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We present an improved implementation of the approximating filter for real-time seismic intensity
calculations proposed in previous work. As earthquake early warning (EEW) systems become ever more
widely used, the current method of computing a JMA (Japan Meteorological Agency) seismic intensity
shows a serious problem since it introduces a time delay resulting from frequency domain filtering. In or-
der to improve this method to permit real-time calculations suitable for EEW systems, we have proposed
a real-time seismic intensity computed using an approximating filter in the time domain. For a simple
computing system such as a strong-motion seismograph, it is straightforward to calculate the real-time
seismic intensity because the approximating filter consists of only four first-order filters and one second-
order filter. Based on testing using K-NET and KiK-net strong-motion seismographs, we have found that a
strong-motion seismograph has enough computational capacity to undertake more sophisticated filtering.
Here, we develop an approximating filter consisting of six second-order filters applied in the time domain
for accurate real-time seismic intensity calculation. The relationship between the JMA seismic intensity
and the real-time seismic intensity calculated using the improved approximating filter is examined using a
large number of strong motion records. The results show that the differences between the JMA seismic
intensities and the real-time seismic intensities are less than 0.1 for 99% of all records. Although the im-
proved filter requires twice as much computation power as the previous approximating filter, it is suitable
for EEW systems that require more accurate real-time calculations of seismic intensity.
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Fig. 1. Filter responses in the frequency domain

for the filter defined in our previous publication
(2008 filter; solid line A) [Kunugi et al. (2008)], the
Japan Meteorological Agency filter (JMA filter;
broken line B) [Japan Meteorological Agency
(1996)], and the response ratio of the 2008 filter
to the JMA filter (solid line C).
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Fig. 2a. Histograms of intensity differences (A/=

I,—1I) for the 2008 filter. The bin width is 0.01.
The symbols “m” and “¢” denote the mean and
standard deviation, respectively. The black bars
represent all the data, the dark gray bars repre-
sent those data for which /;,, exceeds 2495, and
the light gray bars represent those data for

which I, exceeds 3.495.
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Fig. 2b. Same plot as Fig. 2a, but for only those
data for which [;,, exceeds 3.495 (black bars),
4495 (dark gray bars), or 5495 (light gray bars).
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Table 1. Number of records used in this study classified by strong-motion seismograph network, and for each
level of JMA seismic intensity.
JMA scale
Network
0 1 2 3 4 5L 5U 6L 6U Total
K-NET 35459 | 104917 | 64386 | 19833 4492 557 247 99 25 2 230017
KiK-net 100573 | 71993 | 29858 8852 1979 251 130 45 12 2| 213695
JMA 19 1175 3406 3688 1026 165 112 46 8 0 9645
ALL 136051 | 178085 | 97650 | 32373 7497 973 489 190 45 4| 453357

K-NET: Kyoshin network operated by the National Research Institute for Earth Science and Disaster Prevention
(NIED). KiK-net: Kiban Kyoshin-network operated by NIED. JMA: Seismic intensity meter network operated by
the JMA. ALL: Total for all three networks. 5L, 5U, 6L, and 6U denote 5 lower, 5 upper, 6 lower, and 6 upper, re-

spectively.
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Fig. 3. Filter responses in the frequency domain
for the filter proposed in this study (2012 filter,
as described in the Appendix A; solid line A)
and for the JMA filter (broken line B). The re-
sponse ratio of the 2012 filter to the JMA filter
is also shown (solid line C).
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Fig. 4. Relation between the JMA seismic intensi-
ty (ino) and the real-time seismic intensity (/,)
calculated using the 2012 filter.
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Fig. ba. Histograms of intensity differences (A/=

I,—1) for the 2012 filter. The bin width is 0.01.
The symbols “m” and “¢” denote the mean and
standard deviation, respectively. The black bars
represent all the data, the dark gray bars repre-
sent those data for which 7;,, exceeds 2.495, and
the light gray bars represent those data for

which Ijma exceeds 3.495.
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Fig. 5b. Same plot as Fig. 5a, but for only those
data for which [, exceeds 3.495 (black bars),
4495 (dark gray bars), or 5495 (light gray bars).

Table 2. Number of records classified by increasing |A/| bin values and
decreasing JMA seismic intensity threshold values. The ratios of data
in each |A]| bin to the total number of data (last column) for each
intensity interval are also shown as a percentage. |A/| denotes the

absolute value of AL

Range of AT
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|AT| =005 | [A7]=010 | |AI|=0.15 | [AI|=020 | All range
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Fig. 6a. Histograms of intensity differences (A/=

I,,,—1) for the semi-integral filter, as described
in this paper. The symbols “m” and “¢” denote
the mean and standard deviation, respectively.
The black bars represent all the data, the dark
gray bars represent those data for which 7, ex-
ceeds 2495, and the light gray bars represent
those data for which 7, exceeds 3.495.
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