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Effect of window length for maximum amplitude estimation on P wave magnitude
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ABSTRACT: The formula of P wave magnitude used in Earthquake Early Warnings (EEW) of Japan
Meteorological Agency was determined from a data set of maximum displacement amplitude measured
between P wave and S wave onset time. In the actual application of the formula for EEW, however, the
estimation of maximum amplitude is performed even before the arrival of S wave. Because the time window
of actual estimation of maximum amplitude is shorter than the S-P time, the estimated maximum amplitude is
usually an underestimate, as compared with that of the whole time window of the S-P time. We investigate
how large this underestimation is, depending on the time window length. When the time window is 0.7 times
the S-P time, magnitude is underestimated by 0.15, and when it is 0.5 times the underestimation is 0.28.
Because the short time window introduces an underestimation of magnitude, the application of a short time
window should be used only for areas where hypocentral determination is inaccurate.
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Fig. 1. Distribution of earthquakes used in this analysis.
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Table 1.  Earthquakes used in this analysis.

Origin time Latitude Longtitude Depth Mag. Region Name
YYYY-MM-DD  HH:MM:SS.S (degree) (degree) (km)
2003-07-26 07:13:31.5 38.40 141.17 11.9 64 NORTHERN MIYAGI PREF
2004-04-21 12:20:53.2 31.56 131.84 250 50 HYUGANADA REGION
2004-10-23 17:56:00.3 37.29 138.87 13.1 6.8 MID NIIGATA PREF
2004-10-23 18:03:12.6 37.35 138.98 9.4 6.3 MID NIGATA PREF
2004-10-23 18:11:56.8 37.25 138.83 115 6.0 MID NIIGATA PREF
2004-10-23 18:34:05.7 37.31 138.93 14.2 6.5 MID NIGATA PREF
2004-10-23 18:57:26.3 37.21 138.86 1.5 5.3 MID NIGATA PREF
2004-10-23 19:36:46.0 37.22 138.82 11.0 5.3 MID NIGATA PREF
2004-10-23 19:45:57.2 37.30 138.88 124 5.7 MID NIIGATA PREF
2004-10-23 21:44:27.6 37.27 138.94 14.6 50 MID NIGATA PREF
2004-10-23 23:34:45.7 37.32 138.91 19.9 5.3 MID NIGATA PREF
2004-10-24 14:21:35.0 37.24 138.83 115 50 MID NIGATA PREF
2004-10-24 23:00:30.0 37.18 138.95 1.6 5.1 MID NIGATA PREF
2004-10-25 00:28:08.9 37.20 138.87 10.1 5.3 MID NIGATA PREF
2004-10-25 06:04:57.6 37.33 138.95 15.2 5.8 MID NIGATA PREF
2004-10-27 10:40:50.2 37.29 139.03 11.6 6.1 MID NIGATA PREF
2004-11-01 04:35:49.2 37.21 138.90 8.5 50 MID NIGATA PREF
2004-11-04 08:57:29.5 37.43 138.92 18.0 5.2 MID NIGATA PREF
2004-11-06 02:53:21.4 37.36 139.00 0.2 5.1 MID NIGATA PREF
2004-11-08 11:15:58.5 37.40 139.03 0.0 59 MID NIGATA PREF
2004-11-08 11:32:17.2 37.39 139.05 5.8 5.1 MID NIGATA PREF
2004-11-09 04:15:59.7 37.35 139.00 0.0 50 MID NIGATA PREF
2004-11-10 03:43:08.4 37.37 139.00 46 5.3 MID NIGATA PREF
2004-12-12 14:28:43.4 31.77 129.18 14.7 5.1 SW OFF KYUSHU
2004-12-14 14:56:10.5 44.08 141.70 8.6 6.1 RUMOI REGION
2004-12-28 18:30:36.8 37.32 138.98 8.0 50 MID NIGATA PREF
2005-03-18 09:38:28.1 44.23 141.11 0.0 50 NW OFF HOKKAIDO
2005-03-20 10:53:40.3 33.74 130.18 9.2 70 NW OFF KYUSHU
2005-03-22 15:55:33.5 33.73 130.18 10.5 54 NW OFF KYUSHU
2005-04-10 20:34:37.9 33.67 130.28 4.7 50 CENTRAL FUKUOKA PREF
2005-04-20 06:11:26.8 33.68 130.29 135 58 CENTRAL FUKUOKA PREF
2005-04-20 09:09:42.9 33.68 130.28 13.3 5.1 CENTRAL FUKUOKA PREF
2005-05-02 01:23:57.7 33.67 130.32 11.4 50 CENTRAL FUKUOKA PREF
2005-05-21 07:01:10.0 38.86 142.26 18.0 5.1 E OFF MIYAGI PREF
2005-05-31 11:04:14.7 31.31 131.55 28.6 58 SE OFF OSUMI PEN
2005-06-20 13:03:13.2 37.23 138.59 145 50 MID NIGATA PREF
2005-08-21 11:29:30.2 37.30 138.71 16.7 50 MID NIGATA PREF
2005-10-18 01:13:40.7 40.75 139.16 121 54 W OFF AOMORI PREF
2005-12-13 06:01:37.6 43.21 139.41 29.2 55 NW OFF SHAKOTAN PEN
2006-02-04 00:11:55.6 32.08 129.88 11.6 51 W OFF AMAKUSA ISLAND
2006-04-21 02:50:39.5 34.94 139.20 7.1 58 E OFF IZU PENINSULA
2006-05-02 18:24:31.0 34.92 139.33 15.0 5.1 E OFF IZU PENINSULA
2007-03-25 09:41:57.9 37.22 136.69 10.7 6.9 OFF NOTO PENINSULA
2007-03-25 18:11:45.2 37.30 136.84 134 5.3 NOTO PENINSULA REGION
2007-03-26 07:16:36.5 37.17 136.49 0.0 5.3 OFF NOTO PENINSULA
2007-04-15 12:19:29.5 34.79 136.41 16.0 54 NORTHERN MIE PREF
2007-06-11 03:45:13.9 37.24 136.65 7.3 50 OFF NOTO PENINSULA
2007-07-16 10:13:22.5 37.56 138.61 16.8 6.8 OFF S NIGATA PREF
2007-07-16 15:37:40.4 37.50 138.64 225 58 OFF S NIGATA PREF
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Table 1.  (continue).
2007-08-18 16:55:08.8 35.34 140.35
2008-03-10 10:44:29.1 31.76 131.92
2008-06-14 08:43:45.4 39.03 140.88
2008-06-14 12:27:32.8 39.14 140.94
2008-06-16 23:14:38.5 39.00 140.84

20.2 5.2 KUJUKURI COAST BOSO PEN
28.6 5.1 HYUGANADA REGION

7.8 7.2 SOUTHERN IWATE PREF
10.4 5.2 SOUTHERN IWATE PREF

7.1 5.3 SOUTHERN IWATE PREF
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Fig. 2. Hypocentral distance versus H (=A[(S-P)*1.0]/A[(S-P)*0.7], A[(S-P)*1.0]/ A[(S-P)*0.5]

A[(S-P)*0.5]

Hypo. Dist.(km)
<logioH>=0.20

H=

A[(S-P)*0.3]

Hypo. Dist.(km)
<logioH>=0.31

and A[(S-P)*1.0]/

A[(S-P)*0.3]), where A[(S-P)*x] means the maximum amplitude in the range of (S-P time)*x. 10**<log;oH> is

shown by gray bars with hypocentral distance intervals of 20km. Here <> represents the average. The average of

logioH of the entire range up to 100km is also shown at the bottom of each case.
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Fig. 3. Same as Fig. 2 to the left, but for a hypocentral
distance up to 200km.
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Fig. 4 Magnitude dependence of A[(S-P)*1.0]J/A[(S-P)*0.7]. Left, for cases where M5.0-5.9. Right, for M6.0 or larger.
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