BRE R (2019)
¥ 83 &K .1

BENEHAEZECKRAGHESRIAICERTRLGER M
ETFEB}EMY T = Fa— NEEFE

REHRD-OD

A Technique for Estimating the UD-component Displacement Magnitude for Earthquake Early Warnings

that can be Applied to Various Seismic Networks including Ocean Bottom Seismographs

MooER !, PR 2, T’
Naoki HAYASHIMOTO!, Takeshi NAKAMURA? and Mitsuyuki HOSHIBA®

(Received December 3, 2018: Accepted April 3, 2019)

ABSTRACT: The rapidness and accuracy of real-time estimation of magnitude when issuing an Earthquake
Early Warning in the event of a suboceanic earthquake could be improved through use of ocean-bottom
seismograph (OBS) data. Proposed here is a method using the maximum amplitude of the UD-component in
the displacement waveform recorded in OBS data near the source. The following equation was developed for
magnitude estimation:
0.90 x M =logA+ 0.83 xlogR+ 17X 1073 xR —26%x10"3x D + 1.68 ,

where A is the maximum amplitude of the UD-component in units of 10 um, R is the hypocentral distance in
km, and D is the focal depth in km. There are two main advantages to using UD-component data in magnitude
estimation: (1) the variance in estimates that is likely to depend on the spatial variation in site effects among
stations is effectively less when using UD-component data than that when using 3-component data, and (2) the
overestimation that is primarily caused by a change in the orientation of the OBS during strong motions is
suppressed. Based on a comparison of estimated results of the proposed method and the conventional method
for land and OBS network data during suboceanic earthquakes, this study quantitatively indicated that the
proposed method had less variance and suppressed overestimation. This study also evaluated whether it would

be effective at enhancing early warnings.
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Hypocentral distribution and magnitude of the earthquakes used in regression analysis. Symbol size and color

indicate the magnitude and hypocentral depth, respectively. Open circles denote earthquakes smaller than M; 5.0.
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Fig.2 Specifications for the data used in analysis. (a) Relationship between the magnitude and hypocentral distance.
(b) Histogram of the hypocentral distance. (c) Histogram of the magnitude (My). Gray bars on histograms indicate

event data from M;5.0 to M;8.0.
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(a) Comparison of the UD-component S-wave magnitude in this study (Mup) with M. (b) Relationship

between the magnitude residual (Mup-My) and My. Open circles and error bars indicate the average and standard
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Table 1 The average, standard deviation, and root mean square of magnitude residuals in each observation network.

ALL JMA* K-NET  KiK-net 0BS
average 0.00 -0.11 0.06 -0.03 0.18
UD-component
Magnitude S.D. 0.28 0.27 0.27 0.26 0.32
RMS 0.28 0.29 0.28 0.27 0.36
average 0.00 -0.16 0.10 -0.06 0.45
3-component
Magnitude S.D. 0.34 0.30 0.33 0.32 0.30
RMS 0.34 0.34 0.34 0.32 0.54
average 0.16 -0.01 0.26 0.10 0.63
3-component
Magnitude S.D. 0.35 0.31 0.33 0.33 0.31
(current) RMS 0.38 0.31 0.42 0.34 0.70
*Here “JMA” indicates the seismometer network of JMA.
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Fig. 6 Same as in Fig. 4, but for the Off-Kushiro OBS data.
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