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Earthquake Early Warning of JMA - The 2011 off the Pacific coast of Tohoku Earthquake
and its aftershocks -

KIKUTA Haruyuki', HIRANO Kazuyukit, YAMADA, Yasuyuki'*, WAKAYAMA Akihiko !, MATSUI Masatd, HOSHIBA,
Mitsuyuki?, HAYASHIMOTO, Naok#?, AOKI, Shigek?

ISeismological and Volcanological Department, Japan Meteorological Agency (3MAadeorological Research Institute, Japan
Meteorological Agency (JMA)

Japan Meteorological Agency (JMA) started to provide EEW to a limited number of users from August 2006 and to the public
through TV and radio in October 2007. The Meteorological Service Act amended in December 2007 defined legally JMA EEW
as "forecast” and "warning” of strong ground motions caused by an earthquake. "Warning” is issued when Seismic intensity of
5 or larger (on JMA scale) is expected.

The 2011 off the Pacific coast of Tohoku earthquake (Mw9.0) occurred of Match 11, 2011, caused strong ground motion
around northeastern Japan. Before the strong ground motion hit cities, JMA issued EEW announcements to the general public
the Tohoku district. After the mainshock, JMA issued 96 warnings and 3751 forecasts from the mainshock to December 2011 (1.
months) for its quite active aftershocks and induced earthquakes. (Note that, from October, 2007 to March, 2011 (41 months
JMA issued 17 warnings and 1928 forecasts).

On the other hand, some inaccurate "warnings” were issued after the mainshock. From March to December 2011, JMA issue
27 "false-alarms”, caused by the active seismicity, in which seismic intensity did not exceed 3 everywhere in observation ever
when seismic intensity 5 lower (or larger) was expected.

The reason of the false-alarms is that multiple earthquakes sometimes occurred simultaneously over the wide source regic
during the period, the system became confused, and did not always determine the location and magnitude correctly,

In this presentation, we will present evaluation of the performance of EEW issuance, lessons learned from the earthquake
and various efforts and direction to improve EEW of JMA.
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Prediction of ground motion using real time monitoring -for real time ground motion pre-
diction -

HOSHIBA, Mitsuyuki*
I'Meteorological Research Institute

Earthquake Early Warning (EEW) aims at mitigation an earthquake disaster by giving people enough time to take appropri-
ate safety measures in advance of strong ground shaking. EEW system of the Japan Meteorological Agency(JMA) determing
quickly the hypocenter and magnitude (M) of the earthquake, and then predicts seismic intensity using empirical attenuatior
relation and site amplification factors. During the 2011 off the Pacific Coast of Tohoku Earthquake, the JIMA EEW was issued to
the Tohoku district as expected, but it was not issued to Kanto district because of the underestimation of seismic intensity. Th
underestimation can be attributed due to the large extent of the later fault rupture. For several weeks after the mainshock, whe
earthquakes sometimes occurred simultaneously over the wide source region, the system became confused, and did not alw:
determine the location and magnitude correctly, which leaded to some false alarms.

To solve above problems, Hoshiba(2011) proposed a method for expectation of ground motion based on Kirchhoff Fresne
integral method, in which hypocenter and M are not required. In this method, real time monitoring and estimation of wavefield
and propagation direction of the waves are important. The Green function is required beforehand.

In real applications for prediction of ground motion, site amplification factors are important. Though the site amplification fac-
tors are scalar values for current IMA EEW system, Iwakiri and Hoshiba(2011) concluded that the preciseness will be improvec
by 20% when frequency dependency is introduced into the site amplification correction. When the correction can be applied ir
real time manner, it become possible to synthesize the waveform by combining the application of the Kirchhoff Fresnel integral
method, which leads us to real time ground motion prediction.

For ground motion prediction for scenario earthquakes, source parameters such as the location of initial rupture and asperitie
are assumed and then waveforms are synthesized from the information. For real time ground motion prediction, waveforms ar
observed in real time manner and then predict based on the information. The real time ground motion prediction is expected t
apply to the Earthquake Early Warning.

Keywords: Earthquake Early Warning, Real time, Monitoring, Ground motion prediction
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Real-time fault area location of a massive scale earthquake-Wenchuan Earthquake-
TAN, Junhut*, HORIUCHI, Shigekt, Yuji Koi !
LGraduate School of Engineering,lwate University

1. Introduction It’s difficult to estimate accurate tsunami heights at a time of a massive earthquake occurrence, since obtainec
magnitude by Japan meteorological agency are always less than the moment magnitude due to the problem of so-called Mag
tude saturation. The Earthquake early warning uses a model of a point source to calculate seismic intensity, causing estimat
intensities less than actual ones. Using data of real-time seismic intensity of every one seconds, Horiuchi et al. (2011) develope
a method to determine time-and space distribution of fault area of the 2011 Off the Pacific coast of Tohoku Earthquake, ant
pointed out that these issues can be solved.

In 2008, a massive earthquake of M7.9 with a 280km fault length jolted Wenchuan County of Southwest China’s Sichuan
province. An estimated number of 80,000 people were found dead or missing in this catastrophic disaster. The length of th
fault was so long that beyond the faulting, the destructive shake started 10 seconds after the initiation of the faulting. The devel
opment of the real-time location of fault area distribution will help people to effectively escape from the disaster in time, and it
would also lighten the predicted damage. The report applied the Horiuchi etc. method to the Sichuan Wenchuan earthquake. A
improvement to this method was made to make sure that it would be applicable in China.

2. Real-time location of fault area distribution Shi and Midorikawa(1999), Matsuzaki et al.(2006), showed that the seismic
intensity is represented by the function of shortest distance from the seismic fault and determined empirical formulas. Shakin
intensity by the empirical attenuation relation is put as,

S =S(M,D,H,C) Q)

where, D, H, and C are magnitude, fault distance, depth and site amplification. Assuming S of eq. (1) to be measured seismi
intensity of every one seconds, time function of fault distance is

D(t) = D(S(t),M,H,C) 2

Present study, similar with that of Horiuchi et al., determines real-time distribution of fault area by using equation (2) and pro-
jecting them onto the line connecting the epicenter and the observation point. We projected them only when calculated seismi
intensities by the empirical attention are larger than the observed intensity.

3. ResultObtained direction of the fault is consistent with the result of the aftershock distribution or the results of waveform
inversion when using the Shi and Midorikawa (1999)’s empirical equation, but the length of the fault was approximately doubled.
The reason is caused by the data of large seismic intensities in a region 200km-500km northeast from the northeastern edge
the fault. There, empirical attenuation relation was changed for Chinese Mainland and was re-calculated. The source region
the results obtained the present study is in good agreement with the results estimated by data of aftershock distribution.

Since the present method is simple and can estimate nearly correct real-time distribution of fault, it can be used for an EEV
system in China, which can provide information to eventually mitigate earthquake disaster at a time of a massive scale eartt
quake.

Keywords: Massive earthquake, Fault area, Real-time estimation, Fault, Seismic intensity, Empirical attenuation relation
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Classification of Simultaneous Multiple Earthquakes for the Earthquake Early Warning
System

YAMADA, Masumi'*, LIU, Annie?, MORI, Jame§
IKyoto University,2Caltech

The 2011 off the Pacific Coast of Tohoku Earthquake (Mw9.0) caused significant damage over a large area of northeaster
Honshu. An earthquake early warning was issued to the public in the Tohoku region about 8 seconds after the first P-arriva
which is 31 seconds after the origin time. There was no blind zone, and warnings were received at all locations before S-wav
arrivals, since the earthquake was fairly far offshore.

Over 70 early warnings for strong shaking were also broadcast during larger aftershocks. In general, the system worked we
for these smaller events, but there were significant errors caused by event mislocations. Immediately following the earthquaks
the waveforms of some large aftershocks were contaminated by long-period surface waves from the mainshock, which made
difficult to identify P-wave arrivals. Also, correctly distinguishing and locating later aftershocks was sometimes difficult, when
multiple events occurred within a short period of time.

In this presentation, we propose a new approach to classify simultaneous multiple earthquakes in the current JMA syster
framework. We introduce a Particle Filter approach, also known as sequential Monte Carlo method, to estimate the most probab
event parameter values, which include location, magnitude, and origin time. This approach provides a probabilistic solution tc
the problem of classifying multiple events. We formulate the likelihood function using the attenuation relationship in the current
JMA system, and test the aftershock data of 2011 Tohoku earthquake. The results show that this approach can correctly class|
multiple events occurred around the same time in several case studies.

Keywords: Earthquake Early Warning
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GRID MT with W-phase monitoring system for tsunami early warnin
TSURUOKA, Hiroshi*, Luis River&
LERI, Univ. Tokyo,2Universite de Strasbourg

The GRID MT system (Tsuruoka et al., PEPI, 2009) is the real-time monitoring analysis system that continuously monitors
long-period seismic wave field at a period of 20-50s recorded by broad-band seismometers. This analysis system automatical
and simultaneously determines the origin time, location and moment tensor of seismic events within 3 min of their occurrence
without earthquake information such as QED etc. This system has been in operation since April 2003 at the Earthquake Resear
Institute.

For tsunami early warning purposes, we have implemented a W-phase source inversion algorithm (Kanamori and Rivera, GJ
2008) into the GRID MT system (we call this system GRiD MT with W-phase monitoring system) using SeedLink software
developed by GEOFON and later adopted by IRIS. W-phase is a very long-period (typically 200-1000s) phase starting aftel
the P-wave arrival, and is suitable for fast source parameter determination for largex(Fjwearthquakes. When broad-band
seismograms are available at distanees30 deg), we can detect seismic events and determine satisfactory mechanism solutions
within 15 min after the earthquake occurrence.

We compared GRiD MT with W-phase monitoring results with W-phase source inversion results for events {Mvecurred
from 2005 to 2011 in the World. From the results, (1) this system detects earthquakes and determines the source parameters w
a high level of precision and complete automation within 15 min of the earthquake occurrence. (2) The origin time and locations
are similar to those of PDE catalogue or GCMT catalogue. (3) The focal mechanism and moment magnitude obtained by tw«
systems are very similar. The preliminary results suggest that this system provides rapid and reliable source parameters use
for tsunami warning purposes.

Keywords: realtime, earthquake analysis system, W-phase, Tsunami
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Improvement of MT/CMT analyses in the AQUA (Accurate and QUick Analysis System
for Source Parameters) system

KIMURA, Hisanori'*, ASANO, Youichi', MATSUMOTO, Takumi
INational Research Institute for Earth Science and Disaster Prevention (NIED)

Quick determination of hypocentral parameters and its transmission to the public are very valuable in the viewoint of disas-
ter mitigation. We have operated an automatic system called the Accurate and QUick Analysis System for Source Paramete
(AQUA system) since 2005 (Matsumura et al., 2006). In this system, the moment tensor (MT) and centroind moment tensol
(CMT) solutions have been automatically estimated after determination of an initial hypocenter. However, after the 2011 Off the
Pacific coast of Tohoku Earthquake, several limitations have been recognized. So, we improved the AQUA system to solve thes
problems.

The AQUA system could not determine the MT/CMT solutions of the 2011 Off the Pacific coast of Tohoku Earthquake. This is
because NIED F-net broadband seismometers were saturated due to large amplitude excited from this earthquake. Furthremc
size of the initial hypocenter was underestimated at the initial stage of rupture process due to short processing time. On the oth
hand, numerous aftershocks occurred around the outer rise far from the inland seismographic network. Their initial hypocentre
depths have large uncertainties and their MT/CMT solutions were not determined accurately.

To solve these problems, we used records from NIED F-net velocity type strong motion seismograph. These types of seismc
graphs provide unsaturated records not only for the mainshock, but alsoxf@rédrthquakes at closer stations. In the AQUA
system, proper parameters are selected according to event size and MT/CMT analyses are repeated at larger stage when lal
size is estimated at some stage. We increased maximum number of this repetition of analysis from 1 to 10. We modified pa
rameters such as search range of centroid time, to analyze M9-class earthquake accurately. We used 0.005-0.02 Hz records
M>8 earthquakes, in contrast to 0.01-0.05 Hz records in the original system. We broadened search range of centroid depth f
earthquakes far from the seismographic network to process aftershocks around the outer rise.

After above improvement, we re-analyzed the mainshock with the M5-class initial hypocenter and obtained result with mo-
ment magnitude Mw of 8.6 after repetition of analyses at each stage. We also re-anatyZeaftershocks. Comparing these
results with GlobalCMT (Global CMT Web Page), focal mechanisms, sizes, and centroid depths show good coincidence. Size
are consistent with those of GlobalCMT within Mw difference of 0.1 except the mainshock. However, difference is large for the
mainshock compared to Mw9.1 of GlobalCMT. This might be because a passband of analysis is not adequate for an M9-clas
earthquake. So, we used 0.0025-0.01 Hz records and obtained result of Mw8.9. This result shows good coincidence with Glot
alCMT (Mw9.1) and other results (e.g., Ozawa et al., 2011; Suzuki et al., 2011; Mw9.0). Further improvement is necessary tc
shorten analyzing time.

Keywords: Centroid moment tensor, Earthquake Early Warning, the 2011 Off the Pacific coast of Tohoku earthquake, outer ris
earthquake
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tEstimation of extended source area during a great earthquake for upgrading the EEW sy
em

KURAHASHI, Susumi*, IRIKURA, Kojiro!
L Aichi Institute of Technology

1. Introduction

The seismic intensities predicted by the Earthquake Early Waning are possibly underestimated in comparison with the ob
served one for great earthquakes. It is caused to the fact that the attenuation-distance relationships of PGV and PGA for sut
earthquakes are well expressed as a function of not epicentral distance but shortest distance from site to source fault. So far, \
have found that the attenuation-distance relationships of both horizontal and vertical PGAs tend to have some saturation near t
source faults during large inland earthquakes. We have also found that the time of the saturation of the vertical PGA is generall
earlier than that of the horizontal PGA. Based on the above results, we can provide the information about the rupture extensio
before the arrival of the main motions for large inland earthquake (Kurahashi et al., 2010).

The 11 March 2011 giant earthquake with Mw 9.0 occurred off the Pacific coast of Tohoku, and is one of the historically
largest subduction earthquakes in or near Japan. We examined the saturation of the vertical PGAs near the source area of t
earthquake. In this study, we try to check the applicability of our methodology to the EEW information for great subduction
earthquakes.

2. Procedure

The procedure to calculate seismic intensity using our methodology for great subduction earthquakes is shown as follows.

1: The extent of the source fault is assumed from the distribution of stations where vertical PGAs of more than 200gal are
observed. 2: The vertical PGA at each site outside the source extent is calculated using the empirical attenuation-distance r
lationship of the vertical PGAs and shortest distance from each site to the source fault. 3: The seismic intensity at each site |
predicted using the empirical relationship between vertical PGA and seismic intensity.

3. Check the applicability of our methodology
First, we compare source extent estimated from saturation of the vertical PGAs with rupture area from inverted source mode
In this study, source area is defined as follows. The source length is diameter of the extent of the observation points where PG
exceeds 200 gal. The source width is assumed as half of the source length. We confirmed that the source area above estima
approximately coincides with the rupture area from the scaling relation of rupture area vs. seismic moment for subduction earth
guake by Murotani et al. (2010).

Next, we examined attenuation relationship of the vertical PGAs. The decay of the PGA with distance beyond the saturatior
extent has almost same tendency independent of seismic magnitude. In this study, the attenuation relationship distance us
Nishimura and Horike (2003). Vertical PGAs at target sides outside the source extent are calculated from the attenuation distan
relationships.

4. Result and Conclusion

The predicted seismic intensity map obtained from vertical PGAs of Tohoku earthquake is shown in Fig 1. The predicted
seismic intensity agrees well with to observed seismic intensity.

We found that vertical PGAs at stations near the source fault of the Tohoku earthquake have some saturation, although the s:
uration levels are changeable due to site effects. The extent of the source fault is assumed from the distribution of stations whe
vertical PGAs of more than 200gal are observed. The seismic intensity at each site is predicted using the empirical attenuatiol
distance relation of vertical PGA and shortest distance to the source fault. This methodology is available as one of updating EEV
system.

Keywords: The Earthquake Early Warning, great earthquake

1/2



Japan Geoscience Union Meeting 2012
(May 20-25 2012 at Makuhari, Chiba, Japan)

©2012. Japan Geoscience Union. All Rights Reserved.

J;

apan
Geoscience

SSS40-PO1

4100

4030

Observed intensity
1909 0

L

P oy ‘:&'%

o 1 2 3 4 5 8 7

Intensity.

Room:Convention Hall

aro0 eReYeracs

| Caucused intensity
Al W )
000, VA 07208

‘o:%oO mma“f;

| Vf. &6 .'f"»’\&.u 4

o———r————
0 1 2 3 4 5 6 17

Intensity.

2/2

Time:May 21 13:45-15:15



Japan Geoscience Union Meeting 2012 @ ;«
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ pen

Geoscience
Union

SSS40-P02 Room:Convention Hall Time:May 21 13:45-15:15

A detection method for large earthquake based on counting a number of seismic intensit
observation stations

NAKAMURA, Hiromitsu'*, KUNUGI, Takashl, AOI, Shin', FUJIWARA, Hiroyuki!
INational Research Institute for Earth Science and Disaster Prevention

An Earthquake Early Warning (EEW) was issued for central Miyagi Prefecture and surrounding areas 8.6 seconds after th
2011 Tohoku Earthquake was detected. The warning times before a seismic intensity corresponding to 5-lower, that was obserwvi
at K-NET and KiK-net stations, are about 15 seconds for Miyagi Prefecture, more than 20 seconds for Iwate and Fukushim:
Prefecture and more than one minute for Ibaraki and Tochigi Prefecture. The EEW played a role in providing information in
terms of early warning. On the other hands, a seismic intensity of 5-lower or greater was observed over a wide area fron
Nakano Prefecture to Aomori Prefecture, so it is clear that the EEW system underestimated the seismic intensity. In addition, th
first Tsunami Warning that was issued three minutes after the earthquake occurred also underestimated the height of the actt
tsunami. The common factor in these underestimations is mainly the underestimation of the earthquake’s size. Therefore in th
study, we have developed a detection method for large earthquake based on counting a number of seismic intensity observati
stations. The advantage of this method is that it is not always necessary to have information regarding the earthquake source. T
method we have developed, counting a number of the seismic intensity observation stations, is a relatively simple method. But w
found out that it is effective for detection of large earthquakes that are inland or offshore close to land (fig.1). In addition, when
used in combination with the real-time calculation method by Kunugi et al. (2008), there is the benefit of making the real-time
processing easier.

Keywords: seismic intensity, earthquake early warning, K-NET, 2011 Tohoku Earthquake
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Is it possible to be early magnitude estimation of the 2011 Tohoku earthquake fram tau
by increased time window?

IWAKIRI, Kazuhiro'*, DOI, Keiji', HOSHIBA, Mitsuyuk?
1 Japan Meteorologial AganciMeteorological Research Institute

Introduction

The tauc method has been proposed as one of the algorithms for Earthquake Early Warning system for rapid estimation o
eventual M (e.g., Wu and Kanamori, 2005). This method is based on the scaling law that large earthquakes are expected to |
relatively richer in low-frequency than small earthquakes. Thectaaverage frequency of the seismic waveform, is calculated
from the initial 3 s of the seismic waveform at the stations close to the epicenter, which is used to estimate the eventual M from the
empirical tauc-M relation. Applying the taic method to the 2011 Tohoku earthquake (Mw9.0), it would be difficult to estimate
that the Mw9.0 event would be larger than the Mw7.3 event (Hoshiba and Iwakiri, 2011).

Is it possible to estimate appropriately M of the huge earthquake froro tbwe use long time windows or the stations far
from the epicenter? Even if as long as 30 s is used for window, or the stations far from the epicenter are analyzed, it would b
available in terms of rapidity of the tsunami forecast. Zollo et al., (2011) showed that the M of the 2011 Tohoku earthquake
was estimated to be more than 8.5 from_tamethod by using initial 30 s of the P-wave portion at the stations far from the
epicenter. This suggests that the_tamethod has possibility of rapid estimate of M of the huge earthquake, even though its
inherent rapidity of M estimation would be lost.

In this study, we investigate the possibility of rapid M estimation of the 2011 Tohoku earthquake framtathod by
increasing time window length and/or by using the stations far from the epicenter.

Data and analysis

The earthquakes used in this analysis were 22 events occurred from January 2000 to December 2011 in and around Jap:
in which we analyzed events of MF6.8 and focal-depti=20km for inland area and Mj=7.0 and focal-depti=80km for
offshore area. We used the vertical-component accelerograms of the earthquakes recorded at the K-NET and KiK-net (surface
The tauc is obtained from the ratio of square sum of displacement amplitude to square sum of velocity amplitude in time domain.
The accelerogram was integrated and passed through a high-pass filter of 0.075 Hz to obtain the displacement and the veloc
waveform. The time windows were used initial 3, 6, 9, 12, 15, 18, 21, 24 and 30 s of P-wave portion. ‘thef tuent was the
geometric average of more than five stations in the range of 50 km interval of epicentral distance.

Result and Discussion

First, we investigated the dependences ofdaun time window length and distance. The fatends to increase with increasing
time window length, and also with increasing distance. It suggests thatkhwvelation varies according to time window length
and distance. Estimation of tawis scattered among the same M.

Based on the tag-M relation obtained from 3 s window and stations close to epicenter in previous stuaypfabe 2011
Tohoku earthquake corresponds to about M8.5 in case that we use 30 s window and stations of the range from 300 km to 3&
km. This might be consistent with the result of Zollo et al. (2011) mentioned above in Introduction.

However, when the dependences of taon the time window length and the distance is taken into account, M of the earthquake
from tauc is estimated to be no more than M8, which is against the result of Zollo et al. (2011). The same tendency is obtainec
when 0.03 Hz or 0.02 Hz high-pass filter and 180 s window are used. This suggests that it would be difficult to recognize
obviously that the 2011 Tohoku earthquake would be larger than the M8 event usiogeteen if the long time window length
and the stations far from the epicenter are used. Because the waveforms of the 2011 Tohoku earthquake contained strong hig
frequency contents, especially for more than 10 Hz (lwakiri and Hoshiba, 2011), which deviated considerably from the empirical
tawc-M relation, the M of the 2011 Tohoku earthquake was underestimated_mraihod.

Keywords: tauc, the 2011 off the Pacific coast of Tohoku Earthquake
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Examination of a simple method to estimate earthquake magnitude by using the timing o
maximum amplitude

NODA, Shuntd*, YAMAMOTO, Shunroku, KORENAGA, Masahird, IWATA, Naoyasu, Yoshiaki Itd!
IRailway Technical Research Institute

1. Introduction

Earthquake magnitudé/) is significant information, because it is a fundamental parameter for an earthquake early warning,
a tsunami warning, a rapid estimation of the disaster damages, and so on. In gd@nisrdktermined by short-period amplitude
(e.g.Mj). However, it is well-known that determined by its way is saturated particularly in case of the extremely large events.
Mw is often used to determine the large magnitude accurately, however, the long-period records (several tens or hundreds se
onds) are necessary for the estimatiob¥ . Therefore, it is difficult to determin®w quickly and easily.

In order to solve this problem, Noda et al. (2011, SSJ fall meeting) proposed a new method which used the lengths of time
from the arrival of initial motion (direct P or S) to the timing of the maximum amplitude. They indicated that the estimation accu-
racy was relatively high in case of using the high frequency (several Hz or more) acceleration data observed at K-NET stations
However, the examination of the method was not enough, because the data of extremely large events were insufficient. On tt
other hand, it is conceivable from Hara (2007) and Lomax & Michelini (2009) that the data for the near part of direct P-wave of
which teleseismic velocity record is filtered for high frequency band (around 1Hz or more) is almost equivalent to the time series
of the energy directly radiated from the source. In this study, we conduct the additional examination of the method suggested b
Noda et al. (2011) by using the teleseismic data of large earthquakes.

2. Data and Method

We retrieved BHZ channel waveform data recorded by 13 evértg 4.6 - 9.3) from IRIS DMC. The range of epicentral
distance is between 30 and 85 degrees. The events are chosen so as to have no bias in the occurrence region and the typ
earthquake.

At first, we manually picked the arrival times of the direct P-wave. Mean of number of the picked data for every event is
approximately 42. Next, by following Hara (2007), the retrieved teleseismic velocity data were band-passed for 2-4 Hz. We
calculated the lengths of timéf,...« ) from the P-arrivals to the timings when the absolute values of the amplitude grow to the
maximum. We set the upper limit of the calculationdaf(tau). Where tau represents rupture duration indicated by Kanamori
& Brodsky (2004).

3. Result and Discussion

At first, we investigate the dependency®f...4 on epicentral distance. As aresult, it is found that,. 4 is almostindepen-
dent on distance. This result corresponds to the one shown in Hara (2007). Therefore, the correction by distance is not carrie
out in the analysis described below.

Next, we calculate the logarithmic mean Bf,,..4 every event, and then compare its mean with the result indicated by Noda
et al. (2011). Consequently, it is found out that the result in this study almost corresponds with the one by Noda et al. Thus, it i
confirmed that the method proposed by Noda et al. is possible to estivateppropriately even in the case of extremely large
earthquakes.

It is concluded that the proposed method is practical enough to detefvingquickly and simply by using the filter whose
high frequency characteristics, regardless of seismogram type (regional or teleseismic; velocity or acceleration). However, it i
preferred to use many records which have a proper azimuthal coverage, b&ggusehave a certain amount of variance de-
pending on the influence of crustal structure, directivity, relationship of the locations between hypocenter and asperity, and so ot
Furthermore, it may be required that the combinatioTgf,,. 4, and intensity of amplitude is used to estimate(Hara, 2007)
especially in middle or small event, because the influence of error of the arrival time is relatively large.

4. Acknowledgement

We would like to thank IRIS DMC for using the waveform records.

Keywords: earthquake early warning, tsunami warning, real-time seismology, magnitude, moment magnitude
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Real-Time Mw Estimation Strategy Using Nationwide Strain Meter Observation Network
Data

SHINJO, Akinart*, TAKAHASHI Hiroaki!
1SV, Hokkaido University

The 2011 Tohoku earthquake tsunami killed a lot of residents. One of the reasons why the number of victims was increase
seemed to be due to the underestimation of tsunami height by JMA tsunami warning. JMA could not capture size of the Tohokt
earthquake at earthquake early warning. This huge disaster suggests that proper estimation of magnitude (M) in the real time
essentially important for tsunami disaster reduction. This study proposes a strategy to estimate Mw in the real time using th
nationwide strain observation network data.

Strain represents physical value directly, and the strain meter can measure static and dynamic strain due to fault motior
Strain sensor does not require instrumental response and correction operation and has no mechanical saturation. So it is expec
that the real-time Mw estimation using strain data is more effective than that using GPS or broadband seismographs.

We consider following strategies from real-time strain observation data ; 1) The estimating Mw from fault length L using
the scaling law (Wells et al., 1996, F.O.Strasser et al., 2010). Spatial distribution of static strain changes may provide rupture
spreading in real time. 2) Estimating Mw from source time duration Tau (e.g. Kasahara and Sasatani, 1986) and fault length 1
derived from real-time epoch-to-epoch principal strain analysis proposed by Okubo (2005). This method can provide informatior
of location and absolute value of moment releasing due to earthquake faulting. Real-time tracking of above trajectory give
fault length L and duration time Tau. Mw estimation will be done using scaling relation between Mw and L and Tau. Real-
time live broadcasting of Mw growth using above strategies gives conclusive information for near-field tsunami warning with
guantitative criterion. Nationwide real-time crustal deformation data exchange system can provide practical facility to be doing
this experimental study.

In this study, we target the earthquake which generates huge tsunami every 500 years along the Pacific coast of Hokkaic
(Hirakawa, 2000). We are making inspection about usefulness and problems of these proposed techniques using the real obsen
strain record of 2003 Tokachi-oki earthquake.
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Examination of magnitude correction for utilizing ocean bottom seismographs of DONET
in EEW

HAYASHIMOTO, Naoki'*, HOSHIBA, Mitsuyuki*
I'Meteorological Research Institute

In ocean areas, the utilization of the ocean bottom seismographs is effective for the rapid detection of the occurrence of a
earthquake and also for Earthquake Early Warning (EEW). However, careful handling of these data is required because the ir
stallation environment of ocean bottom seismographs may be different from that of land stations. In this study, we examinec
magnitude correction to utilize the ocean bottom seismographs of DONET for EEW.

In the EEW of JMA, the magnitude is estimated from the maximum amplitude of three dimensional vector summation of the
displacement (Kamigaichi (2003)). The magnitude of EEW is determined using two relations: P-wave magnitude and S-wave
magnitude (Aketagawaet al. (2010), Kiyomotoet al. (2010)), whose formulas are as follows:

P-wave M., = (logA + 1.2<logR + 0.0005R - 0.00%D + 0.46 )/ 0.72
S-wave M., = logA + log(Delta) + 0.001%(Delta) + 0.000¥D + 1.8

Where A is the maximum amplitude measured in 10 micro-meter units, R is the hypocentral distance in km, Delta is the epi-
central distance in km, and D is the focal depth in km. To estimate the magnitude correction for DONET, we determinad M
DONET stations and compared it with MWaveform data observed in April, 2011 or later were analyzed to determine magni-
tude, when the maximum amplitude of three dimensional vector summation of the displacement was larger than 50 micrometer:
For comparison, M., of Tonankai ocean bottom seismographs and land stations near the DONET were also calculated. Earth-
guake catalog of the Japan Meteorological Agency was used as focal parameter.

As a result, we showed that S-wave.M of DONET was generally larger than My about 0.6. And the differences of
S-wave M., and M; are independent of a size of Magnitude, epicentral distance, or back azimuth, which is also seen at To-
nankai ocean bottom seismographs, as Hayashimioa (2011) pointed out. We consider that difference of site-effects cause
these differences. Furthermore, distribution of the differences of S-wavg &hd M; seems to have some regional dependence
from trench to coastline. A slight change of the subsurface structure such as the sedimentary wedge (seen in Nagbatanishi
(2002)) may causes these differences. In contrast, the clear differences between P:wasadV; were not found.

Acknowledgment: We used DONET observation data operated by JAMSTEC.
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Orientations of DONET seismometers estimated from seismic waveforms
NAKANO, Masaru*, TONEGAWA, Takashi, KANEDA, Yoshiyuki'
LJAMSTEC

DONET is a network of permanent ocean-bottom seismic stations aimed at improving the detection capability and earlier
detection of earthquakes and tsunamis off the Kii Peninsula, where the Tonankai mega-thrust earthquake is anticipated to occ
in the near future. Real-time DONET data is transferred to the Japan Meteorological Agency and the National Research Institut
for Earthquake Prevention and Disaster Mitigation, and used for the earthquake early warning in Japan.

DONET consists of 20 stations each of which seismometers and pressure gauges are installed. At each station a broad-ba
seismometer and a strong-motion seismometer are installed. The orientation of the horizontal components of the seismometer
each station has been measured by using video of ROV, which is difficult to measure again for the confirmations.

We estimated the orientations of DONET seismometers by using the following methods: (1) correlation of long-period seismic
waveforms with observations in land, (2) direction of P-wave first motion from distant earthquakes, and (3) particle motion of
airgun signal. The methods (1) and (2) are based on the long-period signals from distant earthquakes, and we used data frc
broad-band seismometers. The method (3) is based on short-period signals, and we estimated the directions of both the bro:
band seismometer and the strong-motion seismometer at each station.

The method (1) is the same as that used for the estimations of the orientations of Hi-net and KiK-net borehole seismometers b
Shiomi et al. (2003). We estimated the direction of broad-band seismometers relative to the five F-net stations (ABU, KIS, KMT,
NOK, and WTR) installed in the Kii Peninsula. We used data from earthquakes that occurred between May, 2010 and Octobel
2011, with magnitude larger than 7. We applied a Butterworth filter between 0.008 and 0.01 Hz for the waveforms. We estimatec
seismometer orientations based on the correlation of the waveforms between DONET and F-net on land.

The method (2) uses the particle motion of the direct P-wave from a distant earthquake. The signal from the direct P-wave
appears in the vertical and radial components, both waveforms have positive correlation. We rotated the horizontal waveforn
components to find the direction that have the largest correlation with the vertical component. The waveforms are from earth
guakes that occurred between January and November, 2011, with magnitude larger than 5.5 and the epicentral distance betwe
30 and 90 degrees.

The method (3) uses airgun signals from the seismic investigations carried out off the Kii Peninsula between September an
October, 2011 (KR11-09). The acoustic wave in the water radiated from airgun is converted to seismic waves in the crust at th
ocean bottom, and the signal appears in the vertical and radial components in the seismometer records. We fitted the horizon
particle motion with a line, and obtained the seismometer direction from the azimuth computed from the coordinates of the sho
and station. The nature of the wave is similar to that used in the method (2), but the waveform may not be well correlated with
the vertical motion because the airgun signal is dominated in the frequency components higher than several Hz.

The obtained results from the three methods are well consistent with each other with variations at maximum 5 degrees. Th
difference from the measurement of the ROV video is about 10 degrees for most stations, but in some stations the difference
about 50 degrees.

Keywords: Ocean-bottom seismometer, Nankai trough, seismic investigations
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An attempt to improve accuracy of a processing method of a real-time seismic intensity.

KUNUGI, Takasht*, AOI, Shin', NAKAMURA, Hiromitsu!, SUZUKI, Watard, MORIKAWA, Nobuyuki', FUJIWARA,
Hiroyukit

INIED

We have improved accuracy of the processing method of the real-time seismic intensity proposed by Kunugi et. al (2008)
Kunugi et. al (2008) proposed a real-time seismic intensity, whose concept is similarly to the JMA seismic intensity (ljma) de-
fined by Japan Meteorological Agency. With the increasing requirements of earthquake early warning (EEW) system, it is muct
more obviously that [jma has a real-time delay since the ljma needs a filtering operation in frequency domain. In order to improve
a real-time calculation suitable for the EEW system, the real-time seismic intensity, is defined by using an approximating filter
in time domain instead of the original filter in frequency domain. For a small computing system like a strong-motion seismo-
graph, it is easy to process the real-time intensity because the filter has only five stages (it consists of four first-order filters and
second-order filter). In this presentation, we present an attempt to improve accuracy of a processing method of a real-time seisir
intensity employing a new filter having more stages.

Keywords: real-time seismic intensity, seismic intensity, instrumental seismic intensity, strong motion, strong-motion seismo-
graph, earthquake early warning
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