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Dichato – Talcahuano – Arauco Peninsula
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1960 and 2010 tsunami
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Isla Santa Maria - Uplift



Isla Santa Maria - Uplift



Lagunilla, Peru: 2007 Pisco and 2010 Chile Tsunami

2010 Chile Tsunami

2007 Peru Tsunami

Courtesy: P. Broncano and E. Ortega



Lagunilla 2007 - 3 tsunami-fatalities
no earthquake fatalities
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Chile M8.2, 1 April 2014



Chile M8.2
1 April 2014

Iquique

Arica

Antofagasta

Marcelo Lagos and I 
surveyed 600 km
from Antofagasta to
Vila Vila, Peru:
• Max Runup 5 m
• Max Inundation 150 m



Chile M8.2, 1 April 2014



DART high and dry (22/09/2015)



1 Million Evacuated….

…however few % were inside of flood zone!
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Fuente: Lagos & Fritz, 2015
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Coquimbo – Post 16 September 2015 Tsunami



Coquimbo Fishing Boats on Costanera



La Serena – Coquimbo - Totoral

Puerto
Aldea

Totoral



Caleta Totoral



Caleta Totoral
Tree Damage



Fotografía: L. Carvalho, 2015
Testimonio de sobreviviente en Caleta Totoral

Caleta Totoral Eyewitness Interview



Caleta Totoral 2015 vs 1960 tsunamis

2015

1960



Caleta Totoral Uplift

Two Rocks Connect 
after Coseismic Uplift



Chile 2015 tsunami
• EQ ground shaking as natural warning
• Tsunami arrives rapidly within minutes (“al tiro”) at 

coastlines closest to trench and high slip areas
• Even in 2015 the warnings did not reach many informal 

fishing settlements that are off the grid  
• Spontaneous self evacuation contains fatalities
• Few direct tsunami victims
• Potential challenges in future events may arise from 

two evacuations in 2014 and 2015 of thousands of 
kilometers of Chilean Coastline….few in flood zone!

• surveyed 500 km of Chilean Coastline
• Max Runup 13 m, but additional bays with R > 11m
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Lhok Nga

Banda Aceh

Sumatra





Mosque at Lhok-Nga, Sumatra: 
Spontaneous Vertical Evacuation Site

In Lhok Nga 7000 of the town’s 8000 inhabitants lost their lives





30 July 2017



30 July 2017



• A 35-unit residential complex situated on the coast about 500 meters 
from the plant, and which housed roughly 100 employees and their 
families, was completely destroyed. 

• 193 employees of the Banda Aceh cement plant were killed or reported 
missing, while 432 survived. 
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Fritz et al. (2006). 2004 
Indian Ocean tsunami flow 
velocity measurements 
from survivor videos, 
Geophys. Res. Lett., 33, 
L24605.
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Okal et al., 2006 
Earthquake Spectra



Port of Salalah, Sultanate of Oman

2004
Indian
Ocean
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Currents



Duqm in 2005



Port of Duqm – March 2015



Port of Duqm



Port of Duqm



Mentawai Islands, Indonesia 2010
Another Tsunami Earthquake

Hill et al., 2012



ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami

66

BMKG, Jakarta, Indonesia, 29. October 2018



ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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BMKG, Jakarta, Indonesia, 29. October 2018
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami

72



Earthquake source deformation (GSI)

Figure from Newman, 2011



Pacific Basin Wide Tsunami Propagation
(Modeling: NOAA, PMEL)



2011 Japan Tsunami Survey (TETJSG)

Mori et al., GRL, 2011 and CEJ, 2012 

Fukushima Gap



Onagawa NPP 110 km NNE of Fukushima 1

Fukushima
Daiichi NPP

Onagawa
NPP



Onagawa – toppled engineered buildings
April 2011



Onagawa Nuclear Power Plant (NPP) pressure gauge and 
Yoriisohama eyewitness video at 2km distance

Onagawa
NPP

Video
Yoriisohama



TLS scanning for detailed runup topography at Yoriisohama



1st wave eyewitness photos 
Camera locations show survivor evacuating to higher ground!

First wave shows flooding 
but limited wipe-out



Yoriisohama school girl video of 2nd wave



Yoriisohama video based hydrographs

EQ + 1 hour

Photos

Video

Onagawa NPP
Pressure Gauge

+12 m

-12 m

Gauge bottoms out

EQ + 30 min



2011 Japan Tsunami Survey (TETJSG)

Kesennuma

Onagawa

Rikuzentakata

Kamaishi

Miyako

Sendai



Kamaishi Bay with Tsunami Breakwater

Tsunami
Breakwater

Ship
Track



Kamaishi Tsunami Breakwater

JCG

JSCE

April 2011

July 2012



Kamaishi LIDAR survey June 2011



Kamaishi LIDAR survey June 2011



Kamaishi LIDAR survey June 2011



Dance of the Asia Symphony at Kamaishi



Kamaishi video based hydrographs

Tide Gauge destroyed

Asia Symphony Breaks Moorings

EQ + 1hourEQ + 30 min



Dance of the Asia Symphony at Kamaishi



Japan 2011 tsunami
• EQ ground shaking as natural warning; spontaneous and 

mandated evacuation contains fatalities 
• Coastal Defenses and vertical evacuation sites were designed for 

order of magnitude smaller events
• importance of community-based tsunami education and 

awareness programs (90% survival rate at Rikuzentakata). 
• LiDAR at large scale during follow-up survey
• LiDAR data provide spatial coordinates of control points used for 

water level analysis, camera motion analysis, video rectification 
with DLT and PIV processing

• Tsunami runup overland flow exceeding 13 m/s at Yoriisohama
• Measured tsunami outflow velocities up to 11 m/s make 

navigation impossible

http://www.nsf.gov/index.jsp


On top of Fjord Landslide in August 2007
Will the Landslide take off and when?

Cruise Ship



Lituya Bay, Alaska, 1958



Lituya Bay,  forest trimline visible 50 years later

524 m
Forest 
Trimlin
e



Lituya Bay impact and run-up site 
with 2D Experiment slice

Fritz H M, Mohammed F and Yoo J (2009), “Lituya Bay landslide impact generated mega-
tsunami 50th anniversary”, Pure and Applied Geophysics, 166(1-2): 153-175.



2D Landslide Tsunami 
Experiments



2D Landslide Impact Experiment

Fritz, H.M., Hager, W.H., Minor, H.-E. (2004). Near field 
characteristics of landslide generated impulse waves. J. Waterway, 
Port, Coastal, and Ocean Eng., ASCE, 130(6):287-302.



3D Landslide Tsunami Experiments



Conical Island Experiment





Karrat Fjord Landslide, Greenland 2017



Karrat Fjord Landslide, 3D model (OAP)






Karrat Fjord Landslide, 3D change detection



Karrat Fjord Landslide, 3D model (OAP)



Karrat Fjord Landslide Tsunami Runup



Karrat Fjord Landslide Tsunami Runup



Karrat Fjord Tsunami, Nuugaatsiaq



Volcanic Tsunamis – Krakatau 1883



Tsunami Generation by Submarine 
Volcanic Eruption



Tsunami Generation by Submarine 
Volcanic Eruption



Muchisimas Gracias!
Algunas Preguntas?

Photo:
April 11, 2011
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