Earthquakes and Tsunamis in Chile:
The response from marine sciences scientific
community
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Chile:

A natural
disasters
history

Losses due to natural disasters in G20 + another
selected countries by GDP porcentage
(GDP: Gross Domestic Product)
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Hudson 1991 (Patagonia)

Calbuco 2015

150000 km? were affected by ashes

Chaitén 2008

Near 8000 people were evacuated
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Increase of Harmful Algal Blooms and Red-tides spreading

Social conflicts and economic losses

17 Massive strandings of marine species from 2015
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In central
Chile between
January and
February 2017
more than
587000
hectares were
burned by
forest fires

o & Santa Olga town, 2017
= + 1000 houses burned

Valparaiso city, 2014
Houses destroyed: 2900
Deaths: 15




= Chile, in just
 two days of

'..-_, rainfall in
March 2015,

dissapeared
8 due to floods




Strongest top ten earthquakes in the world from 1900

(Source: USGS)

Place Year Magnitude (M,
Valdivia (Chile) 1960 9,5
Alaska (EE.UU.) 1964 9,2
Sumatra (Indonesia) 2004 9,1
Northern Japan 2011 9,0
Eastern Russia 1952 9,0
Chile 2010 8,8
Ecuador 1906 8,8
Alaska (EE.UU.) 1965 8,7
Sumatra (Indonesia) 2012 8,6
Indonesia 2005 8,6

Strongest top ten earthquakes in the Chile history

(Source: Chilean Sismology Centre)

Locality Year Magnitude (M,,)
Valdivia (south) 1960 9,5
Arica (north) 1868 9,0
Cobquecura (south/central) 2010 8,8
Valparaiso (central) 1730 8,7
Vallenar (north) 1922 8,5
Canela Baja (north) 2015 8,4
Tarapacd (north) 1877 8,3
Valparaiso (central) 1906 8,2
Illapel (north/central) 1943 8,2
Arica & Iquique (north) 2014 8,2



Vald|V|a earthquake (9,5 M,,), southern Chile, 1960
Tsunami travel time (hours). (USGS)

Waves of 6.4 mts height arrived to Japan coast

Onagawa, Miyako, Rikutchu and Mutsu were
affected

122 people died in Japan

Economic losses estimated on USD 50 millions
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During the 2010 Chilean Earthquake and Tsunami 525 people died and 25 people dissapeared.
2 millions people were affected (more than 10% chilean population)
500.000 houses were destroyed
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The response from Marine Sciences scientific community
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08-05-2015

Project: “Beach Monitoring”

From 2013
Monthly profile measurements at Valparaiso bay

Key student support on field-works

Main topics:

_ Portales Beach, Valparaiso
Coastal erosion

10-08-2015

Extreme wave events
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Project: “Alert Surge System”

From 2016

For all chilean coast

NOAA forecast. WAVEWATCH Ill v4.18 model
and Wave Chilean Atlas (Beya et al 2017)

Main goals and topics: l

Weather forecast and anticipate impacts

Technical tool as support to coastal activities
(tourism, marine science research, harbours and management)

Mitigation measures by population

Marejadas.uv.cl
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Project: “Coastal Evolution, morphodynamic and factors of change on
littoral fringe with techtonic influence: guidelines for management ”

From 2015

South and central Chile

Main topics:

Tsunamis

Wetlands and lagoons

Risk factors and restoration

Costal settlements

Before tsunami
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Project: “The perception of urban resilience in Dichato, Chile, post-
tsunami: indicators of restorative environments for the development
of resilience and vulnerability models ”
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Project: “Valorization of tsunami risk areas and evacuation potential:
solutions for risk disasters reduction ”

From 2011
VIl region, southern Chile

Main topics:

Tsunamis

Coastal urbanization
Inundation maps
Emergency management
Mitigation measures

Images: Carolina Martinez
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Research Centre ~oortmthmg Marine

COSTAR: “Marine Watching Center < - organisms
for Coastal Environment Risks Study” GJ( W VN dynamic

From 2017
All chilean coast
Support to institutions and stakeholders

Main goals and research lines
Watching and forecasting of extreme events

Watching oceanographic variables Tsuafﬁis
Watching and analyzing of environmental parameters ;o
o (o vt

Outreaching results and education to community gl

B

Strandings |

1
.0.’




=X *‘jg

N Universidad

deVaIparalso
CHILE

Project: “ Temporal response of sandy-beach macrobenthic communities to
extreme events”

From 2016
Central Chile

Students involved

Main topics:

Benthic ecology and biodiversity
Beach morphodynamic

Coastal processes

Sediment biogeochemistry
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Project: “Enhancement of technology to develop a tsunami resilient

—
PROJECT PURPOSE : To develop Technologies to Improve Communities and People in Chile, Japan and
other countries to be Well-prepared and Resilient Against Tsunamis
f *‘ >

community”

From 2012

Chile and Japan join collaboration

Main topics:

Development of education methods
Development of methods to continue
ports activities after emergencies

Methods to keep local governance

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

( Group 1 '
Development of Mathematical
Methods

Development of database of
tsunami damage

Development of
mathematical models

Improvement of j

\ [ structure design methods

/Proposltlon of Tsunami Dlsaster\

Group 2

Estimation Method and
Mitigation Measures

Development of guideline for
tsunami disaster estimation

(
%

Damage estimation in Chile and
Japan

~ Development of tsunami '\
prediction method with
data of seismometer and

\¢

Proposal of
mitigation measures /
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Project: “Update of the earthquake database for the

Chilean territory ” R e e e
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Project: “Wave Atlas for the entire chilean territory”

From 2014

Partner: Port Building Direction, Chilean Government

Main topics:
Technical support to private and public institutions

Impacts prediction and forecasting

http://oleaje.uv.cl/

ATLAS DE
OLEAJE DE CHILE

..........................................................................

; Universidpd d;\
deValparaiso  ococecAN

Coasta | oceanograp hy | CAMPOS DE N, PROMEDIO EM EL OCEANG PACIFICO. -

Beya et al 2017
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Project: “Assessment of Tsunami-tide interactions
in fjords, channels and estuaries”

From 2015 ¥ Simplified models for the Chilean Inland Sea, considered in the proposal Assessment of tsunami-tide interaction
in fjords, channels and estuaries

South and central Chile a)

Main topics:
Tsunami hazard assessment

Physical oceanography

Images: P. Winckler
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Project: “Methods development to vulnerability measurements and
control in urban coastal systems”

From 2013

Chilean coast

Main topics:

Assessment of evacuation ways by tsunamis
Analysis of vertical evacuation demand
Valorization of coastal line

Coastal line risk analysis due to surges events
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Project: “Ocean Lab” Labocéano
Laboratoy of Maritime Engineering for number modelling

Research and education

From 2010

School of Ocean Civil Engineering
Education support

Main topics:
Software application on:
Hydrodinamic models

Pollutants models
Wave models R

Structural models L - )
Morphodynamic models — " - — !

Images: P. Winckler
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Laboratory: LOFISAT: Physical oceanography and Satellite Lab

Research and education
From 2015
School of Marine Biology

Main topics:

Weather forecastig
Marine biology research
Oceanographic research
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Research Article

El temporal del 8 de agosto de 2015 en Ias regiones de Valparaiso v
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Patricio Winckler', Manuel Contreras-Laopez’, Rodrigo Campos-Caba’
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'Escuela de Ingenieria Civil Oceanica, Universidad de Valparaiso, Valparaiso, Chile
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Course: “Integrated Management of Coastal Zones”

Marine Biology Degree
Duration: One term (five months, 4 hrs/week)
From 2008 to present

Main themes:

Coastal environments

Coastal values and threats
Weather and global change
Ecosystem services and biodiversity

Coastal zone resources and activities Co-ordinator: Dr. Eulogio Soto
Land planning and zoning eulogio.soto@uv.cl

Vulnerability, risk and monitoring
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Course: “Coastal dynamic field-work Analyses”
Marine Biology Degree and

Oceanic Civil Engineering

Duration: One term (five months, 4 hrs/week)
From 2016 to present

Main themes:

Coastal dynamic

Measurements of coastal phenomena
Spatial and temporal variability Co-ordinator: Mauricio Molina
of coastal phenomena mauricio.molina@uv.cl
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Diploma “Integrated Management of Coastal Zones”
Open to stakeholders, authorities, scientists and

professionals

Duration: Five months (7 hrs/week). Coming soon from 2018

Main themes:

The nature of coastal zone in Chile
Geomorphology and coastal processes
Oceanography

Earthquakes and tsunamis

Structural methods for littoral protection
Environmental law

Marine protected areas and biodiversity
Natural risks, threats and vulnerability
Ecosystem services

Industrial uses and activities

Co-ordinators:
Dr. Eulogio Soto and Dr Patricio Winckler
eulogio.soto@uv.cl

patricio.winckler@uv.cl
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Diploma: “Reduction of disasters risk: prevention and management”
Open to professionals from public and private institutions
involved on land planning and emergency management
Duration: Five months (6 hrs/week).

From 2018 will change to Master programme

Main themes:
Coastal environments
Coastal values and threats

Weather and global change

Ecosystem services and biodiversity
Co-ordinator: Dr. Carolina Martinez

carolina.marine@gmail.com

Coastal zone resources and activities
Land planning and zoning
Vulnerability, risk and monitoring



Understanding of risk
management associated to
business continuity

Knowing natural disasters that
threat to harbours and the
physic of earthquakes and
tsunamis

Universidad

deValparaiso
CHILE

Curso BCP/BCM

CONTINUIDAD
EN NEGOCIOS
PORTUARIOS

16 de Octubre al 4 de Noviembre (60 horas)

8 al 17 de Noviembre.
Incluye trabajo en terreno.
8:30 a 18:00 hrs. (60 horas)

gder los beneficios de implementar en el

: :
planes de continuidad y de mejora continua.
Comprender los principios de la gestion del
riesgo, asociado a la continuidad del negocio. |
Conocer sobre los desastres naturales que |
amenazan a un puerto en general y la fisica

de los terremotos y tsunamis en particular. I

OCEANICA\ /

G\

Comprender los beneficios que significan
para la sociedad y para la economia la

continuidad del sistema portuario.

Participantes internacionales, becas segin
programa KIZUNA, Agencia de Cooperacion
Internacional de Chile (AGCl) y Agencia de
Cooperacion Internacional de Japén (JICA).

Becas de exencion arancelaria para 2 o mas
participantes de una misma organizacion y
para ex alumnos de la Universidad de

Valparaiso.

ingenieria.oceanica@uv.cl
+56-32-2995916
www.ingenieriaoceanica.uv.cl/bcp
Escuela de Ingenieria Civil Ocednica
Facultad de Ingenieria

Universidad de Valparaiso,

Av. Brasil 1786, Valparaiso, Chile.
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Periodos tipicos de la onda de tsumami a 1o largo de central de Chile: cComparacion entre eventos

de 2011 y 2015
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K Posters presentados en Chapman Conference on Giant Earthquakes and Their Tsunamis. AGU (2010). 0
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Dbservations by the International Tsunami Survey Team
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I CONGRESD NACIONAL DE ESTUDLINTES EN GESTION DEL RIESGO DE
DESASTRES

SANTL4GO, 11 DENOVIEMERE DE 1017

CIGIDEN

“PROPUESTA METODOLOGICA PARA LA PLANIFICACION DE
SISTEMAS DE EVACUACION VERTICAL ANTE TSUNAMI EN
VALPARAISO

Constanza Flores. Mauricio Reyes, Alex Lobos, Eduardo Sanchez y Jazmin Lues
Escuela de Inpesseria Covil Ocesasca, Chile
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WORKSHOP
SOCIAL AND NATURAL RISKS AND COASTAL EXTREME EVENTS:
TO ADAPTATION MECHANISMS
Valparaiso, 16 December 2016
Auditorio Facultad de Ciencias Naturales, Exactas e Ingenieria, U. de Playa Ancha
Av. Avenida Leopoldo Carvallo #270, Valparaiso PRODUCT: GEOBOOKIIN 2018
PROGRAMA:
. . o Q

9.00-915hr.  Aperturay bienvenida. Extreme events, social-land

Bienvenida Decano Facultad de Cs. Naturales y Exactas Universidad de

Playa Ancha Sr. José Rubio Valenzuela risks and coastal antropization

in Chile: towards sustainable
management of coastal zone”

09.15-09.40hr.  “Riesgos naturales en la costa chilena”
Dra. Carolina Martinez (Pontificia U. Catdlica de Chile /CIGIDEN)

09.40- 10.00 hr. “Crecimiento urbano en la costa”
Dra. Carolina Rojas (U. de Concepcion/CEDEUS )

10.00-10.20 hr.  "Inundaciones fluviales en el curso inferior del rio Maipo™ Ed |to rs:

Dr. Octavio Rojas (U. de Concepcion/ Centro EULA)
10.20-10.40hr.  Tsunamis en la costa de Valparaiso: el caso de 1730 R. Hi d d Igo’ C. Martinez

Dr. Rafael Aranguiz (U. Catélica de la Santisima Concepcion/CIGIDEN)

10.40-11.00hr  Evacuacion como respuesta a amenazas de tsunamis
Dr. Jorge Leon (U. Federico Santa Maria /CIGIDEN)
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Earthquakes and Tsunamis in Chile:
The response from marine sciences scientific community
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