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To provide support and manage the NOAA Tsunami
Program on both domestic and international fronts,
Including reliable tsunami detection, forecasts, and
warnings and education and outreach to promote
community resilience



Presenter
Presentation Notes
The Tsunami Program at NWS Headquarters has important relationships with several other NOAA offices, facilities, and operations.  This relationship manages the tsunami capability for the entire United States and requires the ability to discuss and negotiate with several NOAA offices in order to fully realize the full capability requirements to meet the NOAA mission.


e Series of “shallow water” waves generated In
the deep ocean by:
- Large undersea earthquakes,
- Undersea landslides,
- Undersea volcanic activity,
- certain-weather-related phenomena, and meteorites

e In the deep ocean, tsunamis move up to 600

mph and may only be a few inches high at the

e At coasts, water and energy are focused into a -
series of powerful waves

Tsunami Approaching
Shoreline
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- DART Locations and
Historical Mega-Tsunamis
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Presenter
Presentation Notes
The U.S. Tsunami Warning System (TWS) is an “end-to-end system" that addresses all stages of early tsunami warning from initial hazard detection and warning to final communication if timely, accurate, reliable, and effective tsunami forecast and warning products to coastal populations and emergency responders within the U.S. The system also promotes tsunami preparedness and mitigation activities such as community preparedness and public education. The primary operational tasks are to rapidly locate, size, and otherwise characterize tsunami sources, forecast coastal inundation, and assess potential impacts. The TWS provides appropriate guidance messages and graphical products to emergency responders and citizens, allowing them to make well-informed decisions.  

Hazard Detection and Forecasts – Consists of detection equipment, acquisition of data from detection/observational networks (seismic, sea-level, and , processing and analyzing data, including initial estimation of event, determining if a wave has been generated, and interpretation of inundation forecast models.  Seismic data from USGS are mission critical data that contribute successful hazard detection and forecasting.

Warning Formulation – During the analysis of observational data, tsunami warning centers determine the type of product to generate and who to notify.

Warning Dissemination – Products are then disseminated over all available emergency communication circuits, to both emergency management and public.  These include EAS, NAWAS, NOAA Weather Wire, FAA Teletype, dedicated NWS circuits, email, RSS, Website, SMS Messaging, and USGS

The PTWC and NTWC are 24/7 operations ready to receive, process, and disseminate forecasts for their AORs.  

The NTHMP enables coordination among states and federal agencies to ensure a coordinated warning system to improve warning guidance and mitigation procedures.  Local Preparedness and Response – Preparedness and outreach programs such as NWS’ TsunamiReady, coordination with NWS WFOs, FEMA’s Vertical Evacuation studies, and USGS’ vulnerability studies help communities be prepared to respond appropriately to TWC products, including evacuation procedures, and plan community infrastructure to reduce economic losses and causalities from tsunami events.

Research is a critical component of this end-to-end system.  Research results in improved tsunami detection technologies, warning products and dissemination methodologies, and improved tsunami preparedness and mitigation.  The Pacific Marine Environmental Laboratory’s National Center for Tsunami Research performs R&D for monitoring networks and modeling to optimize the speed and accuracy of operational forecasts and warnings.

The National Ocean Service provides sea-level detection systems, including tsunami-capable tide gauges that are used in real-time tsunami forecast formulation. 

The National Data Buoy Center provides maintenance and deployment support for our DART buoys and sea-level sensor arrays.

The National Geophysical Data Center provides an archive of tsunami data for retrospective analysis and model development.

International interests are served by the International Tsunami Information Center (ITIC).  ITIC provides outreach, training, technical assistance and warning coordination services to ensure that international alerts are received in a timely manner, are understood and interpreted correctly, and are used to properly execute emergency responses that will save lives and property, and reduce impacts on economies.  

The Caribbean Tsunami Warning Program (CTWP) facilitates tsunami education and outreach within the  Caribbean region both domestically and internationally. CTWP also assists with implementation of seismic and sea level sensing plans in support of the Caribbean Intergovernmental Coordinating Group. 


  





e Seismic Networks
o Alaska, Hawaii, Caribbean

e Sea-Level Networks

- 39 Deep-Ocean Assessing and Reporting il £
of Tsunamis (DART) observation systems
o National Data Buoy Center

- Coastal sea-level stations

o Center for Operational Oceanographic
Products and Services (188)

o Tsunami Warning Centers (21)
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Presentation Notes
Each DART® station consists of a surface buoy and a seafloor bottom pressure recording (BPR) package that detects pressure changes caused by 
tsunamis. The surface buoy receives transmitted information from the BPR via an acoustic link and then transmits data to a satellite, which retransmits the 
data to ground stations for immediate dissemination to NOAA's Tsunami Warning Centers, NOAA's National Data Buoy Center, and NOAA's Pacific Marine 
Environmental Laboratory (PMEL). 
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National Tsunami Warning Center
Pacific Tsunami Warning Center

Pacific Marine Environmental
_aboratory (models)

National Centers for Environmental
nformation (coastal elevation and historical archive)

Paéific Tsunami Warning Center (at the NOAA Daniel K.
Inouye Regional Center), Honolulu, Hawaii

National Tsunami Warning Center, Palmer, Alaska



Presenter
Presentation Notes
Models operated on NOAA supercomputer resources inform the TWCs about tsunami forecasts, including wave amplitude and arrival time.
RIFT: Real-time Inundation Forecast of Tsunami (RIFT):  PTWC’s primary model for forecasting tsunami amplitude at international locations. This forecast, based on the W-phase seismic centroid moment tensor, most closely matched the DART data.  It demonstrates why Hawaii had a potential threat from this tsunami.  The main beam of energy was aimed directly at the Hawaiian Islands.

ATFM: Alaska Tsunami Forecast Model (ATFM): NTWC’s primary model for forecasting tsunami amplitude at domestic locations. 
SIFT: Short-term Inundation Forecast of Tsunamis (SIFT): PMEL model that can be used by both TWCs.
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~U.S. Tsunami
Warning System Coverage




. Typical Tsunami Response
7 Timeline: Domestic Earthquake

Seismic
Data
Prepare and
Distribute
Products
Detect Analyze Warn Respond
Earthquake
0:00 0:10 1:00 3:00 4:00

Time in Minutes




mmmm Forecasted Maximum Amplitude
mmmmm Observed Maximum Amplitude
-----Warning Amplitude

Advisory Amplitude

Location

Maximum Tsunami Amplitudes
March 11, 2011 - Honshu, Japan

S W
- D
< i
> FORSX
= D
o 1
o D
- >
EE
- Iozke;
A (b))
z >
o -
= D
Z N
> O
° @
2 T
N O C
< Q0]

o
(0p)
qv)
&
)
—
o
LL
&
qv)
-
>
(0p)
—
—
—
o
(@
-
qv]
O
qv]
-J

=T RAT IO

%.m.%...,

[sa818W] apnidwy




] (]

ER-

= =

< E s g

S 1S E =

=} S 2 =

E 2 = g

BN

= = 3 2

2 5 g 2

@ 1) £ @

+ > c >

;o5 € 3

s & f

r—r — “ ®rsey,, 9405 Uy

]
= qu B EE&:@ \mcwgv‘ EBQ
(@)
— a h @Eok.:mu xmt&co:\
<C N Mv
o % — m«msv @E\w&.
T | |
(7p]
2 — QD Qo ®ysey,, Oy
= O =
W O H .w m m&wm\v\ ﬁgm\s.ww
) _I_I —_ I
< e mn o) QE&.:N.V 6:9 ey
J—
© V <C m_u m«nm:u em,s«v c
o © =& 2
% a = - ®rse), .&&9\5 S
o m m_u |
w n S QEQ.:S \Emﬂmm E:mw
-
= h @) — o Bysey,, o, Pups
< T m nmu QE&.:mu @w\wm:v soy
[ V E -
= e T o @on.cmu TN ucwuwwb
> Beky S
O —i ) = ®ysey,, coﬂmr Yng
=
< O b m«nm:u 6\_8 mc.c\
Mw O @\mgv\ &&bo&
> e- © &Eoysmu ﬂmc.on\ BJupg
M m n“ Eon.cmu \EBcw\#
m A v QEE.:@U W.Sq Ueg to&
= |
=T RAT IO o < 2 °©
i . o
E 2 e 4
| — o
—

wy
1ow] apnud
[s12

&
g
3]
T
S

&



Presenter
Presentation Notes
Source: NTWC, averaged SIFT/ATFM


e National Tsunami Hazard Mitigation Program

- NOAA, Federal Emergency Management
Agency, U.S. Geological Survey, 28 states
and territories

e TsunamiReady Program

- 189 U.S. communities (11 new in FY15) _
- New implementation guidelines adopted FY16  JeHnamiReady*

e \Weather Forecast Offices
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Presentation Notes
Education and Outreach are critical components of the Tsunami Warning System.  For instance pre-education and outreach was recognized with saving lives during the American Samoa Tsunami on Sept. 30, 2009.  Japan has a very strong outreach and education program, and it has been determined the loss of life would have been greater there had the Japanese not prepared their citizens for a tsunami.
The NTHMP is partnership that NOAA leads, along with our partners in FEMA, the USGS, and 28 coastal states, territories and commonwealths.  It focuses on developing consistent national approaches for outreach and education, evacuation map guidelines, tsunami inundation modeling guidelines, and warning coordination between our U.S. TWCs and State and local governments.  
The Culture of Tsunami Preparedness and Response focuses on education and outreach for not only the residents of at-risk areas by also visiting populations such as tourists who need to know how to respond to a tsunami should one threaten the location where they are at.  Hawaii, California, Oregon, Washington, and Puerto Rico all have great education programs for residents and visitors located in Tsunami risk areas.
Education and preparedness are critical for near-shore earthquakes, where the earthquake is the warning.  Through our joint education efforts, we stress the importance of moving to higher ground when you are at the coast and feel a long, strong earthquake, see the sea withdraw or rise rapidly, or hear a loud roar from the ocean.  


NOAA supports the UN’s Intergovernmental
Oceanographic Commission’s coordinated
tsunami warning and mitigation systems in
the Pacific and Caribbean, providing
forecast and observation guidance and
education and preparedness services:

- Pacific Tsunami Warning Center

- International Tsunami Information Center

- Caribbean Tsunami Warning Program

- National Weather Service Headquarters



Presenter
Presentation Notes
The ITIC and CTWP are NWS facilities managed by NWS regions, but aligned with the Tsunami Program at NWS Headquarters for direction and guidance.  
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FY15 Appropriations: $27M

w:% NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

m Sea Level Observations
Operations & Maintenance

State Partner Grants

®m Tsunami Warning Center
Operations

Research and Development

m Dedicated Preparedness &
Mitigation Activities (ITIC/CTWP)

m National Centers for
Environmental Information

® Program Support &
Administration
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Research and Development

Priori
CTWP] ITIC mt\:c PTWC Operational Need FY16 Research Efforts Operational Sponsor
1 1 1 | Impact-based DSS 1. Operationalize Tweb 1. NTWC/PTWC
e Evacuation lines/maps overlay
® Dissemination tool
2. International forecast guidance 2. 1TIC
3. Exercise scenarios 3. CTWP
4, Guidance for addressing very large, infrequent tsunami events | 4. CTWP
5. Hazard level based on scenario runs using ComMIT 5. ITIC
(SIMS/country developed grids/available grids)
2 2 | Improved assimilation of EXISTING data to constrain | 1.Assimilate existing cabled observing data 1. NTWC/PTWC
tsunami source 2. Assimilate coastal stations into SIFT 4.0
3.GPS/GNSS 2.NTWC/PTWC
4.DEM (NCEI recurring) 3. NTWC/PTWC
4, NTWC/PTWC
3 | 3 | Accurate near-real-time tsunami detection and 1.DART 4G 1.NDBC
measurement 2.GPS Shipping (FY14-16) 2.PTWC
3.FO Cabling (OBS PPA) 3.7
4. HF Radar 4. NTWC
4 | 4 | Accurate coastal tsunami model forecasts for any 1. SIM (NCTR recurring) 1. NTWC/PTWC
source and any AOR coastline 2. Incorporate tsunami amplitude into storm surge/tide forecasts | 2.?
OR and vice versa
Near-real-time tsunami detection and 3. Drive SIMS from. RIFT
measurement for source determination and/or 4. Currents/ duration 3. PTWC
forecast validation 4. NTWC/PTWC
OR
Improved tsunami forecasts
Reduce model run times and forecast latency 1. SIFT-capable GPU version 1. NTWC/PTWC
Real-time model utilization and integration techniques| 1. Optimize forecast accuracy with existing techniques
& Uncertainty
» Confidence
7 | 7 | Faster generation of initial tsunami alert message 1. USGS/Int’l sensor density
(better earthquake characterization) 2. Seismic processing improvements
3. GPS/GNSS




GPS/GNSS Tsunami Early Warning
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GNSS Earthquake Source Model

Running in real-time on a fixed fault surface
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22 October 2015 Tsunami Research Advisory Council — Silver Spring, Maryland Dr. Gerald Bawden, NASA HQ



Project Overview

We propose a joint NOAA-NASA project to integrate and validate
the prototype real-time GNSS-Tsunami Early Warning (GNSS-
TEW).

This prototype GNSS-TEW would be installed on a self-contained
server and would be tested in parallel with TWC protocols for two
tsunamigenic regions with sufficient and available real-time GNSS
data.

The NTWC will establish test protocols for Cascade subduction zone
In the Pacific Northwest. The PTWC will likely use Japan as a
demonstration location; access to real-time GNSS data from Japan
will need to be gained before this region has been finalize.

22 October 2015 Tsunami Research Advisory Council — Silver Spring, Maryland Dr. Gerald Bawden, NASA HQ
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NOAA/NWS Tsunami Warning Program
PM: Michael.angove@noaa.goVv
DPM: Rocky.lopes@noaa.gov
http://www.tsunami.gov
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