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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 earthquake
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.
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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 afte
the P-wave arrival, and is suitable for fast source parameter determination for largeRjvearthquakes. When broad-band
seismograms are available at distances30 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.

ooooo:000000,0000,0000, W-phased O
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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 su
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.

gooobo:0boooog,bood
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