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26 26 DecDec 2004 Sumatra 2004 Sumatra MegaMega--disasterdisaster ((TitovTitov MOST Model)MOST Model)
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Banda Banda AcehAceh, Sumatra, Sumatra
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WorstWorst tsunami tsunami 
destruction destruction 

waswas not not 
videotapedvideotaped..

Digital GlobeDigital Globe
QuickbirdQuickbird

Satellite PhotosSatellite Photos



J. Borrero, Tsunami Effects, Banda J. Borrero, Tsunami Effects, Banda AcehAceh

Credit:
Dr. Jose Borrero
USC,USA
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26 26 DecDec 04 Tsunami Simulation      04 Tsunami Simulation      (V. (V. TitovTitov, D. , D. ArcasArcas))
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TSUNAMIS … Inevitable, and “Born of Fire”



DefinitionDefinition

A tsunami is a series of long water waves A tsunami is a series of long water waves 
generated when water is displaced generated when water is displaced 
by an impulsive geophysical event.by an impulsive geophysical event.

Sources:  Earthquakes, Landslides, Sources:  Earthquakes, Landslides, 
Volcanoes, Meteors, Volcanoes, Meteors, ……



Frank González - NOAA/PMEL, Seattle, WA

1. Interseismic Period:
10's - 100's of years
between earthquakes

2. Coseismic Period: 
A few minutes of
Earthquake Rupture

(Courtesy, Geological Survey of Canada)

Subduction Zone Earthquake Cycle



Ten Destructive Tsunamis Since 1990
Killed More than 4,000
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NorthwestNorthwest Tsunami Tsunami HazardsHazards
‘‘‘‘ LocalLocal’’’’ SourcesSources (Warning ~ 5(Warning ~ 5--30 minutes)30 minutes)

1.  1.  CascadiaCascadia Subduction ZoneSubduction Zone
•• M ~ 9M ~ 9
•• Centuries Centuries recurrencerecurrence timestimes

2.  Puget 2.  Puget SoundSound FaultsFaults
•• M ~ 7.6M ~ 7.6
•• MilleniaMillenia recurrencerecurrence timestimes ??

‘‘‘‘DistantDistant’’’’ SourcesSources (Warning ~ 1(Warning ~ 1--4 4 hourshours))

3.  3.  AlaskaAlaska--AleutianAleutian Subduction ZoneSubduction Zone
•• M ~ 8 +M ~ 8 +
•• DecadesDecades recurrencerecurrence timestimes



CascadiaCascadia Subduction ZoneSubduction Zone



Cascadia

1000 km

Sumatra/CascadiaSumatra/Cascadia

Sumatra

1000 km

Credit: Lori Dengler



Tsunami Tsunami StatisticsStatistics by by OceanOcean

51 (7%)51 (7%)21 (9%)21 (9%)AtlanticAtlantic
687 (100%)687 (100%)239 (100%)239 (100%)TotalTotal

32 (5%)32 (5%)8 (3%)8 (3%)IndianIndian
604 (88%)604 (88%)210 (88%)210 (88%)PacificPacific

All All 
TsunamisTsunamis

Significant Significant 
TsunamisTsunamisOceanOcean

•• 1900 1900 -- PresentPresent
•• Significant tsunamis defined asSignificant tsunamis defined as

-- High Validity IndexHigh Validity Index
-- > 1 m height> 1 m height

Analysis by Paul Whitmore, West Coast and Alaska Tsunami WarningAnalysis by Paul Whitmore, West Coast and Alaska Tsunami Warning CenterCenter
Data from NOAA/National Geophysical Data Center Historical TsunaData from NOAA/National Geophysical Data Center Historical Tsunami Databasemi Database



N. N. CaribbeanCaribbean
EqEq/Tsu Events/Tsu Events

GrindleyGrindley, et al., , et al., 
EOS, 3/22/05.EOS, 3/22/05.
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28 March 2005 Sumatra 8.728 March 2005 Sumatra 8.7



McCloskeyMcCloskey, , 
et al., et al., 

NATURE, NATURE, 
17 March 17 March 

20052005



28 March 200528 March 2005



USGS USGS 
‘‘‘‘FeltFelt

ReportsReports’’’’



12 foot tsunami 12 foot tsunami 
wave reported at wave reported at 

GusongGusong Bay, Bay, 
SimeulueSimeulue Island Island 
by Brian Willy by Brian Willy 

(resident)(resident)Gusong Bay, Simeulue Island

3 tsunami waves reported at 3 tsunami waves reported at 
GusongGusong Bay, Bay, SimeulueSimeulue

IslandIsland

West Sumatra International West Sumatra International 
Tsunami Survey Team will arrive Tsunami Survey Team will arrive 
at at NiasNias at approximately 2300 31 at approximately 2300 31 

March UTCMarch UTC

20050328 20050328 
Sumatra Sumatra 

Summary Summary 
MapsMaps



GusongGusong BayBay, , SimeuleSimeule -- UpliftUplift.  New .  New BeachBeach



Subsidence of Subsidence of 
SarangbaungSarangbaung, , 

IndonesiaIndonesia

SarangbaungSarangbaung subsided 1.65 meters during the 28 March 2005 subsided 1.65 meters during the 28 March 2005 
earthquake. Etienne Kingsley (USGS contractor) and earthquake. Etienne Kingsley (USGS contractor) and GegarGegar PrasetyaPrasetya
(Tsunami Research Center/Coastal Dynamic Research Center (Tsunami Research Center/Coastal Dynamic Research Center -- BPPT) BPPT) 
are standing at the high tide line prior to the 28 March are standing at the high tide line prior to the 28 March earthauakeearthauake. . 
Subsidence is fairly consistent around the island. The 28 March Subsidence is fairly consistent around the island. The 28 March 
earthquake produced a 1 meter tsunami that inundated ~200 m inlaearthquake produced a 1 meter tsunami that inundated ~200 m inland. nd. 



ChenChen JiJi, , CalTechCalTech & USGS Slip Model& USGS Slip Model



DisplacemenDisplacemen



State Agencies
Alaska  California  Hawaii 

Oregon  Washington

Federal Agencies
• National Oceanic and

Atmospheric Admin.
• U.S. Geological Survey
• Federal Emergency

Management Agency

U.S. National Tsunami Hazard Mitigation Program
Reduce the Impact of Tsunamis on U.S. Coastal Communities

Frank González,  NOAA TIME Center, PMEL, Seattle, WA



GoalGoal
ReduceReduce FatalitiesFatalities throughthrough::

•• HazardHazard AssessmentAssessment
-- HistoricalHistorical andand prepre--historichistoric studiesstudies
-- ‘‘‘‘WhatWhat ifif’’’’ modelingmodeling studiesstudies

•• Education, Training, MitigationEducation, Training, Mitigation
-- Brochures, Brochures, signssigns, etc., etc.
-- CommunityCommunity workshops, meetingsworkshops, meetings

•• Tsunami Warning SystemTsunami Warning System
-- Tsunami Tsunami ForecastingForecasting SystemSystem

RealReal--time time MeasurementsMeasurements
ForecastForecast ModelingModeling



•• HazardHazard AssessmentAssessment
Seattle Fault Tsunami, ~ 900 

A.D.

QuickTime™ and a
Sorenson Video 3 decompressor
are needed to see this picture.



• Education, Training, Mitigation•• Education, Training, MitigationEducation, Training, Mitigation



Rockaway Beach Evacuation Map



•• Tsunami Warning SystemTsunami Warning System
TWS = Seismic + Tide Gage NetsTWS = Seismic + Tide Gage Nets
Problems:Problems:
•• Seismometers do not measure Seismometers do not measure 

tsunamistsunamis
•• Tide Gages IN community,Tide Gages IN community,

NOT BETWEEN source  andNOT BETWEEN source  and
communitycommunity



+
By Combining

Short-term Inundation Forecasting for Tsunamis

Real-time Tsunami & Seismic Data Model Simulations Database

For Site-specific Forecasts



AnimationAnimation

DART ConceptDART ConceptDART Concept

BPR measures small changes in BPR measures small changes in 
pressure at the seafloor.  Data pressure at the seafloor.  Data 
sent acoustically to surface sent acoustically to surface 
buoy, then via satellite to the buoy, then via satellite to the 
Warning Centers. Warning Centers. 

Normal transmissionsNormal transmissions:  Hourly :  Hourly 
reporting of 15 minute data to reporting of 15 minute data to 
confirm system readiness. confirm system readiness. 

Two Event ModesTwo Event Modes::

-- AutomaticAutomatic:  Triggered by :  Triggered by 
seismic or tsunami waveseismic or tsunami wave

-- RequestRequest:  Warning Center :  Warning Center 
triggers data streamtriggers data stream



DART SYSTEM ANIMATION



JASONJASON--1 Altimeter 1 Altimeter 
Comparison with Comparison with 
Tsunami Model Tsunami Model 

NOAA NOAA 

Laboratory for Laboratory for 
Satellite Altimetry:Satellite Altimetry:

RemkoRemko ScharrooScharroo
Walter H. F. SmithWalter H. F. Smith

Pac. Mar. Pac. Mar. EnvEnv. Lab.. Lab.
Vasily TitovVasily Titov



Tsunami ForecastingTsunami Forecasting
Measurement RequirementsMeasurement Requirements

1.1. Measurement type  Measurement type  -- tsunami amplitude over tsunami amplitude over 
time for input into forecast modelstime for input into forecast models

2.2. Measurement accuracy  Measurement accuracy  -- 0.5 cm0.5 cm
3.3. Measurement sample rate Measurement sample rate –– 1 min or less1 min or less
4.4. Measurement processing Measurement processing –– within 2 minwithin 2 min
5.5. Measurement availability Measurement availability –– within 5 minutes within 5 minutes 

to assimilate into forecast modelsto assimilate into forecast models



How many How many 
tsunameterstsunameters are are 

needed ?needed ?

•• At least 3 measurements on At least 3 measurements on 
main beammain beam

•• 9000 km ~ length of Pacific 9000 km ~ length of Pacific 
tsunamigenic zonestsunamigenic zones

•• Number of Number of tsunameterstsunameters
~ 15 for 45~ 15 for 45--min TTmin TT
~ 25 for 30~ 25 for 30--min TTmin TT
~ 50 for 15~ 50 for 15--min TTmin TT

•• More required for M < 8More required for M < 8

Frank I. GonzFrank I. Gonzáález, NOAA/PMEL, Seattle, WA, USAlez, NOAA/PMEL, Seattle, WA, USA



NOAA Tsunami Forecasting System



Frank González - NOAA/PMEL, Seattle, WA

DART Deployments in AASZ - October 1999



Operational Tsunami ForecastingOperational Tsunami Forecasting

•• Essential to Improve Warning Speed and ReliabilityEssential to Improve Warning Speed and Reliability

•• Vast Ocean Areas with Vast Ocean Areas with No Tsunami MeasurementsNo Tsunami Measurements

•• Must Integrate RealMust Integrate Real--time time MeasurementMeasurement and and ModelingModeling
-- Measurement:Measurement: NOAA DART NetworkNOAA DART Network
-- Modeling:Modeling: NOAA Tsunami Forecast ModelNOAA Tsunami Forecast Model



Operational Tsunami ForecastingOperational Tsunami Forecasting

•• Must Integrate RealMust Integrate Real--time Measurement and time Measurement and ModelingModeling
-- Measurement:Measurement: NOAA DART NetworkNOAA DART Network
-- Modeling:Modeling: NOAA Tsunami Forecast ModelNOAA Tsunami Forecast Model

•• RealReal--time Methodologiestime Methodologies
-- Inversion:Inversion: Force Model to Match RealForce Model to Match Real--time Datatime Data
-- Interpolation:Interpolation: Model Values for Areas with No DataModel Values for Areas with No Data
-- Forecast:Forecast: RealReal--time Inundation Simulationstime Inundation Simulations

•• International Modeling NetworkInternational Modeling Network
Transfer, Maintain, and Improve Tsunami Forecast ModelsTransfer, Maintain, and Improve Tsunami Forecast Models



International Modeling NetworkInternational Modeling Network
Transfer, Maintain, and Improve Tsunami Forecast ModelsTransfer, Maintain, and Improve Tsunami Forecast Models

Under DevelopmentUnder Development

Network Nodes Share:    Models, R&D Tools, Databases, Network Nodes Share:    Models, R&D Tools, Databases, ……



Example of Tsunami Forecast:       17 Nov 2003Example of Tsunami Forecast:       17 Nov 2003Example of Tsunami Forecast:       17 Nov 2003

Mw=7.5

3cm

-3
3cm

-3

Q:  How would you 
interpret these data ?

Q:  How would you 
interpret these data ?



3cm

-3
3cm

-3

Example of Tsunami Forecast:       17 Nov 2003Example of Tsunami Forecast:       17 Nov 2003Example of Tsunami Forecast:       17 Nov 2003

A:  Operational Forecast 
Model

A:  Operational Forecast 
Model

Q:  How would you 
interpret these data ?

Q:  How would you 
interpret these data ?



1.  Pre-computed Nested Grid Database 
of Offshore Values 
1.  Pre1.  Pre--computed Nested Grid Database computed Nested Grid Database 
of Offshore Values of Offshore Values 

2.  Provides Initial 
Conditions for Real-time 
Inundation Simulation 
(~10 Minutes)

2.  Provides Initial 2.  Provides Initial 
Conditions for RealConditions for Real--time time 
Inundation Simulation Inundation Simulation 
(~10 Minutes)(~10 Minutes)

QuickTime™ and a
Photo decompressor

are needed to see this picture.

•• Hilo Tide GageHilo Tide Gage



Result:  “Blind” Tsunami Forecast at HiloResult:  Result:  ““BlindBlind”” Tsunami Forecast at HiloTsunami Forecast at Hilo



SummarySummary

•• Sumatra Sumatra megamega--disasterdisaster a global a global wakewake--upup callcall

•• Tsunamis are Tsunamis are inevitableinevitable

•• U.S. U.S. acceleratingaccelerating Tsunami Tsunami PreparednessPreparedness effortsefforts
-- AssessmentAssessment
-- Education, Education, OutreachOutreach
-- Tsunami Tsunami ForecastingForecasting andand Warning SystemWarning System



ThanksThanks ……
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