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Tsunami Warning

Far-field tsunamis (several hours or more)

e Seismic wave analysis

* Tsunami monitoring

* Accurate estimation of arrival time and heights
 Technical improvement of tsunami travel times

Near-field tsunamis (less than an hour)
* Quick estimation of earthquake size and tsunami potential
e Possibilities of giant earthquake or “tsunami earthquake”
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The 2011 Tohoku earthquake tsunami
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The 2010 Chile earthquake tsunami
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Trans-oceanic Tsunami Waveforms

Phase velocity measurements
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Trans-oceanic Tsunami Waveforms

Theoretical dispersion curve(4km ocean)
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Tsunami Warning

Far-field tsunamis (several hours or more)

e Seismic wave analysis

* Tsunami monitoring

* Accurate estimation of arrival time and heights
* Technical improvement of tsunami travel times

Near-field tsunamis (less than an hour)
* Quick estimation of earthquake size and tsunami potential
* Possibilities of giant earthquake or “tsunami earthquake”



TOWS-WG Inter ICG Task Team on
Hazard Assessment Related to Highest Potential
Tsunami Source Areas

Our tasks are:
e Summarize current knowledge on “tsunami earthquakes”

 Present selected studies on tsunami hazard assessment
and review how maximum credible earthquake size and
likelihood have been incorporated.

e Discuss how different approaches can be harmonized.

 Work towards a consensus on best practices for tsunami
hazard assessments.



Tsunami earthquakes



Tsunami earthquake: the 1896 Sanriku tsunami

2011 Tohoku earthquake (M 9.0)
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Weaker ground shaking than the 2011 Tohoku earthquake
Tsunami heights were similar
More casualties (~ 22,000 )

10



i

LGl % T sre, A S

Tsunami eq. Typical Interplate eq.
| Im 100 km
4 Uplife
*Subsidence ,
Sunda Trench Pagai Is. Sumatra ls.
Y _ — [

T

Mentawai Eq. M 7.7 Bengkulueq. M 8.5
25 Oct. 2010 \2 Sep. 2007

Tsunami earthquake: the 2010 Mentawai Eq.

Fujii and Satake
(2008, EPS)

Satake et al.
(2013, Pageoph)



Tsunami earthquakes

Can “tsunami earthquake” happen any subduction zones ?
How can we identify “tsunami earthquakes” in real-time ?

E*-
Slowness Parameter © = log,, —
Adio Newman and Okal (1998)

TSUNAMI EARTHQUAKES

300° 330° 0’ 30° 60° 90° 120° 150° 180" 210° 240° 270°

Figure made by Emile Okal (2015)



Maximum earthquake size

in the world’s subduction zones



Convergence rate (mm/yr)

What controls the maximum earthquake size ?

Ruff and Kanamori (1980) Stein and Okal (2007)
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Can any subduction zone host M~9 earthquake?

Faster subduction =pshorter recurrence interval = more chance to be observed
Slower subduction mplonger recurrence interval ™ less chance to be observed
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Figure 1. Map of world’s major subduction zones (thick gray lines) and tectonic plate boundaries (Bird, 2003). Filled circles show locations §
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Estimation of Mmax from seismicity data

% 1923 - 2014 JMA data
% log n(M) = 7.663 - 0.881M
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Estimation of Mmax from seismicity data
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GEM report: an attempt to estimate Mmax

Table 3.1 Subduction Zone Parameters.

*Note all subduction zones divided into segments (Alaska, Central America, much of the South American margin) are divided into segments to preserve the trench geometry and
\ kinematics for these very long subduction zones. However, they will be treated as a single, long segment in the seismic hazard models.

Left E_ Left N_L Left REL_ Left REL_  Right_ E_  Right N_ Right_REL Right REL  Length

Subduction Zone  Segment Plate pairs
GLOBAL EARTHQUAKE MODEL LONG AT VEL Azl LONG LAT _VEL Azl (km)
working together to assess risk Alaska Komandorski PA\NA 164066  55.209 746 311 170700 52.498 743 313 531
Alaska Western Aleutians ~ PA\NA 170700  52.498 743 313 162413 53367 64.0 329 1963
Alaska Shumagin PAWA  -162413  53.367 64.0 329 -157.98  54.101 61.0 332 302
Alaska Semidi PAWA  -157.986  54.101 61.0 332 154160 55239 8.4 336 279
Alaska Kodiak PAWA 154160  55.239 58.4 33 149220  56.925 55.0 340 361
Alaska 2::§§ William PAWA  -149.220  56.925 55.0 340 144316 59.918 514 347 444
T h e G E M F au |t e d E a rt h S u b d u Ct i on Alaska Yakataga PAWA  -144316  59.918 514 347 -140.128 60381 49.0 350 250
Cascadia JFNA 130850  51.612 47.8 58 124742 40313 327 58 1415
Japan PA\OK 141992 34666 93.0 204 144454 40847 911 295 742

M M H Kanto PS\OK 138.674 35.034 36.0 317 141.883 34213 34.1 312 312
C h a ra Cte r I S a t I 0 n P rOJ e Ct Nankai PS\AM 132.824 30.754 55.7 310 138.674 35.034 44.4 310 762

Table 3.1 Continued.

Dip- Trench Updip Updip Updip COWNeiP  Downdip Downddip i Coupling
Subduction Zone ~ Segment P renc peip P ‘|p Pap depth - depth - depth - ! ! . Width coefficient -
. pref depth  _pref _min _max £ R - pref - min - max ref
Report produced in the context of the GEM Faulted Earth Global pre mn max P
C t Alaska Komandorski 15 5.5 105 5.5 24 35 25 45 95 4 153 0.5
om po nen Alaska Western Aleutians 18 7 12 7 27 50 30 55 123 10 155 0.5
Alaska Shumagin 14 6 11 6 16 26 20 32 62 17 107 0.16
Alaska Semidi 14 6 11 6 24 30 25 50 79 4 182 0.7
Alaska Kodiak 8 4.5 9.5 45 245 28 25 50 133 4 327 0.8
Alaska Prince William 6 45 145 45 245 42 25 50 263 5 435 08
Sound
Alaska Yakataga 15 4 9 4 9 15 10 20 23 4 62 0.5
Cascadia 15 25 7.5 25 125 25 20 30 68 29 106 0.8
Japan 15 7 7 7 7 50 40 65 166 128 224 0.7
Kanto 15 1 6 1 9 25 20 30 73 43 112 0.9
Nankai 15 35 8.5 35 115 25 20 30 64 33 102 0.9
Kurile-Kamchatka 16 8 13 8 16 50 40 60 134 87 189 0.8
Ryukyu 15 6 11 6 14 20 15 25 35 4 73 0.2
Table 3.1 Continued.
Coupling Coupling
. - . Mmax - Mmax - Mmax - B-value - B-value - B-value -
Subduction Zone  Segment coefficient  coefficient ) .
) pref min max pref min max
- min - max
Alaska Komandorski 03 0.7 8.40 8.00 8.80 0.54 0.4 0.8
Alaska Western Aleutians 03 0.7 9.42 9.20 9.63 0.8 0.7 1
Alaska Shumagin 0.02 0.7 7.93 7.50 8.35 0.54 0.4 0.8
. Alask Semidi 0.6 0.9 8.50 8.34 8.50 08 0.7 1
Version 1.0 —June 2013 ot emict
Alaska Kodiak 0.9 1 9.20 8.63 9.20 0.8 0.7 1
1 2 3 .4 5 .1:6 ) -
K. Berryman®, L. Wallace®, G. Hayes”, P. Bird", K. Wang’, R. Basili’, Alaska gg::zwﬂham 09 1 9.20 9.00 9.20 0sa 04 08
7 . 8 .9 .10 . 11 12
T. Lay’, R. Stein”, T. Sagiya”, C. Rubin™, S. Barreintos ™, C. Kreemer™~, Aaska Yakataga 03 07 810 800 810 0sa 04 08
. .l .13 a1 3 14
N. Litchfield”, M. Pagani™, K. Gledhill", K. Haller”, C. Costa Cascadia 07 09 9.00 8.80 9.20 054 0.4 08
! GNS Science 2 University of Texas, Institute for Geophysics > USGS * UCLA Japan 06 09 9.08 9.00 9.16 1 08 12
. . 5 . . Kanto 0.8 1 8.21 8.00 8.42 1 038 12
® Canada Geological Survey ® INGV ’ University of California Santa Cruz ® USGS Nankoi 08 . 870 850 8.9 054 04 o8
° Nagoya University '° Earth Observatory ** University of Chile ** University of Kurile-Kamchatka 07 09 937 9.00 973 1 08 12
1 . 14 . . .
Nevada ** GEM Foundation ** University of San Luis Ryukyu 01 07 8.54 8.00 9.09 08 07 L
lzu-Bonin 0.1 0.7 8.21 7.20 9.21 08 0.7 1

Marianas 0.1 0.7 834 7.20 9.48 0.8 0.7 1



Maximum earthquake size

around Japan



ERC’s long-term forecast of Nankai Earthquakes

e Based on recent events with
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ERC’s forecast in Sagami Trough
Previoui (2004)1
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Summary

Far-field tsunamis (arrival times, waveforms) can be accurately
forecasted within a few hours of great eq.

For near-field tsunami warning, possibility of “tsunami
earthquakes” and possible maximum earthquakes size would be

useful information.
“Tsunami earthquake” may occur any subduction zones.

Maximum earthquake size in the world’s subduction zones are
being estimated by various methods, such as paleoseismological
data, plate convergence rate/coupling ratio, or seismicity.

TOWS-WG Inter ICG Task Team is summarizing the current status
of the above research for tsunami warning operations.

Attempts to estimate Mmax have been done in Japan.



