MAURICIO REYES GALLARDO
Civil Engineer— UTFSM — CHILE
Master of Disaster Management — BRI/GRIPS - JAPAN

mauricio.reyes@uv.cl

=R

Universidad ﬁ:\
. deValparaiso 'NGENERACIVIL /

chiLe OCEANICA

www.ingenieriaoceanica.uv.cl ' ' @@lNEENIERIA.EIVII_.I]EEANIEA



&Q) >
<
:‘:
o=
/S'[/ AE}"\(\;V

OBJECTIVES:
. To generate reflections about Disaster
Risk Management in Chile an other

Experience with tsunami risk management in Chile

countries.
Learn about Chile, its context, prehistory
and history.
. To know the main disasters in this
geographical area, especially

earthquakes an tsunamis.
Have an approach to the measures that

Chile has taken to reduce Tsunami
Disaster Risk (and other disasters risk).

2~ i ‘-0 f
. Assimilate and share experiences.




Contents:

. Disaster Risk Management

. Chile: A multihazard country

. Earthquakes

. Tsunami

. Our vulnerabilities

. Our capacities

. Our latest experiences

. Strategic analysis and a sort of conclusions.
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Disaster Risk Management

To talk about DRM is to talk about
life and death.




Disaster Risk Management
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https://www.espaiwabisabi.com/la-palabra-vida-japones/

Disaster Risk Management

Let’s analyze things regarding to
Time, People and Place... and Law.
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Disaster Risk Management
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TO BE AWARE OF TIME SCALES,
TO FACE THE COMPLEXITY OF THIS CHALLENGE.
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Disaster Risk Management
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TO BE AWARE OF PEOPLE’S THINGS,
TO FACE THE COMPLEXITY OF THIS CHALLENGE.
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EARTH DIAMETER = 12,742 [km]
4 o

s> AVG. OCEAN DEPTH = 4 [km]
MAX. OCEAN DEPTH = 11 [km]
HIGHEST BREATHABLE AIR = 8 [km]

TO BE AWARE OF OUR POSITION IN THE UNIVERSE,
TO FACE THE COMPLEXITY OF THIS CHALLENGE.
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Disaster Risk Management

Let’s put the ball on the ground.
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CONCEPT

with such systems (IPCC 2014).

* Uncertainty.

 Damages.
« Losses.
e Death.

FORMULATION

R: Risk

R=Pxl

P: Probability of occurrence of a Hazard’s scenario

I: Impact level (dependent of vulnerability and exposure

The potential for adverse consequences for
human or ecological systems, recognizing the
diversity of values and objectives associated

RISK

Multihazard (Impossible to separate from other
hazards)

Multidimensional impact

Multidimensional vulnerability

POSITIVE FEEDBACK (+) DEATH

HOMEOSTATIC PLATEU

(survival zone)

SYSTEM'S VARIABLES

POSITIVE FEEDBACK (+)

“Normality”

STRESS

RISK MATRIX IMPACT LEVELS
PROBABILITY OF OCCURRENCE NEGLIGIBLE MINOR MODERATE SERIOUS SEVERE
(FACTOR) 1 2 3 4 5
MEDIUM -
LOW - LOW - TOLERABLE
VERY LOW 1 TOLERABLE TOLERABLE (UNDER
CONDITIONS)
MEDIUM - MEDIUM - o
LOW - TOLERABLE TOLERABLE
tow 2 TOLERABLE (UNDER (UNDER ":J::;‘:::&L)E
CONDITIONS) CONDITIONS)
MEDIUM - MEDIUM - —
LOW - TOLERABLE TOLERABLE
MEDIUM 3 TOLERABLE (UNDER (UNDER "(\IJ::SI.::;?EL)E
CONDITIONS) CONDITIONS)
MEDIUM -
HIGH -
LOW - TOLERABLE
HIGH 4 INTOLERABLE
TOLERABLE (UNDER (UNSTABLE)
CONDITIONS)
MEDIUM -
HIGH -
VERY HIGH 5 TOLERABLE INTOLERABLE
(Tl (UNSTABLE)
CONDITIONS)

4%

TR

“Crisis”
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https://wallpaperaccess.com/santiago-chile



Military coup Back to
Democracy.

Eastern
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Prehistory

Chile: A multihazard country
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Chile: A multihazard country
a % A3 [
1775’;,@ Mﬁ"é
‘ | - Eastern . Military coup Back to
First Spaniards Independence Pacific War |sland Anex. Civil War. and gov. Democracy.
Chile: PIB per capita en dolares de 2015 a Paridad del Poder de Compra
2000 <
2500000 v —PIB per capita Argentina
PIB per capita Brasil
~-PIB per capita Colombia
2000000 L —FIB per cipita Venezueh 2.000 1
~PIB per capita Uruguay
«==PIB per capita  Chile
150000 | PIB percapita  Peru 1500 1
1000000 + 10.0080 < ‘/\/
0000 1 / 3.000 M
—
000 r . g -
o W A8 A% A AN A B et 5 2% 8% A% S — can~ sErs 4 sgme smp=  t@ms s Ay 4 P —_ 1
W \t’\\s“'m“‘\\\“’ q“‘\-*‘"«\‘\-a\“’\al‘\u't‘*Q“\-\“’\a"‘\\"’q‘-‘ \q“‘\qt*'a"‘\o“’q*‘\a*“’-ﬁ‘ ""\\“ V’ \‘ 1875 1883 1891 899 1907 1815 1913 1931 [939 18T 1955 1963 1971 1979 1987 1995 1003 2L

https://www.democraciayprogreso.org/algunas-reflexiones-en-torno-al-desarrollo-economico-chileno-
y-su-proyeccion-hacia-el-futuro/
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https://commons.wikimedia.org/w/index.php?curid=5841884

Image Landsat / Copernicus

Data SIO, NOAA, U.S. Navy, NGA, GEBCO




Chile: A multihazard country
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Chile: A multihazard country
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Chile: A multihazard country

Population concentrated in urban areas,
very low density outside.

Very important in economic terms
(copper, lithium, solar energy).

Scarcity of water.

o o . ot Wy ),?-" i . (o gl . o
High population density (30-480 [hab/km?]). s [ i, Very fertile, Mediterranean
Economic and agricultural core. : o, SO Ve, [ conditions.
Drough due to climate change.

Cold and rainy.

Cold, windy, rainy, snowy...

Low population density.
Ecological value.

Very cold, very windy, rain and
snow.

(Draw courtesy of P. Winckler)



Chile: A multihazard country

Chile v
2045

Male

10,592,310

Cabo Verde
Cambodia
Cameroon
Canada
Caribbean

Female

10% Central African Republic

20,296,683

Population

China, Hong Kong SAR
China,_ Macao SAR
Colombia

Comoros
Congo
Costa Rica

20,296,684

Cabo Verde
Cambodia
Cameroon
Canada
Caribbean

1% Central African Republic

China, Hong_Kong SAR
China, Macao SAR

Colombia
Comoros
Conga
Costa Rica

80-84)

Chile v
s 10,592,310 2020 19,116,208
Female Population 100+] Male 0.0% 0.0% Female Population 8436566

%

Cabo Verde
Cambodia
Cameroon
Canada
Caribbean
s% % Central African Republic

China, Hong Kong SAR
China, Macao SAR
Colombia

Comaros

Congo

Costa Rica

19,000,000 people.

8,000,000 in Santiago and surroundings.

GDP 24,700 US per capita
One main language (spanish).



https://www.populationpyramid.net/

Chile: A multihazard country

https://arclim.mma.gob.cl/atlas/index
https://www.onemi.gov.cl/visor-chile-preparado/

*1) visor Chile Preparado

* ) Visor Chile Preparado ey Anemacm OneM
Visor Chile Preparado



https://arclim.mma.gob.cl/atlas/index/

Disaster Risk Management

So, Chile is a large
country, not so

, populated, but with
<. > i vulnerabilities and
R “%+ T under the threat of

Z several hazards.

https://weltrisikobericht.de/weltrisikobericht-2021-e/



Chile: A multihazard country

Eastern Military coup Back to
First Spaniards Independence Pacific War |sland Anex. Civil War. and gov. Democracy.
1536 1810 1879 1888 1891 1973 1990
Prehistory

Principales desastres ocurridos desde 1980 en Chile )

A través de este documento, el Servicio Nacional de Geologia y Mineria (Sernageomin)
pone a disposicion ptiblica un registro dinamico de los principales desastres relacionados
con Peligros Geolégicos (remociones en masa®, sismos, maremotos, inundaciones,
aluviones, erupciones, etc.), con base en la documentacion disponible en la Biblioteca del

Sernageomin y en medios de comunicacién. Esto incluye informacién sobre pérdidas de
vidas humanas y montos gastados por el fisco en reconstrucciones.

Ortigosa (1993). Failures of quay walls during Chilean earthquake of March 1985




Earthquakes
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Earthquakes
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Prehistory

(Pictures courtesy of M. Cisternas)



First Spaniards
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Figure A-2. Historical Earthquakes in Chile. Elaborated with data from
(Servicio Sismologico de Chile, 2012).
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Sismicidad

Conace el registro sismico mas reciente y
explora los eventos de un dia o mes
especifico.

Catdlogo

Visita el regisiro de movimiento fuerte,
donde podrds revisar Ia informacion
instrumental de eventos significativos del
catdlogo.

Visitar

Conoce Ia nueva web que estd en periodo
de marcha blanca y que remplazard este
sitio.

Visitar

Earthquakes

Military coup
and gov.

1973

Sismicidad

~ Ultimos Sismos®

T

2022/03/08 16:01:.08 &7 km al O de Pisagua 25ML

2022/03/08 15:11:41 56 km al S de Tierra Amarilla 31ML
2022/03/08 13:33.52 37 kmal SO de La Ligua 3.0ML
2022/03/08 13:31:26 60 km al SO de Caldera 25ML
2022/03/08 09:44:04 40 km al NE de Mina La Escondida. 27 ML
2022/03/08 08:42:36 34 km al NE de Pica 25ML
2022/03/08 07-35:53 98 km al O de Pisagua 43ML
2022/03/08 06:09.44 71 km al S de Baquedano 42ML
2022/03/08 045824 126 km al NO de Huasco 25ML
2022/03/08 03.25:41 41 km al SE de Mina Los Pelambres 3.0ML
2022/03/08 025731 158 km al NO de Bahia Mansa 33ML
2022/03/08 012820 79 km al NO de Tocopilla 25ML
2022/03/08 01:16:12 81 km al SE de Socaire 40ML
2022/03/08 005940 30 km al S de Camiia 29 ML

2022/03/07 23:56:11 28 km al N de La Ligua 27 ML

Ver detalles.

‘contactogcsn.uchile.cl

Back to
Democracy.

1990

Educacién Novedades

Educacién

¢Te apasiona la ciencia? ; Te interesa
conocer &l mundo de la Geofisica?

Da el primer paso familiarizindote con
material cientifico que exponemos para fi

Vermas_

Novedades

Visita el sitio institucional del Centro
Sismologico Nacional, conoce més sobre la
red sismologica y entérate de las novedades
que tenemos para fi

Ver més_
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8] Red Estaciones GPS
i Este mapa se hizo con Google My Maps. Como crear uno propio.
"

4
"= Bolivia

Uruguay,
Argentina

371 Red de Sismémetros

i Este mapa se hizo con Google My Maps. Como crear uno propio.

Peru

Earthquakes

TECNOLOGY

Measurement / monitoring /

871 Red de Acelerémetros
i Este mapa se hizo con Google My Maps. Como crear uno propio.
Peru

/2021

irgentina

Buscar con Google Me siento con suerte

Ofrecido por Google en: Espariol (Latinoamérica)

" forecasting / communicating

Research
Education

(=
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BIG EQ IN HISTORY
FIRSTWRITTEN REPORTS ' - CENTRAL

{1575 1647 1730 1822 1906 1985
I ] } ® 1 [ ] —eo e o >
1500 1600 1700 ' 1800 1900 2000 CHILE

EARTHQUAKE MAGNITUDE UNDERSTIMATED
FROM PARTIAL HISTORICAL RECORDS.
UNDERSTIMATION OF HAZARD \
CARVAJAL (2015) ?

PROPOSED 8,5Mw TO

9,1Mw




2 REDg,
S 2,
: : E h k
z : 7 r
a s /<
1 T

CHILLAN 1939:

EQ 8,3Mw

INLAND (100KM DEPTH)
AROUND 24000 VICTIMS (THE LARGEST ONE)

RF MASONRY / CORFO / BUILDING CODE
O




Tsunami;

VALDIVIA 1960:

FORESHOCK 8,2Mw

EQ 9,5Mw

TSUNAMI

AROUND 2000 VICTIMS

SOIL MECHANICS / ONEMI / PTWC




Earthquakes

LLOLLEO 1985:

EQ 7,8Mw

NO TSUNAMI

AROUND 180 VICTIMS
MEASUREMENT / NCh433/ ONEMI




THERE 1S EVIDENCE! Earthquakes
SOUTH-CENTL CHILE (27F201

Island Gradually Sinking

-80° &

i

1066 Mw B.7%#

January 1, 2002 (Tide -0.60 m)

1974 Mw 8,0
1942 Mw 8,2

1996 mw 7,7
2001 Mw 8,4

-30°

MAULE 2010:

By 0 | [ e EQ 8,8Mw
. T e AROUND 600 VICTIMS
etz §OIL MECHANICS / RC CODE / ONEMI / SNAM

1943 Mw 8,3

Juan ’
Forndndez = 4985 Mw 7.7
Ridg 1906 MW &,5

=35°¢ 1928 Mw 8,3
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THERE IS EVIDENCE!

NORTHEN CHILE (2014)

Tsunami Propagation Forecast
Contours of forecasted maximum wave amplitudes above sea level [cm], detailing i energy pr

Pas

cm
—_—

100

120

140

160

180

Event ID: n3dm1y
Earthquake Magnitude: 8.2

220

240

260

280

Earthquake Origin Time: 23:46:48 (UTC)
Date: 4/1/2014

<

Earthquake Location: [-19.80N, -70.80W], near the coast of northern Chile

National Tsunami Warning Center

100
90
80
70
60
50
40
30
20
10
-0

Earthquakes

IQUIQUE 2014:

EQ 8,2Mw

TSUNAMI

7 DEAD, 200 INJURED

EVACUATION USING EWS / PORTS BCP
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Earthquakes
NORTHEN CHILE (2014)

Tsunami Propagation Forecast
Contours of forecasted maximum wave amplitudes above sea level [cm], detailing tsunami energy propagation.

cm

100 120

140 160 180

|
ISUNAMI
Event ID: n3dm1y Earthquake Origin Time: 23:46:48 (UTC)
@ Earthquake Magnitude: 8.2 Date: 4/1/2014
v Earthquake Location: [-19.80N, -70.80W], near the coast of northern Chile
ool T i G 7/ DEAD, 200 INJURED

EVACUATION USING EWS / LESS THAN 10 MIN
O




Tsunami;

Rio Pastads -
g 3 N

Vg o4
‘( ! LI
A s E N 2 0 0 7 Lastras etal, 2013

Earthquake-induced rock slide

a) Shallow soil

and tsunami in Aysen fjord (2007) slides
T T il b) Shallow soil-
Seismic swarm (January-March) rock slide
more than 7,000 earthquakes! C) Rock slide in
front of
Mentirosa
Island
%“ d) Rock slide and

avalanche in
Punta Cola area
e) Rock falls
f) Debris flow

-
PUERTO
AISEN

O Saimon farm /‘ Epicentral zone 4 Tsunami source
/
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MAULE 2010
IQUIQUE 2014

ILLAPEL 2015

CHILOE 2016
ANTARTIC OCEAN 2021
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WE HAVE TO TALK ABOUT OUR COUNTRY,
WITHOUT ANGER AND LOOKING FOR THE
COMMON BENEFIT.

Our vulnerabilities: GOVERNANCE IS NEEDED

* They are always present, no matter which country are we talking about.

* |nequality and lack of urban planning. Actually, | should say societal,
ecological, economical, and other complex things.

* |gnorance and bad education. Bad use of technology (fake news).

* They are always present, no matter which country are we talking about.

* |nequality and lack of urban planning. Actually, | should say societal,
ecological, economical, and other complex things.

* Our old infrastructure. The maintenance of infrastructure.

* Transportation systems.

* Etc...

Determinacion del riesgo de los impactos del Cambio Climdatico en las costas de Chile. (Winckler et al., 2019)
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ﬂg Below 10 [masl] es 71,3% urbana y 28,3% rural

100 coastal municipalities: 4,5 millones (26%, INE, 2017)
N
¥ Below 10 [masl]: 972.623 (5,53%)

Determinacién del riesgo de los impactos del Cambio Climdtico en las costas de Chile. (Winckler et al., 2019)
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Our Capacities:

 We have learned from experience.

* We know our territory and we have good universities.

* We are doing science. Not as much as we would like to, but we are.

* One language (this is not so valid with inmigration...).

* We can spend money. Not as much as we would like to, but we can.

* Very good application of building codes and good control of building
processes.

* We can make political improvements. Slow, but we can.

* Ete...



Strategic Analysis and a sort of conclusions

Open mind and tolerance (Maisa).

Education (for everyone).

Investment.
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