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ABSTRACT: The Japan Meteorological Agency (JMA) has been generating the Unified Seismic Catalog

using data on automatically detected earthquakes. The JMA classifies automatically detected hypocenters

into reliable results and unreliable results by visual inspections. It was extremely difficult to classify all of

them through visual inspection reviews due to the enormous number of seismic events that occurred in the

case of the 2016 Kumamoto Earthquake. Given this, we are proposing a more efficient classification method

by using cross-correlation to select reliable results from the large number of events that have not yet been

reviewed. If an automatically processed event ("target event") is found to be close to a reviewed event

("template event") and their waveforms around the P and S phases are similar, the target event can be

regarded as a hypocenter with high reliability without any need to perform a visual inspection review. Using

3,337 template events, we applied this method to 35,921 target events that were recorded between 21:00 on

April 14 and 24:00 on April 28 around the seismically active area of the 2016 Kumamoto Earthquake. As a

result, 20,970 events (58%) were classified as being closely related events. Since these events can be

regarded as highly reliable and there is no longer any need to perform visual inspections, this method can

contribute to greater work efficiency. Even for the events that could not be classified as being closely related

events, we were able to extract other appropriate hypocenters by adding their waveforms to the templates

after visually inspecting them. We also expect to be able to use this method to classify noise or blast events

more efficiently by using the waveforms of noise or blast events as templates.
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Parameters Maximum hypocentral distance: Dist,, = 5.0km
Minimum difference time: dT,, = 1.0sec
Wave length: n = 300sample (= 3.0sec)
Different phase time: t = ==100sample (= 1.0sec)
Minimum calculation station number=5
Maximum calculation station number = 10
Cross-correlation threshold: CC,, = 0.5
CC of 5t rank at all stations: ECC

Fig. 1 Flowchart of the cross-correlation program used in this study. The parameters are shown below.
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Fig. 2 (a) Epicenter distribution of template events recorded between 21:00 and 24:00 on April 14
used to determine the cross-correlation threshold. (b) Relationship between the hypocentral
distance and the correlation coefficient. Red circles and error bars respectively indicate the average

values and standard error every 1 km.
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Fig. 3 Hypocentral distribution of template events recorded between 21:00 on April 14 and 24:00 on
April 28. Blue dots indicate template events, and gray dots indicate target events. The panels on the
right show the spatio-temporal distribution and a magnitude-time (M-T) diagram.
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Fig. 4 Hypocentral distribution of target events recorded between 21:00 on April 14 and 24:00 on
April 28. Red dots indicate events that are closely related to the template events, blue dots indicate
events that are closely related to other target events, and gray dots indicate all other events. The
panels on the right show the spatio-temporal distribution and an M-T diagram. Region A indicates a

a cluster of blasts.
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Fig. 5 Example of a closely related event waveform. A black waveform indicates a target event, and a
red waveform indicates a template event. All waveforms are up-down (UD) components and they
have been filtered at 2 to 8 Hz. CC and 7 (dt) are shown to the right of the waveform. A star
indicates that CC > 0.5. A black triangle on the waveform indicates the time at which the maximum
amplitude occurred for the target event, and a red inverse triangle on the waveform indicates the
time at which it occurred for the template event.
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