.  This project, using surveys to measure performance, concluded that neighborhood educators going door-to-door were most effective followed by evacuation exercises.  Media coverage of evacuation exercises and workshops are also essential for raising general awareness.  The Oregon legislature in 1995 passed Senate Bill 379 limiting new construction of critical and essential facilities in an official tsunami inundation zone.  This, together with a companion bill mandating tsunami evacuation drills in schools, has been highly effective in achieving long-term mitigation.   The State of California led a multi-State NTHMP project aimed at providing draft tsunami hazard risk mitigation land use planning guidelines.  The Washington State Department of Natural Resources freely distributes the NTHMP-supported newsletter TsuInfo Alert that provides valuable information on hazard assessment and risk mitigation methods.

Work to be performed
Utilizing education, regulation, and better construction practices to reduce loss of life and property for all at-risk U.S. communities is an important aspect for the program’s future.  The initial priorities for these mitigation efforts by NTHMP will be set by a preliminary national risk assessment and input from the State members of the NTHMP.  Priorities will be adjusted annually by the NTHMP, as additional risk data are gathered (see the hazard and risk assessment sections).  Highest priority is saving lives; secondary priority is reducing property losses; and a third priority is knowledge based mitigation planning for the future.  Since all mitigation is ultimately local, local community efforts take precedence over other efforts.  The 2004 Sumatra tsunami and other historic events clearly demonstrate that local tsunami have the greatest potential to kill thousands, so mitigation in areas threatened by local sources will take precedence over areas threatened only by distant sources.

The following table highlights some of the activities that need to be accomplished in order to meet this recommendation.  More detail on these activities is provided in Appendix C:

	TASK
	OUTCOME
	LEAD ORG
	CONTRIB ORG
	Cost
	Funding
Available
	Expected Completion Date
	Status

	Implement neighborhood educator programs for U.S. communities most threatened by local tsunami sources
	Achieve a culture of preparedness and response to tsunami
	States
	FEMA, NOAA
	$30M
	N
	2012
	TBD

	Empower States and local communities threatened by tsunami, to meet TsunamiReady Recognition criteria
	A more effective strategy for mitigation activities built on education, successes, and new lessons
	States
	NOAA and FEMA
	$23M
	N
	2012
	TBD

	Develop and promote implementation of model planning, outreach methods, regulatory ordinances, and building codes in order to achieve long-term hazard mitigation.
	Reduction of loss of life as a survival option in low-lying communities with no other safe evacuation options
	FEMA/State Members
	NTHMP, NOAA (TsunamiReady)
	$1.7M
	N
	2012
	TBD

	Catalogue statewide coastal critical infrastructure at-risk to tsunami
	Improved knowledge of tsunami risk and impacts
	States
	 
	$3M
	N
	2012
	TBD

	Provide Biennial assessments of U.S. Progress toward the Implementation of the tasks listed in this section
	
	NOAA
	NTHMP
	$350K
	N
	2008
2010

2012
	TBD

	Archive and distribute, through a website, educational and material products produced through NTHMP support
	
	NOAA
	NTHMP and FEMA
	$750K
	N
	2012
	TBD


Should we add something about partnering with natural resource agencies to mitigate risks to natural resources or by using natural resources (i.e, the much reported role of mangroves and corals to reduce tsunami damage)?  Probably could include Ag Dept, NOS, NMFS, EPA, USCG, Navy, FEMA states. Lots of tasks here: inventory resources (some of this is done for oil spills already), response equipment (oil spill, marine debris divers and equipment, toxic chemical, military weapons, endangered species stranding teams); consider these issues in infrastructure siting discussions, look at risks to farms, ranches. Some may also be available from or overlap with FEMA in general format 
Recommendation 8: Increase outreach to all communities, including all demographics of the at-risk population, to raise awareness, improve preparedness, and encourage the development of tsunami response plans
In all coastal areas threatened by tsunamis there should be risk communication, education and training programs focusing on the immediate and long-term actions that can be taken to save lives and property.  Since many coastal areas attract vacationers, public education efforts must also include visitors, some of whom may face language barriers.  This threat to travelers or tourists was demonstrated in the December 26, 2004 Sumatra event in which approximately 3,000 foreigners, mainly tourists to Thailand’s coastal resorts were killed. Enhancement of the TsunamiReady Program’s support to local stakeholders will greatly assist States with enhancing community awareness and preparation.  Outreach to involve economic development experts may result in commitment to more controversial mitigation measures if they demonstrate a community economic benefit.   Outreach to all levels of schools including college reinforces a learned response, educates the next generation of decision makers, and is a natural way to involve parents in tsunami education.

Work currently being performed

The original five member States have developed State Tsunami Programs under the NTHMP using the Strategic Plan for Mitigation Projects.  This included working with communities to increase awareness by informing local government officials, students, residents and visitors of the hazard, demonstrating how to prepare, mitigate, and respond using tools they developed such as evacuation map brochures, media events, videos, hazard signage, and school curriculum.  They also use an Activities Matrix
 as a strategic approach to identify product gaps and prioritize activities.  States also coordinate with the TsunamiReady Program to improve local warning capability and develop a foundation for communities to work towards becoming tsunami resilient.  The TsunamiReady Program works toward strengthening local warning delivery and recognizes participating communities. Focused survey results have shown the understanding of risk and warning procedures by local responders in several communities is greatly increased because of these efforts.  Since 2000, Puerto Rico has run a similar tsunami mitigation program that transferred and adapted many of the original NTHMP States activities for its own use.  The Mitigation Subcommittee expanded in 2006 to include NWS Warning Coordination Meteorologists and an additional State and Territorial emergency managers and geoscientists from 23 new NTHMP States, Territories and Commonwealths.  Federal tsunami modeling results are converted into tsunami inundation and evacuation maps by State geoscientists working collaboratively with State and local emergency managers.  The meaning of the maps and actions required by the community are then identified on evacuation maps and tsunami signage installed for rapid evacuation.  These efforts are essential for successful community exercises and school drills. Social science surveys are used to identify risk communication and public education shortfalls within at-risk tsunami communities.  Several Federal, state and local Cascadia Earthquake and Tsunami response exercises have occurred.  The FEMA-funded multi-state/province earthquake consortia, Cascadia Region Earthquake Workgroup (CREW), will produce a document on catastrophic response exercise lessons learned.  FEMA is interested in addressing a higher level catastrophic Cascadia Earthquake and Tsunami response exercise.

Work to be performed during the next 5 years  

State NTHMP members will use the Activities Matrixes and will choose priority activities to help address their program needs and goals suggested in the Mitigation Project Strategic Plan.  Mitigation Subcommittee membership will maintain and continue to share new and existing products and activities to assist State and local emergency managers’, local officials’ and warning coordinator meteorologist’s needs by;  

· working collaboratively to merge common goals of the Strategic Plan for Mitigation Projects and the TsunamiReady Program toward teaching target audiences how to use mitigation, preparedness and response products, 

· identifying best practices and products (such as editable brochure templates) to disseminate throughout the expanded program.  Best practices and products will be placed in a national repository for sharing among national and international partners.  This will allow easy local audience tailoring while ensuring continuity,

· developing new products and partners to fill gaps based on a strategic priority,
· involving social science experts in message and product development and measurement of effective behavior change as recommended by international experts during the 2001 NTHMP 5-Year Program Review.  The social science aspect should coordinate with the State mitigation and outreach and NOAA research components of this plan.  Recommendations are being identified to drive social science research),  

· emphasizing more tourism industry and non-English audience outreach by seeking assistance to develop easily understood multi-language messages and signs.

In summary, agencies and organizations with well established plans for disaster warning and response, training and education programs, and designated emergency functions are generally better able to manage earthquake and tsunami hazards than those with week or non-existent plans and programs.
The following table highlights some of the activities that need to be accomplished in order to meet this recommendation.  A more comprehensive list of activities is provided in Appendix D:

	DELIVERABLE
	OUTCOME
	LEAD ORG
	CONTRIB ORG
	Cost
	FUNDING
	Expected Completion Date
	Status

	Develop communication infrastructure in communities to effectively get the warning message to people outdoors and indoors
	Get critical messages to people in high tsunami danger traffic areas.
	States
	NTHMP, NOAA (NWS)
	TBD
	TBD
	2012
	TBD

	Identify, share and expand existing best practice outreach products and activities through collaboration of the with the Mitigation Subcommittee.
	Reduce future loss of life by increasing exposure to planning tools for at-risk communities.


	NOAA
	NTHMP
	TBD
	TBD
	2012
	TBD

	Develop community workshops and products for the tourism industry

	Reduce future visitor loss of life to tsunamis
	States
	NTHMP, NOAA (NWS/NOS)
	TBD
	TBD
	2012
	TBD

	Conduct social science studies that identify the effectiveness of past activities and the approaches for future activities
	More effective tsunami preparedness activities
	TBD
	NTHMP
	TBD
	TBD
	2012
	TBD


Recommendation 9: Conduct an annual review of the status of tsunami research and develop a strategic plan for tsunami research in the United States

The Framework supports Research and Development as a necessary component of a complete and effective tsunami forecast system.  Research is required to: understand tsunami processes and impacts; develop more accurate models and techniques, and advance efficient and effective warning and mitigation measures.  Currently, tsunami research is supported by several Federal and state agencies.  Each agency supports a national tsunami research program with specific research activities.

NOAA is dedicated to developing tsunami hazard assessment and forecast tools as well as developing and deploying deep-ocean tsunami sensors for an improved tsunami warning capability.  USGS supports research on the characterization of tsunami sources, tsunami generation modeling, and post-event surveys.  USGS along with NSF gets funding support from the NEHRP to conduct research into the record of tsunami-generating earthquakes.  NSF has also established a tsunami wave tank facility to study the impacts of tsunami forces on structures under their Network for Earthquake Engineering Simulation (NEES).  NASA supports tsunami research through ongoing research related to sea-level change, oceanography, and earthquakes.  FEMA uses NEHRP funds to address applied-use earthquake and earthquake-related issues like tsunami through projects, state programs, and earthquake consortia such as the Cascadia Region Earthquake Workgroup (CREW) and the Western States Seismic Policy Council (WSSPC) that address selected tsunami issues.
The Framework calls for continued coordination of the above research activities by the NTHMP.  The Framework also recommends an annual review of tsunami research be conducted to determine the status of on-going tsunami research efforts and identify research gaps.  Developing a Strategic Plan for Tsunami Research in the U.S. was also recommended.  The following chart details the activities NTHMP will undertake to meet these recommendations:
	DELIVERABLE
	OUTCOME
	LEAD ORG
	CONTRIB ORG
	Cost
	FUNDING
	Expected Completion Date
	Status

	Research Review Workshop

	Develop a consensus on priority tsunami research needs to improve risk reduction
	NOAA
	USGS, US NRC, NSF, US ACE, States, Universities, FEMA, NASA, NIST
	$20K
	NSF/
NOAA 
	July 2006
	Complete

	Develop a National Tsunami Research Plan (strategic)
	Define Research needs to develop, promote, and institutionalize tsunami-resilient, communities in the U.S.
	NOAA
	Humbolt State University and Oregon State University
	TBD
	NOAA?
	January 2007
	Draft Plan in Review

	Conduct follow-up annual reviews of the status of tsunami research
	Re-evaluate research priorities
	NOAA
	USGS, US NRC, NSF, US ACE, States, Universities, FEMA, NASA, NIST

	 TBD
	NOAA/
TBD
	January 2008 
January 2009

January 2010

January 2011
	N/A

	Update National Tsunami Research Plan 
	Redefine (if necessary) Research needs to develop, promote, and institutionalize tsunami-resilient, communities in the U.S.
	NOAA
	TBD
	 TBD
	NOAA/
TBD
	January 2012
	N/A


The Draft Strategic Plan (November 2006) highlights six priorities for Tsunami Research:

· Enhance and Sustain Tsunami Education

· Improve Tsunami Warnings

· Develop Effective Mitigation Tools

· Understand the Impact of Tsunamis at the Coast

· Improve Characterization of Tsunami Sources

· Develop a Tsunami Data Acquisition, Archival and Retrieval System

Additional information on these recommendations can be found at (will insert into Final Implementation Plan)
Appendix E NTHMP Member Organizations

Alaska
Hawaii

Oregon

Washington

California

Texas

Louisiana
Mississippi

Alabama

Florida

Georgia

South Carolina

North Carolina

Virginia

Maryland

Delaware

New Jersey

New York

Rhode Island

Connecticut

Massachusetts

New Hampshire

Maine

Puerto Rico

Guam

American Samoa

U.S. Virgin Islands

Northern Mariana Islands

Marshall Islands

Appendix F Glossary of Terms

AEIC - Alaska Earthquake Information Center 
ANSS - Advanced National Seismic Network

CO-OPS – Center for Operational Oceanographic Products and Services

CREST - Consolidated Reporting of Earthquakes and Tsunamis

CREW - Cascadia Region Earthquake Workgroup 
CRS – Community Rating System
DART - Deep-Ocean Assessment and Reporting of Tsunamis (station)

GEOSS - Global Earth Observing System of Systems
GSN – Global Seismic Network
FEMA - Federal Emergency Management Agency
FGDC – Federal Geographical Data Committee

FIRMS – Flood Insurance Rate Maps

HAZUS – Hazards U.S.


IHO – International Hydrographic Organization

IOC- Intergovernmental Oceanographic Commission

IOC/IODE - Intergovernmental Oceanographic Commission/International Oceanographic Data and Information Exchange

IOCARIBE. - Intergovernmental Oceanographic sub-commission for the Caribbean 

IOOS – United States Integrated Ocean Observation System 
ISDR – International Strategic for Disaster Reduction

ISO – International Organization for Standardization
ITIC – International Tsunami Information Centre

JCOMM - Joint Commission on Marine Meteorology 
NASA – National Aeronautical and Space Administration
NEES - Network for Earthquake Engineering Simulation

NEHRP - National Earthquake Hazards Reduction Program 

NFIP – National Flood Insurance Program

NGDC – NOAA’s National Geophysical Data Center

NSF - National Science Foundation 

NTHMP - National Tsunami Hazard Mitigation Program

NDBC - NOAA’s National Data Buoy Center 
NESDIS – NOAA Satellite and Information Service

NOAA - National Oceanic and Atmospheric Administration

NOS – National Ocean Service

NWS - National Weather Service 

NWLON – National Water-Level Observation Network
PBO - Plate Boundary Observatory
PMEL – Pacific Marine and Environmental Laboratory  
PR/VI – Puerto Rico/U.S. Virgin Islands

PRSN – Puerto Rico Seismic Network
PTWC - Pacific Tsunami Warning Center 
SDR - Subcommittee for Disaster Reduction 

TSP - Tsunami Strengthening Program 
TWCs - Tsunami Warning Centers

TWS - Tsunami Warning System 

TWEAK - Tsunami Warning and Environmental Observatory for Alaska
UNESCO – United Nations Educational, Scientific and Cultural Organization
USACE – United States Army Core of Engineers 

USAID – United States Agency for International Development 

USFS – United States Forest Service

USGEO –United States Group on Earth Observations 

USGS - United States Geological Survey
USNSN – United States National Seismic Network
USTRA – United States Trade Administration

WC/ATWC - West Coast/Alaska Tsunami Warning Center 
WSSPC - Western States Seismic Policy Council 

WDC - World Data Center 

WMO - World Meteorological Organization 

�Note:  There were comments requesting that the titles of these recommendations be changed.  To ensure consistency with the SDR Report, these titles will not be changed. The opportunity to address what is lacking or too far reaching in the SDR Report, needs to be identified/discussed in the respective chapters of the plan  


�There was a comment to add a reference to the Robert T. Stafford Act.  While this is an appropriate act to cite in this document, it was not included in the original list of recommendations from the SDR.  We need to be able to show that we are linking back to their recommendations without revising them.  The more appropriate place to address the Stafford Act is in latter chapters of the plan.


�There was a request to change multi-hazard to all-hazard.  The use of multi-hazard is consistent with the Intergovernmental Oceanographic Commission to describe the approach.  The SDR uses both terms interchangeably.  We have decided to be consistent with both the IOC and the SDR and continue the use of multi-hazard.


�There was a comment to add a reference to the Robert T. Stafford Act.  While this is an appropriate act to cite in this document, it was not included in the original list of recommendations from the SDR.  We need to be able to show that we are linking back to their recommendations without revising them.  The more appropriate place to address the Stafford Act is in latter chapters of the plan.


�Assessment is used throughout this document as well as other documents.  Changing the terminology to analysis would be inconsistent.


�I don’t think we will ever complete inundation mapping since new techniques are always in development and new surveys will be needed as storms, etc can continually change the bathymetry in some locations.


�Comment: Should we be partnering with Natural Resources Agencies?


�Upgraded when? (@


�Would this be the same for the east coast?


�Would these be sensors?


�This section is still too NOAA-centric; what can the NTHMP do to support needs to be enphazised!


�This is a direct correlation to the Global Environmental Observing System of Systems or GEOSS, which is a Presidential Initiative.  Wording has been changed to reflect that.


�There was a comment asking what a mitigation system is.  In this context, the mitigation system is persons involved in mitigation, mitigation processes, procedures, etc…  This is language that UNESCO uses.


�Note: There was a comment to erase the highlighted text; however, the SDR specifically mentions the Indian Ocean to emphasize the development of a warning system for that region.


�Need to work on making this section a lot less NOAA-centric and more focused on what the NTHMP can contribute.


�Too NOAA-centric


�May be appropriate to discuss necessary or ideal outcomes in this section.


�Probably need to define what this is.


�I know there is a gap with the tourism industry, but I think this should also consider gaps that exist exclusive of the tourism industry as well.


�May want to consider including organizations that focus on natural resource impacts (e.g., EPA).  Also what about conducting Cost Benefit Analyses of our technical and mitigation activities?


�Don’t we also want to understand the impact to intercoastal waterways?
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