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Background and Motivation 2
Minor event
Event with few data
Event with tsunami

Rupture length

• Damage in Chile and 
Japan due to the 2010 Seismic gap

Concepcion tsunami 
• Another Tsunami in the 

th t f Chilnorthern part of Chile 

Dichato struck by the 2010 Concepcion Tsunami
Photo courtesy of Felipe Labrana Vasouez

Courtesy of Patricio 
Winckler Grez
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• The 2010 Concepcion tsunami hit a modern area, the Port of 
Talcahuano, in which shipping containers were washed away 

d d i t th b th t iand drawn into the sea by the tsunami
This kind of tsunami damage would be caused in the northern 
part of Chile as well as Japan and other countriespart of Chile as well as Japan and other countries.

Photo: The International Federation of Red Cross and Red 
Crescent Societies
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• 20,000 dead and missing by the 2011 Tohoku tsunami in the 
Tohoku region, which is one of the areas that push most 
f d t i i Jforward tsunami measures in Japan. 

T h k (2011)Tohoku(2011)
Run-up and Inundation heights
Showa Sanriku (1933)

Meiji Sanriku (1896)Meiji Sanriku (1896)

The 2011 Tohoku Earthquake 
Tsunami Joint Survey Group 
(http://www.coastal.jp/ttjt/)
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• Many tsunami disasters in Chile and Japan
• Many experiences and lessons from the disastersMany experiences and lessons from the disasters

– Experience of the tsunami inundation due to the 1960 Valdivia 
earthquake promoted people’s evacuation in Dichato in 2010.

– Education of tsunamis promoted school children’s evacuation in 
Kamaishi in 2011.

• Collaboration and cooperation
– to develop and enhance measures to mitigate and/or control p g

tsunami disasters

• We want to make the world that no one would be killed by• We want to make the world that no one would be killed by 
tsunamis and community would be resistant and resilient 
to tsunamis.to tsunamis.
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PROJECT PURPOSE : To develop Technologies to Improve Communities and People in 
Chile, Japan and other countries to be Well-prepared and Resilient Against Tsunamis

Development of an educational method to create well prepared/resilient people

Group 4
Proposition of Programs to Create Well-Prepared/Resilient People/ Community

Development of a method to utilize ports and harbors in an emergency period

Development of an educational method to create well-prepared/resilient people, 
and fosterage of leaders for tsunami disaster mitigation in Chile

Investigation of a planning method for local government system to be functional after the disasters

D l t f d t b

Group 1
Development of 

Mathematical Methods

Group 2
Proposition of Tsunami 

Disaster Estimation Method 
and Mitigation Measures

Group 3
Development of Precise 

Tsunami Warning Method 
Development of  database 

of tsunami damage 

Development of 
mathematical  models

Development of guideline for 
tsunami disaster estimation 

Development of tsunami 
prediction method with 

data of seismometer and 
offshore tsunami-meterDamage estimation in Chile and 

g

g
Japan Development of 

information dissemination 
method

Improvement of 
structure design methods Proposal of

mitigation measures
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--- FORMATION  ---
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Port and Airport Research 
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Disaster 
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PURPOSE
To develop Technologies to Improve Communities andTo develop Technologies to Improve Communities and 
People in Chile, Japan and Other Countries to be Well-
prepared and Resilient Against Tsunamis

FORMATION
Group 4

(Yamaguchi U – UdeC)
Proposition of Programs to Create Well-Proposition of Programs to Create Well-
Prepared/Resilient People/ Community

Group 2Group 1
(PARI - PUC)

Development of 
M th ti l

Group 2
(Kansai U – UTFSM) 

Proposition of 
Tsunami Disaster 

Estimation Method

Group 3
(JAMSTEC – SHOA)

Development of 
P i T iMathematical 

Methods
Estimation Method 

and Mitigation 
Measures

Precise Tsunami 
Warning Method 
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Output
Mathematical simulation methods are developed toMathematical simulation methods are developed to 
estimate tsunami damage.

ActivitiesActivities
1. Mathematical simulation models are developed and improved 

to estimate tsunami damage accurately.
2. Databases on disasters by the 2010 Chilean earthquake 

tsunami and 2011 Japanese earthquake tsunami are 
constructed to understand and estimate disasters by possibleconstructed to understand and estimate disasters by possible 
tsunamis in the future.

3. Impacts of tsunamis are evaluated to improve planning and 
design methods for tsunami-disaster mitigation structures in 
view of the disasters by the 2010 Chilean earthquake tsunami 
and 2011 Japanese earthquake tsunami.and 2011 Japanese earthquake tsunami.
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Tsunami-debris

Talcahuano, 2010, Photo: AFP
Hachinohe, 2011, Photo: Tohoku 
Grain Terminal Co. Ltd. Kesen-numa, 2011, Photo: MLIT

S i f b d

-8m

Scouring of sea bed 

Kamaishi, 2011, Photo: PARI -15m

Wave deformation of tsunami

-10m

Hachinohe, 2011, Photo data: 
Googleearth

Kuji, 2011, Video: Kuji branch of Kamaishi Port Office
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• Tsunami inundation and runup, considering effects of 
rigid obstacles (seawall, RC buildings, etc)
– Detailed structure and building data as well as digital surface 

data, such as LIDAR data

Tsunami debris such as shipping containers ships• Tsunami debris such as shipping containers, ships, 
boats, automobiles, etc.
– e g PARI’s model of STOCe.g. PARI s model of STOC

• Scouring of sea bed
– e.g. Takahashi et al. (2000)g ( )

• Tsunami bore and/or breaking tsunami
– e.g., Iwase et al. (2001)

Tsunami 
overflowing

S i f

a structure

Scouring of 
foundation
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Ex. Tsunami inundation and debris calculation with the model of STOC and 
data of structures and houses



13G2  Proposition of Tsunami Disaster Estimation 
Method and Mitigation MeasuresMethod and Mitigation Measures

OutputOutput
Tsunami disaster estimation methods and mitigation 
measures are proposed.p p

Activities
1. Tsunami damage in the project study area is estimated for su a da age e p ojec s udy a ea s es a ed o

possible tsunamis generated off the coast in Chile in the future.
2. A guideline for tsunami disaster estimation is developed in 

Chile based on mathematical simulations on possibleChile, based on mathematical simulations on possible 
tsunamis generated off the coast in Chile in the future.

3. Tsunami damage in Japan is estimated based on 
th ti l i l ti ibl t i t d ffmathematical simulations on possible tsunamis generated off 

the coast in Chile in the future.
4. Tsunami disaster mitigation measures are proposed in g p p

accordance with tsunami disaster scenarios in Chile and 
Japan obtained.
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Assumed tsunamis
in Chile

Assumed tsunamis
in ChileActivity 1Activity 1 Activity 3Activity 3

Tsunami damage 
estimation in Chile

Tsunami damage 
estimation in Japan2010 Chile 2010 Chile 

in Chilein ChileActivity 1Activity 1 Activity 3Activity 3

TsunamiTsunami

Tsunami disaster 
estimation methodsestimation methods 

Tsunami disaster 
iti ti

2011 Japan 
Tsunami

2011 Japan 
Tsunami

Activity 4Activity 4

Guideline for tsunami 
di t ti ti

Activity 2Activity 2

mitigation measures disaster estimation 
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Tsunami hazard mapping in a 
pilot site

Tsunami fragility curve 
(Koshimura et al., 2009)
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Example of city planning against tsunami disaster
(Kamaishi City, Iwate)

Non residential regionResidential region Residential region
with restriction

Kamaishi City (2011)

for buildings



17G3  Development of Precise Tsunami 
Warning MethodWarning Method

Outputp
Precise tsunami warning method is developed. 

ActivitiesActivities
1. Precise tsunami prediction method is developed, 

incorporating data of seismometers and offshoreincorporating data of seismometers and offshore 
tsunami-meters.

2. A method to disseminate tsunami information is 
developed in Chile with the use of Japanese experiences 
as references.
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Present tsunami prediction system of JMA To improve 
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19GPS-mounted Buoys to detect and observed 
the tsunami approaching to coasts.
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Real-time Inversion to Predict Tsunami in Coasts 20

Offshore tsunami wave 1

Off h i 2
DB of 

t i

Inversion with offshore tsunami data 

Offshore 
tsunami data

Offshore tsunami wave 2tsunami 
green 

functions

Initial form of tsunamiInitial form of tsunami

Prediction 
Prediction point 1

of coastal 
tsunami 
waveformsSuperposition of tsunami green

Prediction point 2

Prediction point 3

Superposition of tsunami green 
functions weighted  by tsunami 

inversion analysis



21G4  Proposition of Programs to Create Well-
Prepared/Resilient People/ Communityy

Output
A program is proposed to create well prepared and 
resilient people and community.

Activities
1. Educational methods are developed to create well 

prepared and resilient people against tsunamis, and 
leaders are fostered for tsunami disaster mitigation in 
ChileChile.

2. Method to utilize ports and harbors in a rescue phase 
after a tsunami disaster is developed with use ofafter a tsunami disaster is developed with use of 
Japanese experiences as references.

3. Planning method for local government system to be g g y
functional after a tsunami disaster is investigated.
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Five sub-activities:
1.Evacuation

4. Fostering leaders for tsunami 
disaster mitigation in Chile 
Ed ti2.Education

3.Information system
Education

5. Workshops, Seminars and 
Symposiums

A lot of people escaped to hills and continued to stay there until there were no impacts 
of the tsunami. because they had the experience of the 1960 Valdivia tsunami

Symposiums

I directed the evacuation way 
to visitors in the town, and 
saved some people from the 
t i fl idi thi htsunami flow riding this horse.

I experienced the tsunami 
here in 1960, the last EQ 
was almost same as the 
1960 EQ. So, I thought the 

Because my father said totsunami came surely and 
escaped to the hill with 
neighborhoods.

Because my father said to 
stay on the hill for a while, we 
continued there. 



23Actual evacuation of primary school 
children and junior high school 
students on March 11 2011students on March 11, 2011

Photo courtesy of Katada Lab. Gunma Univ. (Photo taken 
by a resident in Unosumai  district of City of Kamaishi

Evacuation drill in Antofagasta, 
Chile, Aug. 2010



24Ex. Tool for public education

Tsunami book for kidsTsunami book for kids
Fear of Tsunami (First edition)

Japanese version was published first, and 
S

Revised  edition of Tsunami book for kids
Fear of Tsunami (First edition)

J i i d ithSpanish version was made with supports 
of Chilean counterparts

Japanese version was revised with 
lessons from the 2011 Tohoku tsunami
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• Symposiums, seminars and workshop every 
year in Chile or Japanyear in Chile or Japan
– to disclose findings and results of the 

research project to the publicresearch project to the public
– to foster disaster mitigation leaders in 

community municipality governmentcommunity, municipality, government, ...

promote

Development of well-prepared/resilient 

promote

e e op e o e p epa ed/ es e
people and community against tsunamis   
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We should and can develop useful and 
di ti i h d t t t iti t d ddistinguished outputs to mitigate and reduce 

tsunami disasters in Chile, Japan and the world.

Thank you for your attention.

Please support for our research activities!


