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A Little History of ...




Challenges for the Hazard Assessment

- |t has to cover a very large domain
4300 km of coast, plus several Pacific Islands and Archipelagos

Well exposed to tsunamis in the Pacific, though most of the time we are the
culprits

Catalog is huge
High computational cost ?

- It has to consider a wide range of tsunami behaviors
Large first arrivals ( PTHA? )
Large late arrivals ( PTHA?)
Long lasting activity
Multiple inundation phases ( PTHA? )
Landslides ?
Energy funneling (fjords, estuaries, bays)
Energy trapping (resonance, edge waves)



Amenaza, Peligro

« Evolucidn desde

modelos deterministas

- Recurrencia

- |ncertidumbre

« Cuales son nuestros

objetivos

2015 V1
2022 \V2?

Guia para la Estimacion
de Peligro de Tsunami

Proyecto de Investigacion para el Mejoramiento de
Tecnologia para desarrollar una Comunidad Resiliente
ante los Tsunamis (Proyecto SATREPS Tsunami)
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What we know now (12 years and several tsunamis in between)

- The tsunamis
- Large variability of Tsunami Intensity Metrics among events
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What we know now (12 years and several tsunamis in between)
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- The tsunamis

- Very different behavior even
for the same event among
neighboring locations o
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Contexto - Las Preguntas Clave

se producira el siguiente

Dénde
terremoto

sera el terremoto?
Magnitud, distribucion de deslizamiento

Generara un tsunami ?

sera el tsunami?
Donde puede ser peligroso?

Coémo

BCSH






¢Estamos listos?
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Partes y piezas

Condiciones Iniciales: Condiciones de Borde

Interevento

Condiciones Iniciales: @ El modelo numérico
Intraevento

La integracion

El modelo de generacion



Partes y piezas

Condiciones Iniciales:
Intraevento

El modelo de generacion




Condicion Inicial: EQ Subduccion : Inter variabilidad

- Mucho aprendizaje
@ Complejidady rol de la fuente
® Catalogos mas completos
® Modelos simples ya Nno se usan “tanto _




What we know now (12 years and several tsunamis in between

~1 ADVANCING
AGU 100 . | r—
Geophysical Research Letters

RESEARCH LETTER What Can We Do to Forecast Tsunami Hazards in the Near Field
10.1029/20186L076998 Given Large Epistemic Uncertainty in Rapid Seismic

Key Points: Source Inversions?

« We provide an empirical assessment

of the variability of finite fault o 5 . . .
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in Table S2.



Initial Condition: “Un"” evento

&‘i

- Asumiendo se puede modelar el terremoto..hay que tomar
otras decisiones
@® COmo modelar la Interface

® Slab 1.0, 2.0, Aproximado
® Qué modulos de corte 30 GPa

@ Limite inferior de la zona de generacion
® (Berryman et al, m 2015)

® Largos de Correlacion
® Qué leyes de escalamiento
® Se limita el maximo slip?

® Goda, Davies, Lavalle, Hayes?



Partes y piezas

Condiciones Iniciales:
Interevento

Condiciones Iniciales:
Intraevento

El modelo de generacion



Zonificacion: Recurrencia de largo plazo
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Modeling: Tsunami HySEA (Macias et al., 2017)
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Modeling: Tsunami HySEA (Macias et al., 2017)
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Condiciones Iniciales: La variabilidad de largo plazo‘.‘

¢

- Como incluirla a bajo costo
® FAUS was the preferred model of choice (VAUS is tempting)

® HS full swing

®

®©® ®©® ® ® ®

Long Term

Karhunen-Loeve (Leveque et al., 2016)
Cholesky-expansion (*,Crempien et al., 2020)
(there are others....)

Emergency

Phase Variation (*, unpublished)



Partes y piezas

Condiciones Iniciales: Condiciones de Borde
Interevento

Condiciones Iniciales:
Intraevento

El modelo de generacidn



What we know now (12 years and several tsunamis in between)

- (Causes: Resonance, Edge Waves, Bathymetric control
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Comportamiento varia mucho
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Condiciones de Borde: Topobatimetria

(22}

(4]
T

- (Calidad de la batimetria
® Sepulveda et al, 2020

® Qué usar? DEM, DTM

Flow detph, m
N w IS

-
T

® Gibbons et al, 2021, Kaiser et

al, 207, Gayer et al, 2010 Nl
® COMo modelar la
friccion,
® CRM, ERM, DEM
® Mareas? U
- RSLR: ‘g .
- Largo plazo



Partes y piezas

Condiciones Iniciales: Condiciones de Borde
Interevento
Condiciones Iniciales: El modelo numérico
Intraevento

El modelo de generacion



Rapidez

Tiempo
calculo

Precision

Facil
comprension




Modelo numeérico

- Dependencia en el modelo
® LSWE, NLSWE, Boussinesq

® Depedencia del Algoritmo

® Modelo en si mismo
® Resolucion de las celdas
® Capacidad de modelar corrientes
® Cuanto modelar



Partes y piezas

Condiciones Iniciales: Condiciones de Borde
Interevento

Condiciones Iniciales: El modelo numérico

Intraevento

El modelo de generacion La integracion



La integracion

- Qué fuentes

® Locales, regionales,
telesismicas

® QUé procesos

® subduction,
deslizamientos, volcanes

® Cuanto modelar?
® [odo, SROM, etc.

- Qué queremos modelar
® ¢Alturg, corrientes?
@ ¢Para qué?
@ Vidas
@ Evacuacion
® Infraestructura



VALPARAISO-VINA

una historia dificil

(11 Jiwj



¢ PUEDEN HABER TSUNAMIS EN
VALPARAISO?

(11 @/\



Un caso: Valparaiso 1906

- Un terremoto que causdé mucho dano en la ciudad puerto
de Valparaiso, y fue considerado por mucho tiempo el
terremoto mas grande que ha afectado dicha zona

- No generd un tsunami que causara dano!



Ejemplo: Valparaiso 1906

RESEARCH ARTICLE

10.1002/2016)8013269

Way Points:

« Farfedd tsunami ampliitudes gauged
in Japan provide both magaitude and
source depth conatraints on the
Chilean 1906 and 1922 canthquakes

= Peak tiunami amplitudes in pan
scale consistently with the moment
magnitude for Chilean eanthauakes
that ocowr at typical source depths

« Whille the 1922 tsunami amplitudes in
Japan indicate a typical wousce depth,
those for 1906 point 1o 2 deeper than
avetage souace

@QAGUPUBLICATIONS m

Journal of Geophysical Research: Solid Earth

Reexamination of the magnitudes for the 1906

and 1922 Chilean earthquakes using Japanese

tsunami amplitudes: Implications for source

depth constraints

M. Carvajal’ *, M. Cisternas’, A. Gubler™, P. A. Catalén™** |, P. Winckler®, and R. L. Wesson’

'Programa Magister en Oceanografia, Escuels de Cencias del Mar, Pontificia Universidad Catdiica de Valparaiso, Valparaiso,
Chile, *Escuela de Clenclas del Mar, Pontificla Universidad Catdlica de Valparalso, Valparalso, Chile, "Departamento de Obras
Civiles, Universicad Téonica Federico Santa Maria, Valparaiso, Chile, “Centro Nacional de rvestigacidn para b Gestidn
Integrada de Desastres Naturales, COGIDEN, Santlago, Chile, "Basal Project F8021, Centro Clentifico Tecnoldgko de
Valparaiio, Valparaiso, Chile, “Escuels de Ingenieria Civil Ocednica, Universidad de Valparaiso, Valparaiso, Chile, "US
Geological Survey, Denver, Colorado, USA

- Sabemos de otros tsunamis originados en Chile que
causaron dano en Japon

- Se puede inferir a partir de ellos




@AGU Journal of Geophysical Research: Solid Earth 10.1002/2016)8013269
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Instrumental Chilean earthquakes

Maximum tsunam: amglituda. cm
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18- Rongo Table 1. Regeession Results and Regressed Moment Magnitudes for the 1906 and 1922 Earthguakes”
1906 1922
Tsunami data analyzed a g & RMSE  H(cm) M, H fem) M,
Event-averaged amplitudes 27 679 097 on - 807 - 854
All amplitudes .09 706 083 026 - 817 857
Individual-site amplitudes
Hanasakd 124 662 097 013 - - &0
Kushiro 100 702 099 010 - - - -
Urakawa 108 703 096 017 - - - -
Tomakomal 126 682 098 012 - - - -
Muvoran 108 3 092 024 - - - -
Hakodate 106 702 097 015 24 817 - -
Hochinohe 102 693 098 012 - - - -
Ofunato 079 733 066 o - - - -
Ayukowa 114 692 098 012 18 800 65 863
Onahama 110 6954 095 018 - - - -
Mera 124 686 094 o - - - -
Aburatsubo . . - - 5 . 5 -
Omaezaki 112 696 098 010 - - -
Kushimoto 15 620 097 013 35 808 ) 853
Tosashimizu 119 650 098 on - . - -
Hososhima - - - - - - £ -
Aburatsu 154 639 098 013 . . . -
Mean 116 688 095 015 21 808 48 854
Maximum 154 733 099 024 35 817 N 863
Mirirnum 079 620 066 010 5 800 5 845
Standard deviation 0.9 030 0.08 0.04 13 009 27 0.09
'n-.wpmunmmnmmummmn’-uMmumdmw
FOCL-MRan-squace error. H (om) is the maximum tsunami crest-to-trough height recorded in Japan for the 1906 and 1922
earthquakes. M,, is the regressed moment magnitude for the 1506 and 1922 earthquakes. Mean, maximum, minimum,
and standard deviation are for individual sites only (shown in italic font).
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results showing data with bax plot diagrams. The black
of 1.26 and 6.8, respectively, represents the
between the kagacithm of the average of the maxi-
In Japan {cm) and the M,, of the parent earth-
Similarly, the oblique dashed line with nd

7.1, respectively, repeesents the best fit bne (R = 083)

Is performed on all the tsunami amplitudes plotted In
the 25th and 75th percentiles, respectively,



Valparaiso, reanalizado SARRINRER AT L

Journal of Geophysical Research: Solid Earth

RESEARCH ARTICLE  Source of the 1730 Chilean sarthquake from historical
IR0 records: Implications for the future tsunami
ooy . hazard on the ceast of Metropalitan Chile
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- Datos de inundacion historica en Penco

- Datos de inundacion paleotsunami en Quintero
- Datos de maredgrafos en Japdon

- Un estudiante motivado
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Kyoho 15 [1730]

El dia 25 del quinto mes [9 de
Julio] hubo karsho [tsunami] en los
distritos de Miyagi, Ojika, Monou y
Motoyoshi [todos en |la actual
prefectura de Miyagi]. Destruyo
cercas y danod arrozales y cullivos.

En: Tohan-shikou (Historia del
Clan del Este)






Y....QUE PODRIA PASAR?




Ejemplo: Tsunami:
Incorporating arrival time

Flow depth maxima (dm) [m]

T T T T

Vifia del Mar

-33.01 | Pacific ocean

-33.02

-33.03

-33.04

-71.6 -71.58 -71.56

-33.05 & Max=393 |

-71.54

P,.d

95 "m 'PS dm [m]

-33.01 |
-33.02 pry
-33.03 |

-33.04 1

-33.05 | Valparaiso | . . . . ]
7162  -71.6  -7158  -7156  -71.54

Minimum Arrival Time (ta) [min]

-33.01

-33.02

-33.03

-33.04

-33.05 | Valparaiso |
-71.62 -71.6

-71.58 -71.56

20

40

-33.01

-33.02

-33.03

-33.04

-33.05

-33.01

-33.02

-33.03

-33.04

-33.05

-33.01

-33.02

-33.03

-33.04

-33.05

',‘ frontiers

Microzoning Tsunami Hazard Assessments
by Combining Flow Depths and Arrival Times

Natalia Zamora ' *, Patricio A. Catalan ':>%, Alejandra Gubler "> and Matias
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Is simpler better?

- Two-criteria:
- flow depth

e arrival time

- Ej: 2800 scenarios
modeled with HySea
with magnitudes
3,6-9,2
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{Estamos en condiciones de lanzarnos?
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Resumen

- Hemos avanzado mucho en apenas 10 anos

- Pero el progreso vy aplicacion de las herramientas
desarrolladas debe ser cauto, reconociendo que aun hay
mucha incertidumbre
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Puertos...el problema de las corrientes

\

Playbook Plan A
(based on 2010 M8.8 Chile
Event at 10m resolution)

N NN

Playbook Plan D

Chile scenario at 10m
resolution)

RELATIONSHIP BETWEEN TSUNAMI CURRENT
SPEED AND HARBOR DAMAGE: Analysis of
recent tsunami damage indicates a relationship
between current speed and harbor damage.
The Damage Index to the right has been used
in the analysis to determine the following
relationship (see color codes here and on
maps):

CURRENTS = DAMAGE

0-3 knots = No Damage

3-6 knots = Minor/Moderate Damage

6-9 knots = Moderate/Major Damage
>9 knots = Major/Complete Damage

TN N BRSVIPR

Playbook Plan E
(based on M9.2 Alaska-
Aleutians scenario at 10m

Damage

Damage Type:
Index:

no damage

small buoys moved

Moderate dock/boat damage,

mid-sized vessels off moorings

00 01 02 03 04 0f
= —— ]

_
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pero...

Inter-Model Relative Standard Deviation
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Fig. 9. Summary of inter-model spatial statistics. Top left (a): inter-model mean of predicted maximum speed in m/s as taken from the 5-m resolution runs. Bottom left 4
(b): inter-model standard deviation of predicted maximum speed in m/s as taken from the 5-m resolution runs. Right column: inter-model standard deviation of predicted-
maximum speed scaled by model-mean maximum speed as taken from the 5-m resolution runs (c), 10-m resolution runs (d), and 20-m resolution runs (e).



problemass,

Es lo que crees es cierto,

y resulta no serlo”




