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Estimation of Earthquake Magnitude Using High-Frequency Energy Radiation Duration:

Application to Regional Earthquakes
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Abstract: We studied magnitude determination method using high-frequency energy radiation duration to calculate rapidly
magnitude of large earthquakes that occurred around Japan. Fourteen earthquakes were analyzed using Korea
Meteorological Administration (KMA) data. We calculated duration of high-frequency energy radiation with 2 ~4 Hz band
pass filter at each data and estimated magnitude. As a result, duration becomes longer as magnitude becomes larger and
the magnitude estimated using regional earthquake data are similar to that using teleseismic data. Therefore when an
earthquake occurs around Japan we will be able to estimate the magnitude in a relatively short time using KMA data

and it may be possible to determine if the earthquake is large enough to produce tsunami.
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Fig. 1. Examples of the measurement of high frequency energy
radiation for the 2005 Nias earthquake. Data are from (a) INCN
station at the epicentral distance of 49° and (b) ARU station at the
epicentral distance of 69°, respectively. The top, middle and bottom
figures in (a) and (b) are raw data, squared waveforms after band-
pass filtering at 2 ~4 Hz, and smoothed data, respectively. T1 and
T3 indicate the start and end time of high frequency energy
radiation, respectively.
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Fig. 2. Locations of earthquakes around Japan (star) and broadband
stations of KMA (triangle).
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Table 1. Earthquake parameters of regional earthquakes around Japan used in this study. Origin time, depth, and epicenter are from the JMA.

Magnitudes (M) are from USGS and Global CMT catalogues.

Event No. Date Origin time (UTC) Depth (km) LAT () LON (®) M (USGS) M (CMT)
1 2004.09.05 10:07:07 14.0 33.06 N 136.60 E 7.2 7.2
2 2004.09.05 14:57:18 10.0 33.18 N 137.07 E 7.4 7.4
3 2007.01.13 04:24:00 10.0 4610 N 15420 E 8.1 8.1
4 2007.02.17 00:03:00 38.2 41.60 N 143.90 E 6.0 6.0
5 2007.03.25 00:42:00 5.0 3730 N 136.50 E 6.7 6.7
6 2007.07.16 01:13:00 10.0 37.50 N 138.60 E 6.6 6.6
7 2007.07.16 23:18:00 349.0 36.80 N 13520 E 6.8 6.8
8 2007.09.28 22:41:00 2613 2190 N 14270 E 7.5 75
9 2008.06.14 23:43:00 10.0 39.00 N 14090 E 6.9 6.9
10 2008.07.19 02:39:00 22.0 37.50 N 14250 E 7.0 6.9
11 2008.07.24 15:26:00 108.0 3970 N 141.70 E 6.8 6.8
12 2008.09.11 00:21:00 35.0 41.50 N 14440 E 6.8 6.8
13 2008.12.20 10:29:00 10.0 36.50 N 142.60 E 6.3 6.3
14 2009.01.16 17:49:40 36.0 46.99 N 15511 E 7.4 7.4
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Table 2. Magnitudes (M) calculated with IRIS stations at different epicentral distances and KMA stations.

M M M M
Event No. Date (IRIS_5°~90%) (IRIS_5°~30°) (IRIS_30°~ 90°) (KMA_data)
1 2004.09.05 7.35 7.32 7.36 6.92
2 2004.09.05 7.41 7.36 7.43 7.38
3 2007.01.13 8.05 8.19 8.01 8.26
4 2007.02.17 6.06 5.98 6.10 6.56
5 2007.03.25 7.50 7.59 745 7.46
6 2007.07.16 6.39 6.70 6.32 6.60
7 2007.07.16 6.19 6.31 6.16 6.26
8 2007.09.28 7.20 7.17 721 7.22
9 2008.06.14 6.74 6.84 6.71 7.22
10 2008.07.19 6.99 6.98 6.99 7.30
11 2008.07.24 6.62 6.64 6.61 7.08
12 2008.09.11 6.89 6.87 6.90 7.34
13 2008.12.20 6.79 6.91 6.76 6.64
14 2009.01.16 8.05 8.29 8.01 7.82
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Fig. 3. Comparison of calculated magnitudes. Triangle and circle
indicate the magnitudes calculated with KMA data comparing those
with IRIS data at the epicentral distance of 5°~30° and 30°~ 90°,

respectively. Dotted lines show error range of +0.5.
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Fig. 4. Duration of high frequency energy radiation as a function of magnitude for (a) teleseismic and (b) regional earthquakes.
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Fig. 5. Duration differences for regional waveforms (left) and teleseismic waveforms (right) for (a) the July 16, 2007 (Mw 6.8) and (b) Jan 13,
2007 (Mw 8.1) earthquakes. At each frame, top, middle and bottom traces show raw data, band-pass filtered at 2 ~4 Hz and smoothed time series.
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Fig. 6. Comparison of magnitude obtained in this study and by the
USGS. Red circles represent magnitudes using regional distance
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distance of 5°~30° from IRIS network. Large circles are the
averages of estimated magnitude results. Crosses are the magnitudes
calculated with IRIS stations at the epicentral distance of 30°~ 90°.
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