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Determination of Earthquake Magnitude from Total
Duration Time of Seismic Waves in the Kanto-Tokai
Observational Network of the NRCDP

By
Mizuho Ishida and Mariko Tatsukawa

National Research Center for Disaster Prevention, Japan

Abstract

In May 1980, twenty-six seismic stations were operating under the Kanto-Tokai ob-
servational network of the National Research Center for Disaster Prevention (NRCDP).
All of the data from these stations are being telemetered to the NRCDP and have been
routinely processed since 1979.

By using those data, a linear relation between logarithmic total duration time of
seismic waves (F-P time) and earthquake magnitude determined by the Japan Meteoro-
logical Agency (JMA) was obtained for the eighteen stations that had been in operation
since July 1979. The earthquakes analyzed are those which occurred during the period
bounded by latitudes 33.7°N and 37.3°N, and longitudes 136.7°C and 141.7°E by the
IMA. Their magnitude was distributed from 1.7 to 5.7 in JMA magnitude scale Myya)-
JMA. Their magnitude was distributed from 1.7 to 5.7 in IMA magnitude scale (Myyga)-

The relations between F-P time and magnitude obtained from seismograms of differ-
ent sensitivities and personal errors in reading F-P times were examined. It is concluded
that the relations obtained in this study are applicable to a wide range of magnitude
from 1.7 to 5.7. This method is not only simple and convenient but also very reliable for

the estimation of the magnitude of local earthquakes,
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The relations between magnitude and F-P time obtained in the present study have
been used for the determination of F-P magnitude in the routine-base data processing
at the NRCDP. Those relations will be examined also for the stations newly established

since June 1980,
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Fig.1 The seismic stations of the Kanto-Tokai observational network
of the National Research Center for Disater prevention (NRCDP).
All the data from these stations are being telemetered to the
NRCDP. The circles with three letters show the stations used
in this study. The coordinates and the sensitivity and paper
speed of the record of each station are shown in Table 1. The
crosses show the stations that have been in operation since May
1980 and the data from those stations were not used in this
study.
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Fig.2 Epicentral distribution used in this study The hypocenters were
relocatea by using the data from the seismic stations of the NRCDE

== FT, 2264 DG HLTWE. X

BR~/72F=-F2s9, RNSLTTD o gremetgo- =5~ 14

B 1

F-PHEEOFLE DT, T EHEEL Table ]| Frequency distribution of
earthquake magnitude ex-

THR AV WA REEER w, BER amined in this study.

o7 oMEHO ETERSG T, K HE

1 cm 7 BO%HRG~vEELEY A, M* n (M) dM N (M)
CORFET, ABKZ VT -BRC X bR 5.9—5.5 6 6
HEVEDMcES T HARTELBRATWE 5.4—5.0 3 9
DT, WTFoh% [FYF -4 LF82 49—45‘ 8 17
L Fh. WOk EWIECELTIL, 4.4 —4.0 31 48
BEYHEOL cm /B, BMEBES Y 7 3.9—3.5 84 132
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Table 2
station| Lat Long Height |Sensitivity™ | Starting| Cp ** |C; **
code | (°N) | (°E) L (m) (¢ kine/cm) | date

ASG | 353138 | 1380279 386 683 1979. 7 | —3.31 342
ENZ | 357360 | 1388053 807 167 1979. 7 | —435 3.87
HRM | 35.5506 | 139.6792 =536 5420 197510 | —L73 289
ICH | 354009 | 140.1768 =146 2800 1979. 7 | —339 345
IWK | 350981 | 1398741 0 1370 1971. 5 | =375 3.59
IWT | 359258 | 139.7381 —3601 103 1973. 3 | —6.12 4.53
JIZ | 349129 | 1389968 263 267 1976.12 | —4.68 4.04
MIN | 351019 | 139.9908 100 616 1971. 5| —3.66 3.54
MOR | 359425 | 140.0044 1 8590 1977. 3 | —2.38 3.06
MSK | 351934 | 1379391 754 166 1979. 7 | —4.88 i 413
NSI | 347870 | 1388040 —422 178 1979. 7 | =350 | 3.64
OHR | 363600 | 1396924 250 318 1978. 3 | —5.64 } 4.37
OKB | 349500 | 1382538 =30 124 1977. 4 | —464 | 402
SHM | 357934 | 140.0238 A 99 1978 4 | —5.22 4.10
SMB | 354157 | 1384834 202 162 1979. 7 | —394 3.70
TNR | 349078 | 137.8852 66 172 1979. 7 | —4.64 4,01
TYM | 349708 | 1398481 30 1700 1971. 5 | —4.12 3.79
YKI | 357185 | 1405088 —142 2510 1979. 7 | —3.03 3.29

* On multi-channel pen-recorder
**Based on the formulas in Fig. 6.
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Fig.3 JMA magnitude (Mjyp4) versus F—P time obtained from the
routine -base data of the NRCDP, at which multi~channel pen-
recorders are employed. Solid line in each figure shows the
relation between JMA magnitude and F—P time obtained by
using the least- squares method, The formula and the standard
deviation for each solid line are shown on the bottom on each
figure,
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Fig.4 JMA magnitude versus F—P time at ASG (Minami—Ashigara) . The F—P
time of the upper figure was reread by one of the authors from data
on multi- channel pen-recorder, The lower figure is the same as one in
Fig, 3. Solid triangles show the earthquakes which are characterized
by very low frequency seismic waves, It is noticed that personal
errors in reading F—P time are very small,
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Fig.5 F—P time at ASG obtained from the seismograma on log-term re-
cordrs whose sensitivity is nearly half as that of the multi-channel
pen-recorder and whose paper speed is O4cm~sec. Solid line indicates
the relation between F-P time and JMA magnitude obtained by em-—
ploying the least -squares method. Dashed line is the same as the
solid line in Fig. 3. Crosses show low-frequency seismic waves. The
formula and the standard deviation for the solid line are shown on
the bottom. It is noticed that there is little difference between
the solid and the dashed lines,
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Fig. 6

M yma-

JMA magnitude versus F—P time obtained from the seismograms on
multi-channel pen-recorder and long-term recorder, Open circles
represent the same data as those in Fig, 3, using the multi-channel
pen-recorder, ‘Crosses show the F—P time obtained with the long-
term recorder. The relations between magnitude and F—P time
obtained in these figures have been used for the determination of
F—P magnitude in the routine-base data processing at the NRCDP.
The formula and the standard deviation obtained are show on the
bottom on each figure,
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Table 4 Mp_p calculated from F—P time at individual stations based on the
formulas in Fig, 6.

station F—P time (sec)
code 20 25 30 40 50 70 100 150 200 250 300 400 500

ASG | 11 15 17 22 25 30 35 41 46 49 52 56 59
ENZ | 07 11 14 18 22 28 34 41 46 49 52 57 6.1
HRM| 20 23 25 29 32 36 41 46 49 52 54 58 6.1
ICH| 11 14 1.7 21 25 30 35 41 45 49 52 56 59
IWK| 09 13 15 20 23 29 34 41 45 49 51 56 59
IWT| 02 02 06 11 16 22 29 37 43 47 51 57 6.1
JIZ| 06 10 13 18 22 28 34 41 46 50 53 58 6.2
MIN/| 09 13 16 20 24 209 34 40 45 48 51 56 59
MOR| 1.6 1.9 21 25 28 33 37 43 47 50 52 56 5.9
MSK| 05 09 12 1.7 21 27 34 41 46 50 54 59 63
NSI| 12 16 19 23 27 32 38 44 49 52 55 60 63
OHR| 00 05 08 14 18 24 31 39 44 48 52 57 62
OKB| 06 10 13 1.8 22 28 34 41 46 50 53 58 6.2
SHM| 01 05 08 1.3 17 23 30 37 42 46 49 54 58
SMB| 09 12 15 20 23 29 35 41 46 49 52 56 6.0
TNR| 06 L0 13 1.8 22 28 34 41 46 50 53 58 6.2
TYM| 08 12 15 20 23 29 35 41 46 50 53 57 6.1
YKI: 1.3 1.6 18 22 26 3.0 36 41 45 49 51 55 58
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