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Fig.1. Aftershock areas and high slip areas of recent great earthquakes occurred along the Alaska-Aleutian
subduction zone. Add after Johnson and Satake(1997)
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Fig.2. Rupture areas of recent great subduction earthquakes occurred off Kamchatka (locations after
Fedotov et al., 1982). The star represents the epicenter of the 1952 earthquake. Add after MacInnes
et al.(1997)
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Effect of the largest foreshock
(Mw 7.3) on triggering the 2011 Tohoku earthquake (Mw 9.0)
Aditya R Gusman, Mitsuteru Fukuoka, and Yuichiro Tanioka

1. Introduction

The tsunami waveforms generated by the 9 March 2011 largest foreshock were
recorded by pressure gages and GPS buoys deployed off the coast of Miyagi. We apply
tsunami waveform inversion method [Satake, 1989] to estimate slip distribution of
the largest foreshock. We have previously used tsunami waveforms in estimating slip
distribution of the great 2011 Tohoku earthquake [Gusman et al., 2012]. Earthquake
parameters used in this study are based on the USGS W phase centroid moment
tensor solution (strike/dip/rake: 192°/14°/81°). We predict the Coulomb stress change
from the slip distribution and evaluate how the largest foreshock led to the rupture of
the great 2011 Tohoku earthquake.

2. Results and discussion

The major slip region of the inferred slip distribution has a dimension of 45 km X 45
km which is located on the down-dip side of the hypocenter (Figure 1). The slip
amounts on the major slip region range from 0.6 to 1.5 m. The major slip region is
centered at a depth of approximately 19 km. By assuming the rigidity of 4 X 1019 N m"
2, the seismic moment calculated from the slip distribution is 1.2 X 1020 N m which is
equivalent to Mw 7.3. Centroid for this event that was determined by the USGS is
located near the center of the major slip region (Figure 1).

Tsunami waveforms simulated from the slip distribution agree with the observed
ones at all stations (Figure 2). Standard error of the estimated slip distribution is
obtained using 50 models from the Jackknife resamples (the slip distribution with its
standard error can be seen in the auxiliary material). The maximum standard error
for the slip distribution is + 1.6 cm, which is relatively small (4.8%) compare with the
slip amount on the corresponding subfault. We also estimate source models with the
shallowest subfaults depths of 5 km and 15 km, in addition to the initial source model
with the shallowest subfault depth of 10 km. The RMS of residual between simulated
and observed tsunami waveforms from the slip distribution with the shallowest depth
of 10 km (RMS(10) = 0.0116) is smaller than those from the other slip distributions
(RMS(5) = 0.0147 and RMS(15) = 0.0173). The geometry of the preferred slip
distribution is consistent with the SLAB1.0 geometry in this region.
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The estimated slip distribution suggests that the 9 March 2011 largest foreshock
(Mw 7.3) did not rupture the plate interface where the dynamic rupture of the
mainshock of the 11 March 2011 Tohoku earthquake (Mw 9.0) was initiated (Figure
1). The epicenter of the mainshock is located adjacent to the southern termination of
the slip distribution. This indicates that highly resistive patch around the epicenter
of the mainshock was able to withstand the stress caused by the largest foreshock.
Stress increases larger than 0.1 bars commonly raise regional seismicity and thus
potentially bring a major fault to failure with delays ranging from seconds to decades.
From the slip distribution, we calculated the Coulomb stress change on thrust faults
with the same geometry as the largest foreshock (Figure 3). Friction coefficient of 0.4
and rigidity of 4 X 1019 N m?2 are assumed. The calculation shows that the Coulomb
stress increased by 1.6-4.5 bars within a 4 km radius of the hypocenter of the
mainshock (depth = 23.7 km). At the hypocenter, the stress increased by 3.5 bars. This
indicates that the 2011 Tohoku earthquake was brought closer to failure by the largest
foreshock.

Moreover, the stress changes caused by the largest foreshock triggered the
subsequent foreshocks. The foreshocks occurred on 9 March 2011 were mostly located
on the upper part of the major slip region of the largest foreshock. From 10 March
until before the 11 March 2011 Tohoku earthquake occurred, the foreshocks moved
toward the epicenter of the mainshock (JMA catalog) (Figure 1). The foreshocks
migration was interpreted as propagation of slow-slip by Kato et al [2012], the slow-
slip also increased the static stress on the plate interface in addition to that by the
largest foreshock. These static stress increases might have finally brought the 2011
Tohoku earthquake to failure.

3. Conclusions

We estimated the slip distribution of the largest foreshock of the 2011 Tohoku
earthquake by using tsunami waveforms at near-field stations. The major slip region
has a dimension of 45 km X 45 km which is located on the down-dip side of the
hypocenter. The slip amounts on the major slip region range from 0.6 to 1.5 m. By
assuming the rigidity of 4 X 1019 N m2, the seismic moment calculated from the slip
distribution is 1.2 X 1020 N m which is equivalent to Mw 7.3. The inferred slip
distribution shows that the largest foreshock did not rupture the plate interface where
the dynamic rupture of the mainshock was initiated. However, the largest foreshock
increased the Coulomb stress by 3.5 bars on the plate interface at the hypocenter of
the mainshock. The static stress changes from the largest foreshock might have
brought the great 2011 Tohoku earthquake closer to failure.
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Figure 1. Slip distribution of the largest foreshock of the 2011 Tohoku earthquake
inferred from tsunami waveforms. Blue star represents the epicenter of the largest
foreshock, light green star represents the centroid location (USGS), gray circles
represent the foreshocks occurred on 9 March 2011, and dark green circles represent
the foreshocks occurred from 10 March until before the 11 March 2011 Tohoku
earthquake was ruptured (JMA). Green lines are contours of the slip distribution for
the 2011 Tohoku earthquake [Gusman et al., 2012].
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Figure 2. Comparison between simulated and observed tsunami waveforms. Red lines
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observed tsunami waveforms, and black lines represent the observed tsunami
waveforms that are used in the tsunami inversion.
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Figure 3. Coulomb stress change predicted from the estimated slip distribution of the
largest foreshock for thrust faults with the same geometry as the largest foreshock.
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Coulomb stress change along B-B’ shown in Figure 5a. Black star indicates the
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40°N

= WCMT, Mw= 8.9
p (5 minutes)
5, strike/dip/rake :

221.1/24.2/137.2

38°N

36°N

WCMT, Mw= 8.99
(Final solution)
strike/dip/rake :
199.9/13.2/88.9

WCMT, Mw= 9.09
(10 minutes)
strike/dip/rake :
207.0/17.1/89.4

P

{
-

140°E 142°E 144°E 146°E
1 W7 z—RXEHWEHEREA V=V a VORSREHES N WEET L,
FRIFHUEERAED D 5 I OHER 2 AV CTHEE, FITHERAEND 10 RO
Ba W THEE, 7RI Limﬂﬁ;a&ﬁ/%awﬁﬁmo
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Tsunami Hazard Mitigation at Palabuhanratu, Indonesia
Yuichiro Tanioka, Hamzah Latief ITB Indonesia), Haris Sunendar (ITB Indonesia),
Aditya Riadi Gusman, and Shunichi Koshimura (Tohoku Univ.)

Abstract

Several large earthquakes have occurred in the Sumatra-Java subduction zone
recently, 1.e., the 2004 great Sumatra-Andaman earthquake, the 2005 great Nias
earthquake, the 2006 West Java tsunami earthquake, the 2007 great Bengkulu
earthquake, and the 2010 Mentawai tsunami earthquakes. Serious tsunami disasters
were also caused by great underthrust earthquakes such as the 2004 Sumatra-
Andaman, 2006 West Java, and 2010 Mentawai earthquakes that ruptured the plate
interface near the trench. At Palabuhanratu, maximum tsunami height distribution
and inundation areas near the Java trench were computed from an expected fault
model. The results shows that the most populated areas of Palabuhanratu would be
severely damaged by an expected tsunami caused by a fault model of Mw 8.5 (Fig.1).
After discussing tsunami disaster mitigation measures with the local government,
results for tsunami inundation areas in this study were used to decide tsunami
evacuation areas and evacuation routes (Fig.2). The local government also installed
tsunami evacuation sign boards near the coast.
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:
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Fig.1 Maximum tsunami height distribution and inundation area for the Mw8.5 fault
model. Maximum flow depth distribution is shown on land. The ellipsoid shows the
market area. The solid line shows the shopping street.
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PENYUSUNAN BASIS DATA
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Fig.2. Tsunami hazard map produced by the local government based on the results of
the tsunami height distribution and inundation area computed for the Mw8.5 fault

model.

Numerical Experiment and a Case Study of Sediment Transport Simulation of the
2004 Indian Ocean Tsunami in Lhok Nga, Banda Aceh, Indonesia
Aditya R. Gusman, Yuichiro Tanioka, and Tomoyuki Takahashi (Akita Univ.)

We use a two-dimensional tsunami sediment transport model to study the source of
the 2004 earthquake. To test the model behavior, numerical experiment on sediment
deposition and erosion is performed using various hypothetical parameters of tsunami
wavelength, topographic slope, and sediment supply. The numerical experiment
results show that erosion and deposition are strongly influenced by the tsunami
wavelength and the topographic slope. The model is used to compute the spatial
distribution of tsunami deposit thickness produced by the 2004 Indian Ocean over an
actual elevation datasets in the coastal area of Lhok Nga, Banda Aceh, Indonesia. The
model produced simulated tsunami deposits that have similar thicknesses with the
measured data along a surveyed transect. Then we estimate a simple fault model for
the southern portion of the 2004 earthquake using tsunami sediment transport
simulations. The simulated tsunami run-up from the fault model is very close to the
measured run-up (Fig.1.). This result indicates that a source process of a large
earthquake which generates a large tsunami can be estimated using sediment deposit

distribution data.
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Fig. 1. Simulated sediment and measured sediment thickness along transect
measured by Moore et al. (2006). Dark gray area represents initial bed elevation that
1s an unmovable bed layer, light gray area represents the simulated sediment deposits,
and circles represent the measured sediment thickness.
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