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Fig. 3.2.1 Example of determination of the envelope of a seismic wave. The black trace is the seismic waveform and

the red curve is its envelope. The green line is the noise level and the red bar shows the duration of the

detected signal.
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Fig.3.22 Example of time-space distribution of envelope signals. Circles on the map indicate the locations of seismic stations.
The vertical axis of the panel on the right corresponds to that of the map on the left. Each of the colored bar in the

right panel spans the duration of a signal detected at the corresponding station on the map on the left.
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Fig. 3.2.3 Aurival times (red dots) of envelope peak amplitudes. Each colored bar spans the duration of the detected
signal. The left and right panels are for M2.2 and M7.5 events, respectively. The red, blue and green curves

indicate calculated arrivals of P-wave, S-wave, and the envelope peak amplitude (assumed at 1.25 times of

S-wave traveltime).
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Fig. 3.2.4 Example of distribution of evaluation value. The cross indicates the epicenter estimated by the
conventional hypocenter determination method. To find a time-domain peak of the evaluation

value at each point, the origin time was scanned within £10 s of that estimated by the conventional

hypocenter determination method.
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Fig. 3.2.5 Distribution of evaluation value if origin times up to 60 s before the true origin time of an event are permitted.
This chart shows the maximum case (time-scan to -60 s). The cross indicates the epicenter estimated by the

conventional hypocenter determination method.
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Fig.3.2.6 Distribution of evaluation values for which key data from a particular station was used to constraint the solution.

The white dot indicates the station from which the key data was obtained.
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Fig. 3.2.7 Relationship between the epicentral distance from the station from which the key data was

obtained and the evaluation value.
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Fig. 3.2.8 Grid search of an area of large signal-to-noise ration. The warmer colors indicate larger

signal-to-noise ratio.
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Fig. 3.2.9 Parameter estimation by the SCE-UA method (Duan ef al., 1992). The gray-filled red circle indicates the
station from which the key data was obtained. Parameters were estimated by holding the key data

fixed. Colored solid circles indicate trials of the possible solutions. Warm colors indicate better solutions.
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Fig. 3.2.10 Application of the method of this study to the 2011 off the Pacific coast of Tohoku Earthquake. The dots on the
panels on the right denote the arrival times of peak amplitudes relative to the estimated origin time. Red, orange
and green dots indicate station locations (the map on the left) and their corresponding data (on the graph). Orange
and the green dots indicate data with large residuals. Green dots indicate data with smaller amplitude and
relatively large time residuals. Black dots represent data that are not associated with the earthquake. The red, blue

and green curves indicate calculated arrivals of P-waves, S-waves, and peak amplitudes, respectively.
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