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27 Feb 2010 Chile M8.8 Earthquake source
and MOST tsunami modeling
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Constitucidén — coastal tsunami variability
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Isla Santa Maria - Uplift
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Lagunilla, Peru: 2007 Pisco and 2010 Chile Tsunami

Pisco 2007 Peru Tsunami
-13.7°t 8
‘San Andres
-13.8°r
=13.9%
0 5km 10

-14.0° L~ ; . . el

10 8 -76.4° -76.3°

‘ # + GPS inun;lation trackl 2010 Ch I I e TS unam I
1 B Boat washed inland

-13.89°f [

e
-13.91° 1 Playa

== Runup height | & Yumaque
= Tsunami height
=== Flooded terrain elev.

-13.93°

108 6 4 2 0 -76.33° -76.31° -76.29° -76.27°




Lagunilla 2007 - 3 tsunami-fatalities
no earthquake fatalities




Field Survey of the 27 February 2010 Chile
Tsunami

Hermann M. Fritz, Catherine M. Petroft,
Patricio A. Cataldn, Rodrigo Cienfuegos,
Patricio Winckler, Nikos Kalligeris,
Robert Weiss, et al.

Pure and Applied Geophysics
pageaph

155K 0033-4553
Volume 1638
Mumber 11

pure and
applied

Pure Appl. Geophys. (2011)
168:1989-2010
DO 10,1007 /500024-011-0283-5

geophysics

pageoph ) Birkhiuser

@ Springer

Acknowledgments

This work is supported by

e National Science
Foundation NSF RAPID
award CMMI-1034886
(Chile)

Any opinions, findings, and conclusions
or recommendations expressed herein
are those of the author(s) and do not
necessarily reflect the views of the
National Science Foundation

r'v.v'1 : : :
g’ sea National Science Foundation

l‘ S8 W HERE DISCOVERIES BEGTIN
"‘v“



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

Chile M8.2, 1 April 2014
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Chile M8.2
1 April 2014

Marcelo Lagos and |
surveyed 600 km
from Antofagasta to
Vila Vila, Peru:

Max Runup 5 m
Max Inundation 150 m
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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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Field Survey
21-26
September
2015

with
International
Participant




Altura tsunami (Metros)
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Coquimbo Fishing Boats on Costanera
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aleta Totoral
Tree Damage



Caleta Totoral Eyewitness Interview

Testimonio de sobreviviente en Caleta Totoral
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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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Mosque at Lhok-Nga, Sumatra:
Spontaneous Vertical Evacuation Site

In Lhok Nga 7000 of the town’s 8000 inhabitants lost their lives
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Rock hard cement filled the tilted vessels holds




Banda Aceh
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Port of Salalah, Sultanate of Oman
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Figure 7.: (a): Photograph of Maersk Carolina moored at Berth 4 on 14 August 2005. This is a sister ship of
Muersk Virginia, and is also essentially comparable to Mandraki. (B): Eyewitness interviewed by the team
on 14 August 2005. (c): Sketch handwritten by the eyewitness, looking ENE (out to sea) and detailing the
drift of Mandraki. Numerals show (0) initial position of Mandraki moored at Berth 4; (1) ship caught in

Figure 6.: (a); Aerial photographs of the port of Salalah looking WSW (a) and WNW (B). On
these file photographs (www.salalahport.com), overprinted numbers are keyed to the descrip-

EEE ?g,,l;l K ;)11 ?s?:t;:i{:r::ﬂ:?f; i{szeui:gl}[;;ci' ;f‘i;l;sil;bgo:e Rk moanipt At Bed 4 {ag strong eddy following rupture of moorings; (2) ship outside harbor approaching far side of breakwater; (3)
3 : ; ¥ DORS subsequent loop outside harbor; (4) return to harbor; and (5) eventual grounding on sand bar East of harbor.
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Port of Dugm — March 2015
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Mentawai Islands, Indonesia 2010
Another Tsunami Earthquake

Hill et al., 2012
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ITST 2018 Sulawesi Tsunam|
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami
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ITST 2018 Sulawesi Tsunami




BMKG, Jakarta, Indonesia, 29. October 2018

ITST 2018 Sulawesi Tsunami

= -
e
B
e
Sy
S

—_—
e
e




Tsunami

ITST 2018 Sulawes







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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Earthquake source deformation (GSI)
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Pacific Basin Wide Tsunami Propagation
(Modeling: NOAA, PMEL)




2011 Japan Tsunaml Survey (TETJSG)
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Onagawa NPP 110 km NNE of Fukushima 1

Tsunami Height [m]
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Onagawa — toppled engineered buildings

l
‘ " April 2011




Onagawa Nuclear Power Plant (NPP) pressure gauge and
Yoriisohama eyewitness video at 2km distance
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TLS scanning for detailed runup topography at Yoriisohama
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Yoriisohama school girl video of 2" wave




Water Height (m)

Yoriisohama video based hydrographs

" . | West Wall
Video & Vator Bromk wal
+12 m [} \éomisohama
nagawa
oL Photos |
o ® @ !
5 — —
, :
¢
0  — —
W/
Onagawa NPP -t
Pressure Gauge /
5 f _|
i—l—j
Gauge bottoms out
10— —
-12m
| | |

1_15:500:00 156:15:00 16:30:00 15:45:00 16:00:00

EQ + 30 min

Time [3/11/2011]

EQ + 1 hour



2011 Japan Tsunami Survey (TETJSG)
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Kamaishi Bay with Tsunami Breakwater
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Kamaishi Tsunami Breakwater
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Kamaishi LIDAR survey June 2011
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Kamaishi LIDAR survey June 2011




Kamaishi LIDAR survey June 2011




Dance of the Asia Symphony at Kamaishi
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Tsunami Height [m]

Kamaishi video
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Dance of the Asia Symphony at Kamaishi
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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
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http://www.nsf.gov/index.jsp

On top d-f'jlg-j-;rél Lja'ndsltid'e in August 2007
Will the Landslide take off and'when?

Cruise Ship
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Lituya Bay, forest trlmlme VISIb|e 50 years later
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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 50" anniversary”, Pure and Applied Geophysics, 166(1-2): 153-175.



2D Landslide Tsunami

iments
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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
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Conical Island Experiment
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Runup of granular landslide-generated tsunamis on planar
coasts and conical islands
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Abstract Large-scale physical model experiments of tsunamis generated by granular landslides and vol-
canic flank collapses are conducted to study the wave runup on both the hill slope laterally adjacent to the
landslide and an opposing hill slope. A pneumatic landslide tsunami generator was deployed on planar and
convex conical hill slopes to simulate deformable landslides with various geometries and kinematics. On
the landslide hill slope, maximum runup and rundown were observed in the landslide impact region
followed by adjacent second maxima after the lateral waves were fully formed. The runup and rundown
decayed asymptotically from the second maxima. In the conical island scenario, a localized runup amplifica-
tion was measured on the lee side of the island. Outside the landslide impact region, the effects of the land-
slide granulometry on the lateral wave runup are minimal. The lateral wave runup on the planar hill slope
was generally larger than on the convex conical hill slope outside the landslide impact region. The convex
conical hill slope traps less lateral wave energy. The zeroth mode of the edge wave dispersion relation
matched the first and second lateral waves on the planar hill slope and the first wave on the convex conical
hill slope. Predictive equations for the laterally propagating wave characteristics are derived and a method
to predict the runup on an opposing hill slope is presented. The predictive wave and runup equations are
benchmarked against the 2007 landslide-generated tsunami in Chehalis Lake, British Columbia, Canada.
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Karrat Fjord Landslide, Greenland 2017
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Karrat Fjord Landslide, 3D model (OAP)







Karrat Fjord Landslide, 3D change detection
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Karrat Fjord Landslide, 3D model (OAP)

Feature Wx Lx D (m, max) Elevation range (m, approx.) Volume (m?, approx.)
Main landslide total depletion 58 M

Rock face 950 < 800 % 200 775-1270 46 M

Apron 900 x 600 % 30 580-775 12M

Main landslide total accumulation 13 M

Sporadic 1200 x 900 % 10 0-660 105 M

East lobe 485 x 220 x 65 730-930 25M

East landslide face 200 x 50 x 20 930-1010 04 M

Net (fjord-level) 1200 (w) 0 45 M
West landslide 500 x 650 x 30-80 940-1220 5 M (approx.)
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Karrat Fjord Landslide Tsunami Runup
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Karrat Fjord Landslide Tsunami Runup




Karrat Fjord Tsunami, Nuugaatsiag
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Volcanic Tsunamis — Krakatau 1883
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Tsunami Generation by Submarine
Volcanic Eruption
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Tsunami Generation by Submarine
Volcanic Eruption
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