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Tsunami Warning Improvement
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Rapid magnitude determination from peak amplitudes for tsunami warning
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Rapidly determining the magnitude soon after a great earthquake is necessary for issuing effective tsunami warnings, &
demonstrated in the great earthquake off Tohoku district in Japan on March 11, 2011. The earthquake magnitude for the fir
tsunami warning was underestimated due to magnitude saturation.

We present an empirical method to determine magnitude rapidly from peak velocity and displacement of long-period seismic
waves up to 100 seconds at local stations. When waveform data at local stations are available, the magnitude from S-wave peaz
is expected to be determined faster than that from only P-wave peaks. Velocity/displacement records are obtained from stron
motion acceleration records with numerical integration. Processing with recursive digital filters makes it possible to observe
magnitude value change soon after the hypocenter determination.

It took about 140 second to estimate a magnitude of about 9 for the March 11, 2011, earthquake, which enables us to issue tl
first tsunami warning within three minutes after the same type of earthquakes. It was also possible to get a magnitude value «
8.8 for the 2010 Chile Maule earthquake within three minutes from the origin time.

Correction for epicentral distance is applied for the magnitude determination. Effect of the hypocenter location on magnitude
value was estimated for the events on March 11, 2001. Magnitude values were calculated with assumed hypocenter locatiot
within the source area, and the magnitude differences were no more than 0.1 in a large part of the source area. Focal mechani
also affects the observed peak amplitudes. Effect of focal mechanism is considered to be slight for local events, and it could b
considerable for the case of observing events near Kuril Islands on Japanese islands.

We used data obtained by Japan Meteorological Agency, University of Chile, and National Research Institute for Earth Scienc
and Disaster Prevention.
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Development of the system for high-precision prediction of coastal tsunami wave heights
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Ocean bottom seismic and tsunami network along the Japan Trench (2)
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Huge tsunami, which was generated by the 2011 off the Pacific Coast of Tohoku Earthquake of M9 subduction zone earthquak
attacked the coastal areas in the north-eastern Japan and gave severe casualties (about 20,000 people) and property damag
the areas. The present tsunami warning system, based on land seismic observation data, did not work effectively in the case
the M9 earthquake. It is strongly acknowledged that marine observation data is necessary to make tsunami height estimatic
more accurately. Therefore, new ocean bottom observation project has started in 2011 that advances the countermeasures age
earthquake and tsunami disaster related to subduction zone earthquake and outer rise earthquake around Japan Trench and k
Trench. A large scale ocean bottom cabled observation network is scheduled to be deployed around Japan Trench and Ku
Trench by 2015. Concepts of this network are: 1) Locate one station by each M7-7.5 class seismic source region (that is minimur
size tsunami generation earthquake). 2) Incorporate the land and sea networks in on observation network. The network consis
of about 150 ocean bottom observation stations. Ocean bottom fiber optic cables, about 5,700 km in total length, connect th
stations to land. Observation stations with tsunami meters and seismometers will be placed on the seafloor off Hokkaido, of
Tohoku and off Kanto, in a spacing of about 30 km almost in the direction of East-West (perpendicular to the trench axis) and in
a spacing of about 50 - 60 km almost in the direction of North-South (parallel to the trench axis).

This cable system is divided into 6 subsystems. Both ends of each cable subsystem will be landed, and electric power will b
fed from both sides. And also all data will be acquired from both sides in order to ensure operation in case of cable trouble. Ir
addition, the neighboring cables will be brought into the same landing station, and 6 subsystems are going to be finally connecte
into one big loop. By do this, the minimum data necessary for the warning which is acquired the whole cable subsystems can b
transmitted from one landing station of somewhere.

Two sets of JAE three component servo accelerometers, a Geospace Technologies three component velocity seismomete
and two Paroscientific quartz type depth sensors and a three-component quartz type accelerometers (frequency outputs) will
installed. Tsunami data and seismometer data will be digitized at sampling frequency of 10 Hz and 100 Hz, respectively, anc
will be added clock information at land stations. These digitized data will be transmitted to the data centers (main at NIED and
backup at ERI), JMA (Japan Meteorological Agency), universities, and so on, using IP-VPN network.
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Xdevelopment of GPS tsunami meter —-A data communications experiment using ETS.
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Simulation of distant tsunami propagation with a loading deformation effect

o000 ™ oooot
Daisuke Inazli, Tatsuhiko Saitb

looooooooo
INational Research Institute for Earth Science and Disaster Prevention

vbboooooobooboboooboooooobobooooooooboooooboobobobooboooooon
oo0dd1wJooooooooooooogooooooooooooooooo0gooooooogooooooo
gbooooooobobobooooooobooboboooboooooobobobobooooooboOobobooooon
gogooz20lo00goooooz20110ooooooooooogoooooooooooDooooooooboogooo
O0000Ob0000oDbbo0o0 230000

goooo:ogoo,oo,oooad
Keywords: tsunami propagation, travel time, loading deformation

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

HDS26-07 0 0:301B 00:50 210 09:15-09:30

Jooodooddoddoodooodoodoooogodgn _
Cause of travel-time difference between observed and synthetic waveforms of distan
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Magnitude of the Western Canada Earthquake Tsunami of October 27,2012
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Dispersive tsunami generated by the 2013 off the Santa Cruz Islands earthquake (M8.0)
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Analysis of Tsunami Generated by the 1994 East Java Tsunami Earthquake
Analysis of Tsunami Generated by the 1994 East Java Tsunami Earthquake

Haris Sunendat, Yuichiro Taniokd, Aditya Gusmah
Haris Sunendat, Yuichiro Taniokd, Aditya Gusmah

11SV-Hokkaido University
11SV-Hokkaido University

A tsunami earthquake (Mw7.8) occurred off the south coast of Java Island, Indonesia on June, 1994. This earthquake generat
a large tsunami. Average tsunami height of around 4-6 meter along the south coast of East Java and maximum tsunami height
13 meter were measured by a field survey (Tsuji et al., 1995). Tsunami waveforms of this event were also recorded at two tid
gauges in Cilacap, Central Java and Banyuwangi, East Java.

To simulate the tsunami propagation and inundation, Geoclaw model is used. Bathymetry dataset used for the simulation i
assimilated from Indonesian Navy-chart, GEBCO 30 arc second, and topography data of Indonesian Geospatial Informatio
Agency base-map with scale of 1:25.000.

The propagation and inundation is simulated using source model estimated by seismic data analysis of a previous study (Bile
and Engdahl, 2006). The simulation results were compared with the measured tsunami heights, inundation extents, and tsuna
waveforms at the two stations. The seismic source model produced tsunami heights of only about 12% of the measurements. Tt
mean that source model from seismic data could not explained tsunami heights along the coast.

Therefore, we try to add an additional source model which can explain tsunami heights and tsunami waveforms data. Thi
additional fault model is located near the trench in the shallowest segment of subduction zone. The estimated source mod
produced tsunami heights of about 70% of the measured data.

0 0000 : East Java Tsunami, tsunami earthquake, tsunami waveforms, tsunami heights
Keywords: East Java Tsunami, tsunami earthquake, tsunami waveforms, tsunami heights
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Analysis of the doublet outer-rise earthquake and tsunami in Off-Miyagi coast occurred

in 7 December 2012 _ - o
Analysis of the doublet outer-rise earthquake and tsunami in Off-Miyagi coast occurred

in 7 December 2012

Abdul Muhari*, Kentaro Imai, Anawat Suppasti Fumihiko Imamura
Abdul Muhari*, Kentaro Imai, Anawat Suppasti Fumihiko Imamura

linternational Research Institute of Disaster Science, Tohoku University
lInternational Research Institute of Disaster Science, Tohoku University

An earthquake with M7.3 occurred in Off-Miyagi coast, Japan in 7 December 2013. This earthquake was reviewed differently
from seismological point of view. The US Geological Survey (USGS, 2012), for instance, concluded this event as reverse faulting
in oceanic lithosphere. In contrary, the Geofon program (GFZ, 2012) and Aqua project (NIED, 2012) suggested the event a
the normal faulting in the subducted slab. Global moment tensor (Harvard, 2012), however, examined this event as double
earthquake consists of two different fault mechanisms as described by the previous sources. We carried out numerical analysis
determine the appropriate source and reconstruct the tsunami by verifying the simulated waves with the observed tsunami in
tide gauges and one GPS buoy (central Miyagi) in off-Miyagi coast. We conclude that tsunami were generated by two earthquake
where the reverse fault occurred much deeper than the normal faulting yield a lower through followed by high amplitude peak of
the first tsunami wave.

0O 00O O 0O : normal fault, outer-rise earthquake, tsunami simulation
Keywords: normal fault, outer-rise earthquake, tsunami simulation
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Tsunami Vulnerability Assessment of the Southern Boso Peninsula
Tsunami Vulnerability Assessment of the Southern Boso Peninsula

Gerasimos Voulgarig
Gerasimos Voulgarig

LUniversity of Tsukuba, Spatial Information Science
LUniversity of Tsukuba, Spatial Information Science

The Southern Boso Peninsula has been affected by tsunamis during historic years and during the Holocene. This study &
tempted to assess the tsunami hazard in the southern Boso Peninsula city of Tateyama, and assess the vulnerability in two
Tateyamas districts of Aihama and Mera. By using GIS it was possible to establish an inundation scenario for Tateyama, as we
as to roughly approach some of its potential threat to the locals. Utilizing GIS and the Papathoma Tsunami Vulnerability Assess
ment model allowed for the vulnerability assessment of buildings in the scenario floodzone of Aihama and Mera. Applying a
building population estimation model in both the hazard assessment of Tateyama and the vulnerability assessment of Aihama a
Mera, allowed the estimation of the population distribution in dangerous zones and buildings in different vulnerability classes.
Results show that almost half of the buildings in Tateyama and more than half of its population would be affected by the tsunam
of the considered worst-case scenario. For the coast of Aihama and Mera, almost half of the buildings show high or very hig}
vulnerability to tsunamis, with the population in these buildings distributed in similar fashion.

0 00O 00 : Tsunami, Vulnerability, Boso Peninsula, GIS, PTVA Model, Tateyama
Keywords: Tsunami, Vulnerability, Boso Peninsula, GIS, PTVA Model, Tateyama
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Field Survey of the Beppu Bay Tsunami accompanied by the 1596 Keicho Bungo Earth-

guake
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Maps and speeds of Tsunami measured by oblique mono photogrammetry with vide«
image in Asahi City,Chiba Prefecture
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High resolution tsunami inundation simulation using an unstructured mesh finite volume

method and the K computer
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Uncertainties of tsunami wave height in the tsunami simulation due to dynamic fault
rupture effects
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Numerical simulation of tsunami in Suruga Bay by debris avalanche of Mt. Fuiji
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Forward calculation of the electromagnetic field induced by tsunamis, using non-uniform

thin-sheet approximation.
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versity of Tokyo

A seafloor geomagnetic observatory in the northwest Pacific detected clear electromagnetic (EM) variations associated wit
tsunami passage from two earthquakes that occurred along the Kuril Trench (Toh et al., 2011). Previous seismological analys
indicated that the M8.3 earthquake on 15 November 2006 was an underthrust type on the landward slope of the trench, while tt
M8.1 earthquake on 13 January 2007 was a normal fault type on the seaward side (Ammon et al., 2008).

We tried to simulate the frequency dependence of the observed EM signals, using a three-dimensional (3-D) non-uniforn
thin-sheet approximation, which can accommodate not only the inducing non-uniform source fields caused by particle motion:
of conducting seawater at the time of tsunami passage but also the self-induction effect within the ocean and its conductive sul
strata. Horizontal particle motions were calculated by Fujii and Satake (2008) with two types of hydrodynamic approximation,
viz., the Boussinesq approximation and the long-wave approximation. Because the dispersion effect of each tsunami was mo
remarkable in the 2007 event, the observed EM variations were expected to be more compatible with the simulated EM signal
using the Boussinesq approximation than the long-wave approximation.

As a result of the frequency analysis of the observed EM variations at the time of the 2006 event, the frequency of 1.04mH:
is most dominant, which is consistent with the result of the frequency analysis of the simulated horizontal particle motions. Also,
We confirmed that synthetic plane waves in a flat ocean induced ?-harmonic EM variations. The calculated EM amplitudes for the
2006 event at a period of 960s using the Boussinesq approximation were smaller than those with the long-wave approximatior
This can be interpreted as reflecting the dispersive effect.

In this presentation, we will further discuss the advantages and disadvantages of conducting the simulation in the frequenc
domain for tsunami EM signals and describe the necessity to use the Boussinesq approximation in order to elucidate the observ
EM signals at the time of the dispersive tsunami. Furthermore, we will discuss to what extent we can neglect the presence c
the horizontal components of the geomagnetic main field in evaluating the source dynamo currents. Also, we will emphasize
the usability and importance of the EM observation on the seafloor for tsunami forecast in comparison with the conventional
tsunami-height measurements at sea and/or the geomagnetic observations on land.
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Development of Ku-band broad band radar for tsunami monitoring
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We began to develop tsunami monitoring radars based on the idea of Ku-band broadband radars, which estimate precipitatic
with quite high range resolution. The final goal of the tsunami monitoring radars is to estimate the arrival time of tsunamis and
wave heights of them. The basic idea of the tsunami monitoring radars is quite similar to the Ku-band broadband radar; cente
frequency, frequency band, and range resolution, respectively, are 15.75 GHz, 80MHz, and 5m. Last year we had an observati
campaign with a prototype tsunami monitoring radar in Tanabe Bay, Wakayama prefecture, to test our method. We confirme
that the radar detected caps of sea waves and there was a linear relationship between radar reflectivity and the wave heights.
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Development of the synthetic waveform database for tsunami forecasting system base
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Pre-calculated tsunami inundations for site-specific tsunami early warning
Pre-calculated tsunami inundations for site-specific tsunami early warning
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During the 2011 Tohoku tsunami, within only 3 minutes after the earthquake, the JMA issued three types of messages fo
coastal areas in Japan, which are tsunami advisory, tsunami warning, and major tsunami warning. These advisory and warnit
messages are visualized as color-coded lines along the Japanese coastlines on a small-scale map and broadcast on televi:
These messages save many lives but unfortunately, in the case of 2011 Tohoku, are not enough to convince all people to imme:
ately evacuate. We argue that large-scale maps of predicted tsunami inundation area and height could better illustrate impendi
tsunami dangers and convince more victims to evacuate immediately.

To produce maps of predicted tsunami inundation, accurate information about tsunami source and pre-calculated tsunami it
undation are required. In this study we focus on the pre-calculated tsunami inundation aspect. We are building a database
pre-calculated tsunami inundation and developing a method to extract the appropriate scenario from the database for tsuna
warning purpose. We have simulated tsunami inundations using a high-resolution bathymetry dataset (1 arc-sec) in Kushirc
Hokkaido from 304 thrust earthquake scenarios in the subduction zone offshore of Hokkaido. The simulated maximum tsunarmr
inundations in Kushiro and tsunami waveforms at 45 observation points within 12 km from the shoreline are stored in a database

For a test case study, we simulated tsunami inundations in Kushiro from a hypothetical great earthquake offshore Hokkaid
using the high-resolution bathymetry dataset to get a reference for validation. The tsunami waveforms at the observation point
can be simulated using linear shallow-water equations on a lower resolution grid system to reduce the simulation time. Tsunan
waveforms at the observation points from the scenarios in the database can be searched to find ones that best resemble those f
the hypothetical event by using RMS analysis with shifting of waveforms by an optimal time shift. Then the simulated tsunami
inundation of the corresponding scenario is chosen as the predicted tsunami inundation. When compared with the tsunami inu
dation of the hypothetical event, the predicted tsunami inundation has Aida number K that is within the threshold of +/- 0.4. To
complete the linear tsunami simulation and searching process, it requires less than 3 minutes with a regular laptop computer. V!
found that the method worked well enough to forecast the tsunami inundation area in Kushiro.
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Slip distribution and Coulomb stress change of the largest foreshock (Mw 7.3) of the 2011
Tohoku earthquake
Slip distribution and Coulomb stress change of the largest foreshock (Mw 7.3) of the 2011
Tohoku earthquake
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The largest foreshock of the 2011 Tohoku earthquake occurred off the coast of Miyagi at 02:45:12 on 9 March 2011 UTC. The
epicenters of the largest foreshock (143.28 E and 38.328 N) and the mainshock of the 2011 Tohoku earthquake (Mw 9.0) ar
separated by approximately 45 km. The tsunami waveforms generated by the largest foreshock were recorded by pressure ga
(TM1 and TM2) and GPS buoys (GPSB802, GPSB803, and GPSB804) deployed off the coast of Miyagi. We apply tsunami
waveform inversion method and include a spatial smoothness constraint to estimate slip distribution of the largest foreshock
Earthquake parameters of strike = 192, dip = 14, and rake = 81 (USGS W phase centroid moment tensor solution) are used
this study. Then we predict the Coulomb stress change from the slip distribution and evaluate how the largest foreshock led t
the rupture of the great 2011 Tohoku earthquake.

The inferred slip distribution has a major slip region with 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. The major slip region is centered at a dept
of approximately 19 km. The center of the major slip region is located near the centroid for this event that was determined by
the USGS. By assuming the rigidity of 4 x 10710 N m™-2, the seismic moment calculated from the slip distribution is 1.2 x 10°20
N m which is equivalent to Mw 7.3. The slip distribution indicates that the largest foreshock did not rupture the plate interface
where the rupture of the mainshock was initiated. From the slip distribution, we calculated the Coulomb stress change on thrus
faults with the same geometry as the largest foreshock. Friction coefficient of 0.4 and rigidity of 4 x 10°10 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 mainshoc
(depth = 23.7 km). This indicates that the 2011 Tohoku earthquake was brought closer to failure by the largest foreshock.
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