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h k dHaiti Earthquake and Tsunami
January 12, 2010, Mw 7.0, > 200,000 victims (EQ)

The tsunami took the lives of at least seven villagers in the town of Petit 
Paradis, on Haiti's western coast.

Indication of tsunami runup in Jacmel, southern coast of 
Haiti



Chile Earthquake (M 8.8) and q ( )
Tsunami, Feb. 27, 2010
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Seismicity 2006‐2009

7513 7513 earthquakesearthquakes



St. Thomas Quake, July 21, 2010
8:00 PM LT, M 4.4, 123 km deep

5http://prsn.uprm.edu;  http://tsunami .gov; http://neic.usgs.gov



T i ( h )Tsunami (soo‐nah‐mee)

Usually caused by anUsually caused by an 
earthquake, but can also be 
generated by a submarine 
or subareal landslide oror subareal landslide or 
volcanic eruption or impact 
from space,



Why a Tsunami is a Hazard
 WAVE HEIGHTS GROW IN SHALLOW 

WATER
 Best Case:  Quickly Rising Tide
 Worst Case:  Wall of water with rocks and debris 

Hi h f t lit  h d High fatality hazard
 Runups > 30 m , USVI more likely up to 10 m
 Wrap around islands Wrap around islands
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April 1, 1946              
Aleutian Islands 

earthquake Hilo, Hawaii



Why a Tsunami is a Hazard?Why a Tsunami is a Hazard?
 DANGER CONTINUES FOR MANY HOURS
 NOT NECESSARILY WILL THE WATER FIRST 

RECEDE
 GLOBAL IMPACT blind to political 

boundaries
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1867 Tsunami Amplitudes Zahibo, et. al, 2003.



An EFFECTIVE system means:

All persons  (residents and All persons  (residents and 
visitors) in 
vulnerable coastal communities
are prepared
to respond appropriately, and                          
i    ti lin a timely manner
upon recognition or
notification
that a potentially destructive 
tsunami 

b hmay be approaching.
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Intergovernmental Coordinating Group for the 
Tsunami and other Coastal Hazards Warning System 
for the Caribbean and Adjacent Regions (ICG‐C)

 UNESCO/IOC bodyUNESCO/IOC body
 28 member states, 
commonwealths, 

i i USVI  d PR territories‐USVI and PR 
are part of the US 
Delegationg

 Established in 2005
 Sessions held in 2006, 

  8     d 2007, 2008, 2009 and 
2010



Main Components of CARIBE EWSMain Components of CARIBE EWS
Per recommendation of the Member States 

 P t B diWorking Groups:  
 Monitoring and 
Tsunami Warning 

 Permanent Bodies
 Caribbean Tsunami 
Warning Center‐CTWP Tsunami Warning 

Guidance
 Tsunami Hazard, Risk 
and Vulnerability 

Warning Center‐CTWP 
potential first step

 Caribbean Tsunami and Vulnerability 
Assessments

 Communications
P d  

Information Center – to 
be established in 
B b d   ith f di   Preparedness, 

Readiness and 
Resilience

Barbados with funding 
by the Govt. of Italy

 Secretariat‐Interim  Secretariat Interim 
location in Paris, France 
at UNESCO HQ  11



Caribbean Tsunami WarningCaribbean Tsunami Warning 
Center

Monitoring and Warning Guidance

Caribbean 
Tsunami Caribbean Information 
Center

Education, 
Outreach, 

Preparedness

Caribbean 
States, 

Commonwealths 
and Territories
Decision Making Preparedness 

and Resilience

CARIBE EWS Secretariat
Intergovernmental Coordination
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CARIBE EWSCARIBE EWS
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Seismic 
Data 
Availability y
in the 
CaribbeanCaribbean



Sea Level Data Availability in the Caribbean
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DART
BBuoys‐
Tsunami 
Detection andDetection and 
Forecasting

NOAA PMEL Tsunami Forecast Model for Chile 2010 Tsunami



Current Tsunami Warning Service Providers
West Coast and Alaska Tsunami Warning Center

P id  I t i  W i  S i  t  P t  Ri   d  Provides Interim Warning Service to Puerto Rico and 
the USVI 

 Backup to the PTWC 
 Puerto Rico Seismic Network

 Provides 24 x 7 earthquake and tsunami warning service 
to Puerto Rico and the USVI and BVI 

 Pacific Tsunami Warning Center
 Provides Interim Tsunami Warning Guidance Service to 
the non US Caribbean and adjacent regionsthe non US Caribbean and adjacent regions

 Caribbean Tsunami Warning Center (in proposed 
phase)
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PRSN WCATWC

NOAA Weather Wire
NWS gateway‐EMWIN
FAA systemPRSN WCATWC

I f i  Cli

Warning Plan 
Diagram

Puerto

FAA system
Email
RSS
FAX
SMS messaging
Web siteInformation Clients

Focal Warning Points

Puerto 
Rico/Virgin 

Islands

Web site
USGS‐CISN

PR‐SEMA NWS/SJFOBVI‐DDM VITEMA

EAS

• WEB
• Email Service List

• EAS
• NOAA Weather 
Radio• Sirens

• Dedicated Circuits
• Local Systems

• Dedicated Programs
• Amateur Radio 
•SMS (Pending)
•RSS (Pending)
•Facebook (pending)

•Sirens
•Local 
Systems

•Local 
Systems
•VI Alert

Facebook (pending)

General public & 
news media

General public & 
  di

General 
public & 

General 
public & news media news media
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public & 
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CARIBE EWSCARIBE EWS
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1493‐2010 Tsunami Runups in the Caribbean
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Map of tsunami runups in the Caribbean 1493-2010 (National Geophysical Data Center, 
http://www.ngdc.noaa.gov/hazards/tsu.shtml)



Principal Earthquake, Landslide and Tsunami 
Sources
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Major faults and structures in the Caribbean with the potential of  generating large local and 
regiaonal tsunamis from earthquakes and submarine landslides.



Tsunami Inundation Maps
 Information Required:

 Tsunami sources, eg. 
Faults  Landslide  Faults, Landslide, 
Volcanoes

 Digital elevation models of 
near shore topo and near shore topo and 
bathymetry

 Inundation model‐TIME, 
MOST MOST 

Tsunami Inland Flood Limit for Tsunami Inland Flood Limit for MayagMayagüez,PRüez,PR



V lnerabilit
 Vulnerability Factors

Vulnerability
u e ab ty acto s
 Age
 Sex
 Family/Marital Status
 Special Needs
 Education
 Housing
 Economic resources Economic resources



CARIBE EWSCARIBE EWS



Communications and Dissemination
 24 hour capability to  24 hour capability to 
rapidly receive and 
disseminate emergency disseminate emergency 
information messages

“80% of tsunami mortalities occur 
within the first hour after the source 
event” (exception:  1946 Aleutian 
tsunami)
EOS-AGU, v.88, n. 52



PRSN Agency Dissemination Protocol

• WCATWC  (M ≥6) (Private
Line/Satellite Telephone)PRSN

RY

PRSEMA  

PR
IM

A
R

ISU RD

If  there is potential 
impact for the  VI

If there is potential 
impact for the 

Dominican Republic

NWS San 
911 St. Thomas
911 St. Croix

DDM BVI 
(L V)Ring Down          

OMME 
(Mygz.)  Ring 

Down          

ISU RD

ONAMET 
RD

If no 
response:

If no 
response

Juan USVI
(L‐V)

BVI PoliceVITEMA St. Johns

VITEMA St. Croix

EC
O

N
D

A
RY

VITEMA St. Thomas

S

Calls will also be made to:
PRSN Director- PRSN Director

-PRSEMA Director 
-USGS (M≥6)
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CARIBE EWSCARIBE EWS
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Tsunami
R dReady
When seconds 
count, 
TsunamiReady 
communities 
are ready to 
respond

America Samoa Tsunami, Sept. 29, 2009
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TsunamiReady™ ObjectivesTsunamiReady  Objectives
 Create minimum standard community 

id li  f   d   i guidelines for adequate tsunami 
readiness. 

 Increase public awareness and Increase public awareness and 
understanding of tsunami hazard. 

 Improve community pre‐planning for 
i ditsunami disasters.

 Encourage consistency in educational 
materials and response. materials and response. 

 Recognize communities that have 
adopted TsunamiReady™ guidelines. 



T iR d ™ B fitTsunamiReady™ Benefits
 Community is better prepared for
“ ll h d ”“all hazards.”

 Increase contacts with experts 
(emergency managers, 

h   d i  NWS)researchers, academia, NWS).
 Identify community readiness 
needs.

l l h d l d Host regularly scheduled 
education forums.

 Enhance “core” infrastructure to 
  h    i  support other  community 

hazards.
 Allow public to see how tax dollars 

 b i  are being spent.



How does a CommunityHow does a Community
become TsunamiReady™?

 Establish Communication and Coordination Plan
 H  W i  P i t 24 Hour Warning Point

 Emergency Operations Center
 Receive Critical Tsunami Warning Information

 Emergency Managers Weather Information Network (EMWIN)
 NOAA Weather Radio
 NOAA Weather Wire
 News Media (Radio/TV)
 Internet
 Pagers, cell phones, etc.g p



How does a Community
become TsunamiReady™?become TsunamiReady™?

 Disseminate Tsunami WarningsDisseminate Tsunami Warnings
 Emergency Alert System 
 Cable Override 
 NOAA W th  R di  i   bli   NOAA Weather Radio in public 
buildings

 Sirens
H   di Ham radio

 Email alert notifications 
 SMS
 Telephone calling tree



How does a CommunityHow does a Community
become TsunamiReady™?

 Increase Community Preparedness
 NWS staff and EM provide Tsunami safety 

presentations
 Designate safe areas outside of inundation zone
 Establish tsunami evacuation areas, evacuation 

  d i ll  i     iroutes, and install evacuation route signs
 Provide written, locality specific, tsunami hazard 

response material to public
S h l   Schools: e
 Encourage tsunami hazard curriculum
 Practice evacuations if located inside 

inundation area
 Provide safety material to staff and students



Preparation andPreparation and 
Distribution of 
Evacuation Maps.



H d C itHow does a Community
become TsunamiReady™?become TsunamiReady ?

 Administrative
 Develop formal tsunami hazard 
operations plan

 Yearly meeting/discussion by  Yearly meeting/discussion by 
emergency manager with NWS

 Visits by NWS official to y
community at least every other 
year



TsunamiReady™ RecognitionTsunamiReady  Recognition
Process

• Community applies to local NOAA 
NWS Office.

• Local TsunamiReady™ Advisory 
Board reviews application   Rafael Board reviews application.  Rafael 
Mojica, WCM, NWS, San Juan is the 
chair.

• Local TsunamiReady™ Advisory y y
Board performs on‐site verification 
visit.

• If guidelines are not met, Local 
TsunamiReady™ Advisory Board TsunamiReady  Advisory Board 
suggests improvements and works to 
implement changes.

• Once guidelines are met, a 
d

g ,
recognition Ceremony and Press 
Conference is held for community.



S f l A li R iSuccessful Applicants Receive:
• TsunamiReady™ 

i i  l   lid f    recognition letter valid for 3 
years.

• Two official Two official 
TsunamiReady™ signs.

• Authorization to use the 
TsunamiReady™ logo.

• Instructions for acquiring 
ddi i l  iadditional signs.

• Listing on TsunamiReady 
Web siteWeb site





T iR d ™ R lTsunamiReady™ Renewal
ProcessProcess

• NWS Office sends notification letter to communities that 
need to re apply with 6 months advance notice  need to re‐apply with 6 months advance notice. 

• A copy of the original application is reviewed by 
community officials to certify it is still accurate.

• Community provides an updated list of any new 
technology or information that has been added since the 
initial application was signed.pp g

• Once the community official signs and returns the 
application a 3‐year renewal becomes effective.





Earthquake and Tsunami Buildingq g
Codes and Guidelines



CARIBE WAVE LANTEX 2011 M h 23 2011CARIBE WAVE LANTEX 2011, March 23, 2011
 Tsunami generated by a magnitude @ 7.5 earthquake in the US 

Vi i  I l d B i  ( i il     h   86  VI EQ  d T i)Virgin Island Basin (similar to the 1867 VI EQ and Tsunami)

43

The distribution of computed maximum positive tsunami 
amplitudes. The water surface elevation is in meters).  
Taken from Zahibo, et. al, 2003.



Remember....Remember....
 A tsunami is a series of waves – not one wave
 The first wave may not be the largest, might not be y g g
receding

 Time between waves:  5 min to > 1 hour
 Hazard can continue for many hoursHazard can continue for many hours
 Natural tsunami warning signs

Strong or long shaking from an earthquake
An unusual withdrawal of the seaAn unusual withdrawal of the sea
An unusual loud roar from the sea 

 Tsunamis easily wrap around islands
 Can occur day or night  cloudy or sunnyCan occur day or night, cloudy or sunny
 Tsunamis are usually the secondary effect of an 
earthquake, also have to plan to deal with the 
earthquake and other secondary effects  liquefaction  earthquake and other secondary effects, liquefaction, 
landslides



More information…More information…
 NOAA NWS http://tsunami.gov 

 Caribbean Tsunami Warning Program, Tel. 787‐833‐8433, 
christa.vonh@noaa.gov

 Puerto Rico Seismic Network
 http://prsn.uprm.edu

• PRTWMP with PR Tsunami Inundation Maps
– http://poseidon.uprm.edup p p

 UNESCO IOC Caribe EWS http://www.ioc‐
tsunami.org/



Our Mission:  Save lives, property
and livelihood…

Reuters

2004-Tailandia 2010 - Haiti

S
Chile, 2010

NY Times
Thank you

Samoa Americana 2009 2010 - Haiti


