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Some Problems Underlying the Empirical Formulas for Determining the Magnitude
*
of the Shallow Focus Earthquake Using the JMA 67 and 76 Type Seismographs

Yukio Kanbayashi*

The Japan Meteorological Agency '(JMA ) has been using the Tsuboi’ s formula to
determine the magnitude df earthquakes occurring in and around Japan. To calculate mégni—
tude, maximum anplitudes on the seismograms which are recorded by Wiechert type and
JMA 59 type middle period seismographs are substituted in the following formula :

Mgg =log A+ 1.73 logA — 0.83, )
where A is a combined horizontal maximum ground displacetﬁent measured in micrometer,
and A is the epicentral distance in km. )

For small shallow focus earthquakes, following empirical formulas were introduced for
the short period JMA 67 and 76 type seismographs :

Mg; =log A + 1.64 log A +0.22

Mzs =log A + 1.64 log A +0.44 ,
where A’ is the maximum velocity amplitude in milli - kine (1/1000cn/s) on the vertical
‘short perlod seismographs.

Several .recent investigations suggested that there were systematic deviations between the
magnitudes obtained from these formulas and the Tsuboi s formula, and also that these
magnitude formulas were incomplete. To reduce the systematic deviations, we improved new
magnitude formulas for the JMA 67 and 76 type seismographs as follows :

Mo 67 —l.27logA+20810gA—066 ) .
‘Meo76 =1.27 log A + 2.08 log A — 0.38 . - , ' {

On the other. hand, station corrections for the Tsuboi’s formula were also investigated.
Station magnitudes. for every station of 20 years were averaged to determine the station
correction values for each station. Results show a good- correlafion between regional geologi-
cal structures and attenuation of seismic waves. '

Application of station corrections to magnitude determination show that a _magriitude
“can be determined more accurately even if number of available data are limited.

Mse = logA +1.73log — 0.83 . 1
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3 4 5 6
Fig 1. Differences between the magnitudes
determined by the formula (1) using
the 59 type seismographs, strong
motion seismographs and -those deter-
mined by the formula (2} and (3) usingr
the JMA 67 and 76 type seismographs.
The abscissa is the magnitude deter-
middle
and lower figures shovs) the result
obtained in 1981, 1982 and 1983 year,

respectively.
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Fig 2. Dviffere,nces between \the magnitudes
determined by formula (1) using the
59 type seismographs, strong motipn
seismographs and those determined by
the new formula (5) and (6) using the

JMA 67.and 76 type seismographs.
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Fig 3. Magnitude frequency distribution by
M for the.years of 1982 and 1983.
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Fig. 4. Magnitude frequency distribution for
" the 1983 Nihonkai- chubu Earthquakes.

(a) and

(b) are magnitude frequency

distribution by MJ and those by new

method, respectively.
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Table. 1. A M is the station correction value which was determined using data from more -
than 10 stations data of JMA 59 type or strong motion seismographs ( 1963~1982) .
The number of data shows the number of the earthquake which was" used for

detemining A M.

g Z AM|F-IB|EB B AM|F-IB|B | AM|F -1
| # m| -o.05{ 131 |EHR| .16 375 [ # 0B | -0.24 495
7 W 0.00 455 (@7 4| -0.03| 1275 (R | -0.13 599
i | -0.11| 1170 |FEHWE | -0.04] 1193 | K B | -0.24 395
M & | -0.22| 944 [EHE A | o0.02 2451 |# L | -0.03 181
o8| 0.03] 1406 |B K| -0.00 214 | '\& HE | -0.27 446
w & 0.41 535 |k H 0.10 | 2583 |78 | -0.16| 403
#l B | -0.00] 1358 |Hi M 0.06 | 1622 | & BEX| -0.09 254
B oE | -0.32] 1003 | K 0.13 | 2086 |k F | -0.04 54
#H | -0.18| 206 |®& & | 0.22] 1367 |& 4| -0.08| - 612
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Mo -o0.271| . 874 | #|| -0.27 698 |BFE [ -0.26 237"
woB 0.35| 1668 | "# | -0.04 8 (& W | -0.07 134
£ R 0.08( 1072 | & M 0.27| 1307 |® || -0.07 203
& B | '0.18| 1204 | M| 0.15 920 | & E | -0.14] 70
E i} 002 1431 | K K 0.31) 1504 |AXKE | -0.20 45
| O -0.0z2| 485 | EHZ| -0.06| 325 [FHE | 0.19| 120
H B 0.14 140 | & R 0.20 232 | HES | -0.31 83
& ¥ 0.04 | 1682 |® F | -0.02 116 | 5E| -o0.19 25
B OE | -0.25| 451 |48 B&| -0.30 | 215 |PIKE | 0.30| 155
Bo& | -0.00 223 |8 A& | -0.22| 3715 ‘

fR B | -0.16| 1434 | FO¥kis | -0.20 654




86 o BRERHESEE 1 ~45

Fig 5.‘Gc_>od regional correlation of station
correction values are expressed by
counters. Large positive values in
Japan Sea coast area of Northeast
Japan should be noticed.
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1 1982 . . ' 1983

Fig 6. Magnitude frequency distribution for
the years of 1982 and 1983. Open circl-
es and solid circles are magnitude
distibutions for M; and those by new

method, respectively.
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