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Haiti 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 Indication of tsunami runup in Jacmel, southern coast of
Paradis, on Haiti's western coast. Haiti
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LT, M 4.4, 123 km deep —

USGS Community Internet Intensity Map

VIRGIN ISLANDS REGION .
Jul 21 2010 20:00:04 local 18.4829M 54,9489W M4.4 Depth: 123 km 1D:pr10203000 REPORTE SISMICQ/TSUNAMI PARA PUERTO RICO E ISLAS VIRGENES S TGS %
SEISMIC TSUNAMI REPORT FOR PUERTO RICO AND THE VIRGIN ISLANDS
BOLETIN 2
EVENTO SISMICO/TSUNAMI
Magnitud:
Magnitude: * 4480
Fecha - Hora: * 2010/07/22 - 00:00:05 (UTC)
20°N 20°N Date - Time: ® 2010/07/21 - 20:00:05 (Hora Local Local Time)
fe seae » Latitud Latitude: 18.545 °N, Longitud Longitude: 64.964 W o T E
Locamn: ) ) ’ ) ) Porce Cete Agas Banm Cewrm TRl A Cagamns y G TTER G o mewedes meome oV (el Med
Profundidad: . . o et P o 3
i * 102 km ( 63 millas/miles)
Region: ¢ Plataforma de las Islas Virgenes
1N 16°N Region: * Virgin Islands Platform .
Distancias: ® 22 50 Km N of Charlotte Amalie. St. Thomas. USVI L
Distances: " * 3596 Km NW of Coral Bav. St. John. USVI bl S N
) ® 4011 Km W-NW of Road Town, Tortola, BVI i 20l I f:ﬁ—' )‘j _,“
Event ID: » 20100722000005 - ' -
Nivel de Alerta de Tsunami: * No hay peligro de tsunami para Puerto Rico e Islas Virgenes : ——
18N 18°N Tsunami Alert Level: ¢ No tsunami threat for Puerto Rico and the Virgin Islands
Fecha y Hora de emision: ¢ 2010-07-22 00:03:54 (UTC) /:-.).
Issued at: ® 2010-07-21 20:03:54 (Hora Local Local Time) ‘l&-‘
. SEXXGB PAAQ 220663
17N 17N EQIATL
TSUNAMI SEISMIC INFORMATION STATEMENT
NS WEST COAST/ALASKA TSUNANI WARNING CENTER PALMER AK
863 P11 AST WED JUL 21 2018
. THIS IS AN INFORMATION STATEMENT...
B7T'W BE"W B5"'W B4'W B3"'W SALUATION
ITRRETY I 11 ™ v vi ; AN EARTHQUAKE HAS OCCURRED WITH A MAGNITUDE SUCH THAT A TSUNAMI WILL MOT BE GENERATED. THIS WILL BE THE ONLY HCATWC MESSAGE ISSUED FOR THIS EVENT.
SHAKMNG |Moifell Weak | Light |Moderabe| Strong [Very strong) Savare Viclent | Exteme
pawAGE | nore | none | none | Verylight | Light | Moderae |Moderaiertiasy| Heavy | V. Heawy PRELIMINARY EARTHQUAKE PARAVETERS
- — JAGNTTUDE - 4.7
Frosessed Fi 23 =508 2010 THE - 2080 EDT UL 21 2618
t5 2608 AST JUL 21 2818
anne 1089 COT IUL 21 2019

2089 UTC JUL 22 2618
LOCATION - 18.4 NORTH 64,0 WEST

Our Work Seismicity Education Tsunami | Links home uprm.edu 45 NILES/72 KNl £ OF FAJARDO PUERTO RICO

' - - 75 MILES/121 KN E OF SAN JUAN PUERTO RICO
DEPTH - 74 MILES/110 KN

Welcome
I ) - THE LOCATION AND MAGNTTUDE ARE BASED ON PRELTMINARY INFORMATION.
this page is under construction FURTHER INFORMATION NILL BE ISSUED BY THE UNITED STATES GEOLOGICAL SURVEY - EARTHQUAKE.USGS.GOV - OR THE PUERTO RICO SEISMIC NETWORK.
RECENT SIGNIFICANT EARTHQUAKES

Magnitude Agency Local Time (GMT-4) __Latitude Longitude Depth Region #

293Md  PRSN 07 27 18.775 64695 42 VIRGIN ISLANDS PLATFORM ~

44501 PRSN 04 16.483 64949 123 VIRGIN ISLANDS PLATFORM =‘

33Md  PRSN 05 16.022 85327 8 EASTERN PUERTO RICO || i '

361M PRSN 22 16.409 68434 161 EASTERN DOMINICAN REPUBLIC : ' g g .

AT PRSN 2N1NN717 NA-1NN7? 19 FRA ARAIN A3 DHFRTA RICA TRENCH http'//prsn'uprm'edu7 http'//tsunaml 'gov’ http'//nelc'usgs'gov
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" GENERATION

PROPOGATION

INUNDATION

Usually caused by an
earthquake, but can also be
generated by a submarine
or subareal landslide or
volcanic eruption or impact
from space,
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Why a Tsunami is a Hazard

e WAVE HEIGHTS GROW IN SHALLOW
WATER

e Best Case: Quickly Rising Tide
e Worst Case: Wall of water with rocks and debris
e High fatality hazard

e Runups >30 m, USVI more likely up to 10 m
i T

e  Wrap around islands

April 1, 1946
Aleutian Islands
earthquake Hilo, Hawaii



hy a Tsunami is a Hazard?

DANGER CONTINUES FOR MANY HOURS
NOT NECESSARILY WILL THE WATER FIRST

RECEDE

GLOBAL IMPACT blind to polltlcal

boundaries

Sealevel at Coquimbo_CL station - (2.0909 m)

FFF

20 285 200 25

1867 Tsunami Amplitudes Zahibo, et. al, 2003.
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“TsunamiTSAFETTN

An EFFECTIVE system means:

All persons (residents and
visitors) in

vulnerable coastal communities
are prepared

to respond appropriately, and
in a timely manner

National Weather Service (NOAA), Son Juon
787-253-4586 » hitp://www.tsunami.gov

upon recognition or e
notification

that a potentially destructive
tsunami

may be approaching.




' Intergovernmental Coordinating Group for the
Tsunami and other Coastal Hazards Warning System
for the Caribbean and Adjacent Regions (ICG-C)

» UNESCO/IOC body

* 28 member states,
commonwealths,
territories-USVI and PR
are part of the US
Delegation

* Established in 2005

* Sessions held in 2006,
2007, 2008, 2009 and
2010




mmponents of CARIBE EWS

Per recommendation of the Member States

» Working Groups: * Permanent Bodies

* Monitoring and e Caribbean Tsunami
lsunami Warning Warning Center-CTWP
Guidance e

: , potential first step

e Tsunami Hazard, Risk , ,
and Vulnerability e Caribbean Tsunami
Assessments Information Center - to

e Communications be established in

* Preparedness, Barbados with funding
Reagl}ness and by the Govt. of Italy
Resilience

e Secretariat-Interim
location in Paris, France

at UNESCO HQ 1
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Seismic
Data
Availability
in the
Caribbean

Sistema de Monitero de Estaciones

Uisia de Estackees:[CoFz W | Opchomes del Mape: | Tocks a3 estaciones W | | Eovier | Latencia

pzdrzcn | |oamse | | cavoe sor onemta | | Puseto Ao somimcdmasees | | Puseto oo s mdmatras
= e e e e e

o
100 ﬁ
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A Gap<i Sy Gap <= Smin. S, Gap<=15min. 5 Gap <= 30 min.
£ Gap == 1h. A Gap = 1h. & RT{15 min} Sin Datos. [ Ovarlap <= 5 min.
A Overlap»5Smin.  © Estacion no registrada.

LOMIEICA D DE LA E3CALE
URima scoslizsckn 2010-07-21 1217105




el Data Av;ﬁability in

SEA LEVEL STATION MONITORING FACILITY

=

10C

Intro Stations Database Metadata

Sealevel stations
Status at 2010-07-21 12:07 GMT

Type | All stations b

Legend:

@ Station is offline, or data is outdated
@ Station is online

" ® Station is not available at this site

by s
" % t“"

http://www.ioc-sealevelmonitoring.org/

Lat: 19.8 Lon:-84.07

% ©Carolina
Bayamon

Lime Tree Sea Level Station, St. Croix

Albenito Caguas
o

b
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Iridium
satellite

& control

4‘. Bi-directional
G communication

Iridium &
GPS antennas i
i Lifting
Electronic systems
Tsunami and batteries - hand\ez o
Warning "
Center
- Surface Buoy
2.5 m diameter
4000 kg displacement
Acoustic transducers '\\F'f
Reach} 4%
Tsunameter ,\-\“\ b
‘ 2 (A 25 mim chain 3.5 m)
 Signal flag e
) = b Swivel

k Bi-directional..
T f o Gfass bal acoustic -
flotation  _  telemetry
) T
13 mm ,";\_\' k\\:
polyester _\;\\ e
=)
= A&
SR
7sm | N O
R
,A'csusric
transducer

- Acoustic release
CPU

Optional

22 mm nylon

19 mm nylon

13 mm chain (5 m)

Anchor 3100 kg

" TS e

. .

Station Owners

NDBC DART Buoys|

Australia
Chile
Indonesia

S

sensor mast i

fEw] | powW] [

Thailand

70 £

iE0 £

Buoys-
Tsunami

Detection and
Forecasting

NOAA PMEL Tsunami Forecast Model for Chile 2010 Tsunami
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Current Tsunami Warning Service Providers

* West Coast and Alaska Tsunami Warning Center

e Provides Interim Warning Service to Puerto Rico and
the USVI

e Backup to the PTWC
® Puerto Rico Seismic Network

e 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 regions

* Caribbean Tsunami Warning Center (in proposed
phase)

4ty



Warning Plan
Diagram
Puerto

Rico/Virgin
Islands

\ 4

* WEB

* Email Service List

* Dedicated Programs
e Amateur Radio
*SMS (Pending)

*RSS (Pending)
*Facebook (pending)

A2

NOAA Weather Wire
NWS gateway-EMWIN
FAA system

Email

RSS

FAX

SMS messaging

Web site

USGS-CISN

l

!

*Sirens

/

General public &
news media

*Local
*Local
G Systems
4 *VI Alert
General General
public & public &
news news
media media

 Sirens
* Dedicated Circuits
* Local Systems

‘ * EAS
* NOAA Weather

Radio

J

General public &
news media
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Red Sismica de Puerto Rico

hitp.y redsizmio. uprm.edy Tigfona: 7875338433

de la Costa Oeste & .Aa‘asku ,-m

cat -rarh rraa mov

» Possible Strong and
Dangerous local
Currents. i y o

» Stay tuned for local g 2 ' » Posibles corrientes locales
Emergency guidance. e fuertes y peligrosas.

*[Manténgase escuchando

las instrucciones locales de

EMErgencia.

» Potential Danger.

+ Stayed tuned for
more information.

*Peligro potencizal.
* Permanezcaalerta pars
mas informacion.
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1493-2010 Tsunami Runups in the Caribbean (NDAA NGOC)

(A)

Map Generated by the National Geaphysical Data Center 4 e

Map of tsunami runups in the Caribbean 13-2010 (National eophysical Data Céer
http://www.ngdc.noaa.gov/hazards/tsu.shtml)
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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.

Source: U. ten Brink, USGS



* Information Required:

e Tsunami sources, eg.
Faults, Landslide,
Volcanoes

e Digital elevation models of
near shore topo and o
bathymetry 0 e el

e Inundation model-TIME,
MOST

Tsunami Inland Flood Limit for Mayagiiez,PR




Vulnerablllty

* Vulnerability Factors
e Age
* Sex
e Family/Marital Status
e Special Needs

e Education
e Housing

e Economic resources
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Communications and Dissemination

* 24 hour capability to
rapidly receive and
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




W

- WCATWC (M =6) (Private
Line/Satellite Telephone)

PRIMARY

SECONDARY

Calls will also be made to:
- PRSN Director

-PRSEMA Director

-USGS (M=6)

27
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Tsunami
Ready

When seconds

count,
TsunamiReady
communities
are ready to
respond

America Samoa Tsunami, Sept. 29, 2009




TsunamiReady™ Objectives

e Create minimum standard community
guidelines for adequate tsunami "
readiness.

 Increase public awareness and
understanding of tsunami hazard.

e Improve community pre-planning for
tsunami disasters.

e Encourage consistency in educational goc 4
materials and response. P

e Recognize communities that have
adopted TsunamiReady™ guidelines




TsunamiReady™ Igenefits

e Community is better prepared for
“all hazards.”

 Increase contacts with experts
(emergency managers,
researchers, academia, NWS).

e Identify community readiness
needs.

e Host regularly scheduled
education forums.

e Enhance “core” infrastructure to
support other community
hazards.

e Allow public to see how tax dollars
are being spent.




How does a Community A@
become TsunamiReady™? I0AA

All Hazards

» Establish Communication and Coordination Plan
e 24 Hour Warning Point
e Emergency Operations Center

* Receive Critical Tsunami Warning Information
* Emergency Managers Weather Information Network (EMWIN)
e NOAA Weather Radio
e NOAA Weather Wire
e News Media (Radio/TV)
e Internet
e Pagers, cell phones, etc.




|

become TsunamiReady™?

* Disseminate Tsunami Warnings
e Emergency Alert System
e (Cable Override
e NOAA Weather Radio in public
buildings
Sirens
Ham radio
Email alert notifications
SMS

Telephone calling tree




* Increase Community Preparedness

* Schools:

How does a Community
become TsunamiReady™?

NWS staff and EM provide Tsunami safety
presentations

Designate safe areas outside of inundation zone
Establish tsunami evacuation areas, evacuation
routes, and install evacuation route signs " CAIGH GROUND OR INLAND |~
Provide written, locality specific, tsunami hazard

response material to public

Encourage tsunami hazard curriculum

Practice evacuations if located inside
inundation area

Provide safety material to staff and students




reparation and
Distribution of
Evacuation Maps.
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How does a Community
become TsunamiReady™?

Emergency Operations

A i Plan
o Administrative

e Develop formal tsunami hazard

operations plan EVACUATION

e Yearly meeting/discussion by f,v
emergency manager with NWS

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

SHELTER



sunamiReady™ Recogni

Process

- Community applies to local NOAA
NWS Office.

- Local TsunamiReady™ Advisorfy
Board reviews ape\lflcatlon. Rafael

Mojica, WCM, NWS, San Juan is the

chair.

- Local TsunamiReady™ Advisory
Board performs on-site verification
VISIL.

- If guidelines are not met, Local
TsunamiReady™ Advisory Board
sug%ests improvements and works to
implement changes.

 Once guidelines are met, a
recognition Ceremony and Press
Conference is held for community.
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Successful Applicants Receive:

» TsunamiReady™

recognition letter valid for 3

years.

- Two official
TsunamiReady™ signs.

- Authorization to use the
TsunamiReady™ logo.

- Instructions for acquiring
additional signs.

- Listing on TsunamiReady
Web site

Entering A
TsunamiReady

Community

IN CASE OF EARTHQUAKE, GO TO
HIGH GROUND OR INLAND

@ 1!..I.q"p-
& M ®
k. S

TSUNAMI
READY




TsunamiReady

As of May 5, 2010, there were 75 TsunamiReady™ Sites in 10 states,
Puerto Rico and Guam and the Horthern Mariana |slands
1 TsunamiReady Supporter
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TsunamiReady™ Renewal
Process

NWS Office sends notification letter to communities that
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.

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



TSUNAMI
READY

L]
engineering

Www vernixeng.com

Marine Sciences, UPRM Universidad de Puerto Rico



PEarthquake and Tsunz uTiding
Codes and Guidelines

- R
= W

Guidelines for Design
of Structures for Vertical
Evacuation from Tsunamis

FEMA P646 / June 2008

8/ FEMA @



CARIBE WAVE LANTEX 2011, March 23, 2011

* Tsunami generated by a magnitude @ 7.5 earthquake in the US
Virgin Island Basin (similar to the 1867 VI EQ and Tsunami)

20+
- -
156 -\
- 0
W
10+
280 285 200 295

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

260" 270° 280° 290°
T

6.00
475
3.50
3.00
250
2,00
1.50
1.00
—10.50
—0.10
—0.05

—0.04

—0.03

Estimated times of initial tsunami arrival:

Christiansted, U.5. Virgin |s
Viegues |g,. Puerto Rico

Limetree Bay, U.S. Virgin Is.
Lameshur Bay. U.S. \irgin Islands
Culehra, Puerto Rico

IMonalsland, Puerto Rico

Wirgin Gorda, British Virgin Islands
IMagueyes Island, Puerto Rico
San Juan, Puerto Rico

260° 270° 280° 290°

300° 310° 320°

0911 AST MAR 23
0911 AST MAR 23
0919 AST MAR 23
0921 AST MAR 23
0922 AST MAR 23
0837 AST MAR 23
0939 EDT MAR 23
0841 AST MAR 23
0843 AST MAR 23

[EIVET 2010 Jul 20 11:47:30 | TSUNAMI TRAVEL TIMES USING EPICENTER, @ = Past EQ, & = SL, ¥ = DART, * = CNTR, W = EXIST, + = GAP, 4 = PLAN, + = NON-OP

1311 UTC MAR 23
1311 UTC MAR 23
1319 UTC MAR 23
1321 UTC MAR 23
1322 UTC MAR 23
1337 UTC MAR 23
1339 UTC MAR 23
1341 UTC MAR 23
1345 UTC MAR 23



member....

* A tsunami is a series of waves — not one wave

* The first wave may not be the largest, might not be
receding

* Time between waves: 5 min to > 1 hour

* Hazard can continue for many hours

* Natural tsunami warning signs
Strong or long shaking from an earthquake
An unusual withdrawal of the sea
An unusual loud roar from the sea

* Tsunamis easily wrap around islands

* Can 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,
landslides




* NOAA NWS

ore information...

e (Caribbean Tsunami Warning Program, Tel. 787-833-8433,

christa.vonh@noaa.gov
* Puerto Rico Seismic Network

« PRTWMP with PR Tsunami Inundation Maps

UNESCO I0C Caribe EWS

Our'iWeork Seismicly Educston Tsumami Reseaech Links

Welcome

*this page is under construction®
RECENT SIGNIFICANT EARTHQUAKES

nitude ncy Local Time (GMT-4)
I3E PRSN  20M0OT-14 083405
361 PRSN 2010-07-13 19,46 22
JETMA  PRSN 010071205
4E3Md  PRSN 2010-07-07 1105 41
IS4 PRSH 2010-07.05 012039
46N PRSM 20100702 004447
3360 PRSN 2010-07-01 16 42 30

JEEMa PRSN 19 560 65385
IO PRSH 2000617 2044 59 18 451 55 884
J68M PRSN 3 £4.797
4534 PRSN 65439

Dl Tatie Tops sad Reisted Materist
Ky mere.

Cosrsas, Warkanaps and Canterantes
B mese .

WM‘:AWM:W
for U & mant coant, the ulf of Mo and
ha Caribhean

[
. CARIEEBEAN TSUMAMI HAZARD

Procesdings of the NSF Carlbbean Tsunaml Warkshop

‘o | San Juan, Beach Hotel, Puerto Rico 30 -31 March 2004

a ‘ edited by Aurelic Mercado-lrizarry (University of Puerto Rico, USA) &
3 Philip Liu {Cornell University, USA)

Thas baok s Lo i il thae o suwsling arm hazard in the
& region which is typically only sssocisted with hurricanes. It initislly presents an ovenview of all of th
exigting 1sunami-causing factors found in the region: eanhquakes, sub-aerial and submarine landslides, and
submanne explosons. This s followed by Seld endence of recent and pre-histens Eunami events, which
aives cradiility to all of this effort. The next saction is a description of the 12unami hazard mitigation eors
bemg camied oul lacally and in with mational and programs. The Sial part
dedicated 1o fhe pre tation of refated mecent irch nesults

August 28, 2008
TSUNAMI THE FORGOTTEN DANGER
VIDEQ DOCUMENTARY
NEW DVD VERSION AVAILABLE FOR DOWNLOAD!
The 1zunami docurnentary produced in Puerto Rico. This video incledes the history,
hirgaardss, fend probiectie missunes concernng banarms. Thi vwdieo wies prepand by
JAM Media (San Juan, P.R.) and i hag been freely distibuted to many schoals,
guerrmiental and prrval To abitain cogiies of e dacurmentary (VHE ar DV
contact the Puero Hico Sesmic Netwark Telidfonos 787 8338433, 75766 6452

Theee LD quality versions svailable for download, On IE night button click on image and select “Save Target
Az Waming: This ane very large filaz! Droadband (D30 or Cable Intemet) recommended. i you're on diakup
use 3 downlosd manager.

West Coast and Alaska Tsunami Warning Cente:
be st Ev

+8 . To

I uwan eara is
S e 47

The NS operates two Tsunami Warning Centers and
the International Tsunami Information Center

VWest Coast/ Alaska Tsunami Warning Center
[WCIATWC)

n coastal provinoes, Puerto Rico, and the
Virgin |slands.

Richard H. Hagemeyer Facific Tsunami Warning
Center (FTWC)

The PTWC provides tsunamil waming guidancs for Hawall and
couniries In e Pacific Cosan, Indlan Ooean, and Caribean 523

Internatienal Tsunami Infermation Center [ITIC]

Operzed by e NIVE 07 Benal ot e imergouermentzl
Ooeanographis Sommisslon of U =] IS supports T
& 0N T2 coondinaiion of

t5unEmI warning 200 MRIGEoN systems globally. The MIC
proviaes difect SUpPom 10 Member Siztes I e Pacic by

WONROMING and NECOMMENGING OpETERIoNal IMprovEmEnts 1 e
Tsunaml Waming System in the Pacic. and oy woring
SoUTries 10 TEase teuneml awareness 2 pregansdness, and
promiis edusation and reseanch

Is your community prepared for the next destructive tsunami?

[l TeunzmiReady Program

A program o=skgned 1or recogniion for Communiies TSt Rae met
y 3 3 g
T&lll'lﬂm”ﬂl“ wgertaln standards of tsunam preparedness

Welcome 10 the LINESCO/10C global sunsasl websile,
B A1 resemrn for il tunmssi-related information

0 and has

oar wamngs for ther area
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2004-Tailandia

2010

R 2010 k(aiti

Thank you



