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Tsunami Forecast:
use models to predict site-specific impact




Forecast Challenge 1:

Can models reproduce details of
tsunami impact?

Can models provide useful timely forecast?




Tsunami Modeling Stages

Generation Propagation Inundation




Model Sources

Andreanof Islands

Seismic source
Junel0, 1996
Andreanov Island tsunami
Source Parameters:
Mw 7.9
Length 140km
Width 70km
Strike 260
Dip
Rake
Slip

Landslide source
1998 Papua New Guinea tsunami
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Propagation model testing

Numerical model results for the Andreanov tsunami’
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June 10, 1996 Andreanov tsunami
Simulation (MOST model)
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Inundation model

Simulation of the Aonae
inundation

(1993 Okushiri tsunami)
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MOST Validation

Solitary wave runup on plain beach H/d = 0.04
Titov, V.V,, and Synolakis, C.E., 1998, Numerical modeling of tidal wave runup. Journal of
Waterway, Port, Ocean and Coastal Engineering, 124 4), 157 — 171.
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MOST wvalidation

Catalina Workshop Benchmarks (Liu et al., 2006)

Wave tank experiment MOST model




MOST wvalidation

Catalina Workshop Benchmarks (Liu et al., 2006)

Wave tank experiment MOST model




MOST wvalidation

Catalina Workshop Benchmarks (Liu et al., 2006)

Wae tank eperiment MOST model




MOST wvalidation

Catalina Workshop Benchmarks (Liu et al., 2006)
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Wae tank experiment MOST model




MOST wvalidation

Okushiri simulation compared with field data

Fo g+

. !|Data labels: .. |Topography contours:
A stereodata L]/ 40m A
+ model results .7 |—— numerical shoreline|
© field observations| ' . [—— stereo shoreline
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- Forecast Challenge 2

Can models provide useful timely .
forecast?




Tsunami Forecasting

Short-Term

. (Real-time, during the event)

Tsunami Forecasting |
|

|
|

y Figure 2
Epicenter - June 10, 1996 .
g Andreanov earthquake:

<k

~ Figure 1

t=4 hr 42 min

Long-Term
(Community inundation maps)

Maximum Inundation Depth Maximum Current Speed

Zones 5 Zones

None ‘ [ ] None
[ ]Low (0-0.5m) [ ] Low (0 - 1.5 m/s)
[_| Medium (0.5 -2 m) [ High (1.5 - 30 m/s
[ High (>2 m) : .
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Tsunami Inundation Mapping

Apply: Produce:

High-resolution model Tsunami inundation maps
deterministic worst-case scenario Evacuation maps

Gold Beach Tsuvnaml Evacuatlo\n Map

Ocaensids X
" GOLD BEACH |
‘Z /

LEGEND

‘:l Evacuation Zone
l__:> Evacuation Route




Modeling for Mapping

Long Beach, Washington - Modeling Grids
B

Time since EQ = 00:00:00

Meters
-3000 - -2000
-2000 - -1000
-1000 - -500
-500 - -100
-100 - -50
-50 - -25
25-0
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Scientific Products:

Maximum Inundation Depth Zones

Zones
None
Low (0 -0.5 m)
Medium (0.5 -2 m)
9 High (>2 m)

Projection: State Plane Coordinate System
Zone: 5626 (Washington South)

XY Units: feet

Horizontal Datum: NAD27

Vertical Datum: Mean High Water

3000 3000 6000 9000 Meters
D e ———

NOAA TIME Center

2002 Seattle Tsunami Inundation Modeling Project Paoiflo Marine Environmental Laboratory
Seattle, Washington 13

Maximum Current Speeds

metersfsecond
0

0-

Projection: State Plane Coordinate System
Zone: 5626 (Washington South)

XY Units: feet

Horizontal Datum: NAD27

Vertical Datum: Mean High Water

3000 3000 6000 9000 Meters

NOAA TIME Genter

2002 Seattle Tsunami Inundation Modeling Project Pacific Marine Enviranmental Laboratary
Seatile, Washington 1
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otate Products: Inundation Map

Tsunami Hazard Map of the Elliott Bay Area, Seattle, Washington:
Modeled Tsunami Inundation from a Seattle Fault Earthquake
by

Timothy J. Walsh', Vasily V. Titov’, Angie J. Venturato’, Harold O. Mofjeld’, and Frank I. Gonzalez
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Forecast

1

hours after earthquake (06:43:07 UTC, November 17, 2003
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High-resolution model

Regional grid

Port Vila grid

N e R Y

t =20min

Port Vila, Vanuatu. Hypothetical Mw8.1 tsunami
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Sumatra 2004:
Propagation model

MOST model, 2004 Sumatra tsunami global propagation .




Sumatra 2004
Inundation Model

MOST model, 2004 Sumatra tsunami at Banda Aceh Maximum computed inundation
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Challenge 3: Source definition

- Junel0, 1996
Andreanov Island tsunami

: Source Parameters:
MW 7.9 Andreanof Islandsr:_

Length 140km Ra=
. Width  70km

: Strike 260

. Dip 20

Rake 108

Slip 2m




source Sensitivity Study
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source Sensitivity Study

Titov, V. V., H.O. Mofjeld, E.I. Gonzélez and J.C. Newman, 1999, Offshore
i forecasting of Alaska-Aleutian Subduction Zone tsunamis in Hawaii, NOAA
i Tech. Memo. ERL PMEL-114, 22pp.

The sensitivity study for AASZ earthquake demonstrates that the offshore

i tsunami characteristics weakly depend on STRIKE, DIP, SLIP and SIZE (if the

i Moment kept constant by adjusting slip amount). Hence, the leading tsunami

i waves generated by AASZ earthquakes are characterized in the far field mainly

by_earthquake magnitude and location.




Forecast Methodology

Linear propagation database
Linear combinations model arbitrary source
Source correction using DART

Inundation estimates with non-linear model
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Propagation Model Database

Front aerial view of Aleutian Islands

Unit Sources:

¢ 100km x 50km
faults

*Placed along
subduction zones
and known
tsunamigenic faults

e Aligned to fit
known fault

L ] geometries




DART LOCATIONS - CONCEPTUAL PLAN
(As of April 17, 2006)
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otand-by Inundation Model

SIM development

Reference Model

Use best available bathy-topo
data. Identification of vital
assets within the fine
resolution inundation grid.
Major population centers.
Vital Infrastructure: Roads,
Airports, Hospitals....

A. Resolution: 36" x 36~ B. Resolution: 6” X 6”

2355 2356 2357 2358 2359 236 23641 236.04 236.06 236.08




Optimize for speed

Monitor Speed vs. Accuracy by comparison with Reference Run.
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Reference vs Optimized

Comparison of the Reference Model (5.2 hours) and SIM (10 mins)

Time since EQ = 03:35:0 Time since EQ = 03:30:13

23604 23605 23606 23607 23608 23609 2361 23603 23604 23605 23606 23607 23608 23600 2364
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NOAA Tsunami Forecast Modeling and Mapping

B@E

|E’Dutch Harbor

Inundation Model sites
®  FYO0S5 completed
®  FY06 completed
®  FYO07 in progress
FYO08+ planned

NawiliwiliIl' Haleiwzk S
ahului

Pearl Harbo

Honolulu

Hilo

- [

Yakutat
(o]

FY05-09 Strategy
. Develop 75 Forecast Models

-High-population areas
-100 km coastal areas
-Multiple embedded Inundation Models

. Use Forecast Models for
-Inundation Modeling Studies
-Inundation Mapping

Criteria for Prioritization
1. Population at risk (In progress)

2. Bathy/Topo Data (In progress)

- Availability

- Quality
3. Special Considerations

- Political, technical, etc.

FY10 + Plan

1. Maintenance Plan for 74 Models
2. Cover remaining low-population
areas

Port Angeles
Neah Bay I?_l

Toke Point
Seaside

Newport [ g]

Crescent City

San Francisco E’

Port San Luisl_?_l

&

San Pedro II'
San Diego




NOAA Tsunami Forecast Modeling and Mapping
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FY05-09 Strategy
1. Develop 75 Forecast Models

-High-population areas
-100 km coastal areas

BE] Cape Hatteras -Multiple embedded Inundation Models

9 2. Use Forecast Models for
E’ Myrtle Beach -Inundation Modeling Studies
-Inundation Mapping
[#] Criteria for Prioritization
1. Population at risk (In progress)

2. Bathy/Topo Data (In progress)
- Availability

*
*
*
*
-
*
*

®
i
E un - Quality
El u 3. Special Considerations
n - Political, technical, etc.
#] FY10 + Plan
1. Maintenance Plan for 74 Models

2. Cover remaining low-population
Inundation Model sites areas

®  FY08+ planned
FYO05 completed

FY06 completed
San Juan

FYO07 in progress
Mayaguez B‘S %




Propagation Model Database

Uri ten Brink et al.

| recmute tsunami popagation scenarios for 182
“Unit sources”




“Unit sources” for Pacific and Atlantic
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Propagation Model Database

&

| *
* ﬂWdTONGAMU‘# ?6
L |

1
I
183

*
.
-
*
-
-
*
-
*
-
*
*
*
*
*
*
-
*
+
*
-
*
-
-
-
*
*
-
-
-
-
"

2(_')0 ' _360
At Niue tide gage
Forecast: 36.6 cm
Observed: 42 cm.
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May 3, 2006 Tonga tsunami test
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Tonga Tsunami Forecast

Short—term Inundation Forecasting for Tsunami [(SIFT)

Maxirmum ‘Wave Crest Height{cm) & First Wave Travel Timel(hrs)
source: Mew Zealand—Kermades—Tonga Mw 7.8, 2.51+a2%
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Tonga Tsunami Forecast

Test Event Creation

000 00001-01_02 Event ID: 00001-01 (OOXX-XX)

File Edit Window Help

Latitude: -19.916 (-90 to +90)

G
Longitude: 185.66 (0 to +360)

J First Estimate | Composite Estimate

Year: 2006-05-03 15:26:39 ) (yyyy-MM-dd hh:mm:ss) UTC

2)

Magnitude: 8.1 (M XX)

( Submit Event )

@® % Magnitude or ) Slip
8.10 |Mw 1.0 |m

MName % Mag Slip
ntszaso0 0.50 3.96

ntszaz9 0.50 3.96

Maximum Wave Height {cm)

Arrival Time QJTC) = Local Time Amplitude cm) Location

Event Time: 15:26:39 UTC 03 May 2006 Elapsed Time: 166:30 Event |D: 00001-01 Magnitude: 8.1 Location: 185.7,-19.9



Data assimilation test

©  DART-Il inversion
©  DART-ETD inversion
O joint inversion
95% confidence interval
T T

5 55

CresentGity

1597

LosAngeles

elev. [cm]

——DARTII
slip=8.44m (Mw8.1)
= = =slip=4.89m(Mw8.0)
T T

45 5 55

=)

4 b addos g
W TR T orir

elev. [cm]

——— DARTETD

slip=8.44m (Mw8.1)

- - -slp=489m(Mw8.0)
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|
14
©
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45 5 55 6 6.5 7
time [hour after earthquake]
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Forecast models test

=) y HAWAIIAN ISLANDS
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Forecast models test

scattering relection scattering
Emperor Aleutian Challenger
13h|12m 15h0m 16h?3m

) scattering & reflection ) reflectibn scattering scattering
Elev. [cm] Polynesie Francaise . North America | E. Pacific Rise SALAY G. Ridge
50 ) 15h?0m I : : 22|h39m
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25
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6 7 24

51—
(b.2) Crelscent City |'I'ide Gage|
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6 7 8 15
Time, hour after the earthquake
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