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ABSTRACT
We introduce a magnitude formula expressed in terms of the maximum amplitude Ap of displacement by
Mp =log,, Ay + B, (AH)Y+Cp.
Here 8p (A,H), called the attenuation function, represents a correction term depending on the epicentral distance A between a
given observation point and the earthquake, and on the focal depth H. Cp is a correction due to the deployment of a new
nationwide seismic network devc]opeq from 1994 to 1995, and due to the change of filters of seismographs.

The attenuation function represented by B-spline functions is so determined as to satisfy the following conditions on the

average with regard to earthquakes:

1. Deviation of Mp from A?D is minimized.

2. TFor shallow earthquakes, My, agrees with the Tsuboi magnitude with a logarithmic attenuation function.

_3. For deep earthquakes, Mp agrees with the moment magnitude Mo.

Here M) stands for the mean of Mp with respect to observation points, and is called the displacement magnitude.

The present attenuation function is obtained by modifying the one by Katsumata (1999) so that it may give a better

account for the attenuation for shallow as well as deep earthquakes.
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Fig.1 Difference between station magnitudes and their averages plotted against epicentral distance. My and My, are the
station magnitudes by Tsuboi (1954) and Katsumata (1999), which are defined by (1) and (2), respectively, and My
and My stand for their averages over stations. H is the focal depth, and N denotes the number of plots, The average of

the difference in each sectioned range is shown with a solid circle, and the standard deviation with a bar.

Systematic

deviation of station magnitude from the average is recognized in the magnitude by Tsuboi and also in the one by
Katsumata since the attenuation function of Katsumata (1999) was adjusted to Tsuboi's formula for shallow events.



[RFTEE I ZF 12— FOYET

2. F—%

SRITOBBET 7 A PIEEINTND, B
= BB AR ST 97D ER AT, 1976 £ 1 A~
1994473 B MR O IR G TR A O EIRIET — &
EHWTHRET 2. JOMEOEMRIEE, IAREE
IR E SN T 51 BB REEE, 59 RER =i
EEL, 8T MBI HEF R EDREEN S HALESNT
Wiz, B HE R A T RS B S B A O
REHBHNED D HRBRFELELLTHEOT, HE
STBRAMICE D PRI ZF 2 — FOBRRICIdE
LTWwhiwnweEE A7~. BiEHI3 Dziewonski and
Woodhouse (1983)&MHBEE— A FERDB LD
o Ths EWSHilRIZES.

BRlEh R, /A ALINCED TREE
DU LD ERNH S, THoOREMRERICLS
EHEDTNERT B, BFHICH WS EMIRIB
IR Fig. 2R T &3 AYT =ZF a— RIS U2 EBIR
BEEED T« 2 FoahiTE BB, HBICAWAT S
ZF a2—Fid Katsumata (199)ICETWTHEL~Z~
TZFa— KMy THD.

8

7 4

6

Magnitude
wn

1000 1500 2000
distance (km)

0 500
Hypocentral

Fig.2 Data windows used to avoid average shift due to the
limitation of observed amplitude ranges in magaitude
determination,

3. ZRIORZEBY

Katsumata (1999) &R, BN~ T =Fa1—K Mp
ERODEDIIEETS.

Mp =logy,Ap +Bp(A,H)+C) (3)

Z 2T Ap 13BN E N7z B R IRE (um), A 1B R
BE A (km), H 12RO TR S (km) % £ T Ap WA PEH(1954)
B2 b O &R Ap = Ak + 42, THD Ays &
Apw i3 FNENFEALR S & WF S DRASIRIED ¥
HTH 5. fp(AHNIEMOMERE, CpldAEiTIE

0.0 THD. Hf R T HBREE1994-1995 i)
ALU#E 2001 4 4 AR FETIE Cp =0.15, FNLAEILH
BT NS —FEEEBELAD Cp =02 THD
(4.1 #iE&H).

RS Sp(AH)E B 275 VBIK(HE - HF,
1979) & F W THRT.

h-mk-m

Bo(8H)= N N (AN, (H).

=1 j=1
T I, Nui( Ay & NS NIZ B AT 51
BTCHY, m—1 BAT 51 EEORE, o IXE
B, h L kRBENTNEREEEBRESICETSHE
MOPERT. m=4 £F 5. ¢ OfEICE> TEEH
RIRBOBENRREND.

Katsumata (1999) E Fl#%12, A7 51 EEEEHET
D BRI T, R TII AR &
BEEIBHOERND.

logygx (x=x)

y= x x,
—————+log;;—- (x>x,
x,log,10.0 U (e > %)

ZITCxd km BALOBHRIERED 5 WIEBROES %
®LU, y BAT T4 VHEMEEET D LTOERET
H5. x FHEUBEBEREBEBOEKETH D,
Katsumata (1999) & [R#RIT 120km & F 5. e [ E XK
DETHD. AT T YHEROEFL, ESITDOWT
{4 Katsumata (1999)& D% 1 s L ROXI2EE
L7z,
BBEREIC BT HHi &
£=0.0,0.0,0.0,0.0,1.8,2.6,3.0,3.5,4.5,5.8,
8.884,8.884,8.884,8.884
(i=-3,—2,..,10)
ERES BT A8
7;=0.0,0.0,0.0,0.0,1.6,1.85,2.05,2.3,2.5,2.7,
3.0,3.4,4.179,4.179,4.179,4.179
(ji=-3,—2,...,12)
cj BRFET B LT, Katsumata (1999) TIEEEWHITEIZ
LT, EEMICROL D BEER/NMEL T,

2 {Mw ~(logg Ap + By (A,H))}z — min.

T, MidEEEB S ICDONTES. LinL,
RiEOMEOERESEESRR, @RoMEE kD
HIEMAHET, LOREEFFAT HLEMEILD .



TR 67 BB 1 ~ 4 5

Fo, ZOEDRENMEFTEETD &, le OHED
BT ZFa—REEE—AY T ZFa— ROEN

B DR IUEAHATFIL I R 5 A D W REN D 5.

T, WEOEBRBEEGESBRES KEFEE
SFTRDBZEELE. ETEOMOESHEICS
I TENFNICOWT, koL 5hEER/MET 5.

E {ﬁ_(logmfl +fp (A,-H))jlz—’ min.

TITM IR, ST S BAET S mF 1 — K
DEFTHS. TITHZELICEDE-A T
Fa— RABESNTWAVWEOT— b HANE T
ENTREE B,

ERIEEE S EEE L 2RI

E(M"d ~Mp)* = min.

ELUT, B kitEERD S, o TM ™ asEL ¥
BT ZF 2— R TEEE 20km F THIFHI954)D =,
CEDBRD B NETTZFa—K, ThE0 bEN
BIOWTHE—AY hYY/=Fa—KERVWE. =

ZT,BAT S 2O oy OBIIERHIT T 5 HGR
FOOHAOEZHFL/ZEE, BETREFT 2 M
DERF )EHETS.

BoNJoE B fp DM % Fig. 3(b)iZ, Ligo
7= 1T Katsumata (1999) i ZEIEL S DH{EFR # Fig.
3@IRT. F/z oy DA Table 1 1R T.

IDEICLTHELEYY ZFa— R EH
WT, BlllR< S =F 12— R EFOHETFEOFIYE L
DEERG - #5R% Fig. 4 IZRT. Fig. 4 Tl Fig. 11
BWTHEDONEEDBERNRATS ZF 21— FOHIE
DT ZF 2 — RRHTE2RFENRFELZLEAER
H sz,

Fig. 512, Mp EFHOT T ZF 1 — K Mp LDEHN
BEOFESICEOTEDLILEDLENERT. 5.0
Mr <6.0 O OB TIE, Mp & Mr & ORICRHER
AREERED NGV, FHIZHL 3.0 < M £40T
HlEOEIZEBICKREREND D, BHFHES 20km
HEoWE TIHREEIZ+03 FETHS. g
AHEOBESITIE, BREMO /NS SRS EE A

@ 'Y

104

Depth(km)

-
-
=
—
=
=

500

1000 1500 2000

Depth(km)
b

400 -

600

1000 1500 2000

Epicentral Distance(km)

Fig.3 Contour map of attenuation function (a) g4 in (2) (b) fp in (3).
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Table 1 Coefficients of the spline function, ¢;;.

C1j Coj C3j L4 Cs5 Cej C7j  Cg  Cgj  Cigj
cn -1.05 049 245 3.28 354 3.95 420 4.81 5.03 5.09
Cin 017 -0.11 2.35 3.28 3.53 3.96 421 4.80 5.02 5.09
Ci3 0.96 141 228 3.18 354 3.94 421 4.81 502 5.11
Cia 1.68 179 1.60 3.42 3.57 3.97 429 487 502 5.12
Cis 1.95 195 1.60 3.15 3.49 3.85 4.11 5.14 495 5.16
Ci6 251 250 255 335 3.70 3.83 4.33 460 472 4.83
Cin 2.66 2.65 260 3.08 3.66 4.10 447 4.58 4.62 4.71
Cig 291 291 292 328 342 361 444 456 461 4.81
Cio 3.28 329 330 3.73 395 3.71 3.89 434 461 4.71
cip 372 371 3.71 380 385 4.02 4.31 442 482 496
ci1 3.89 389 383 390 388 424 428 433 454 507
ciz  4.00 4.00 4.02 403 403 429 434 436 456 5.09
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Fig.4 Difference between station magnitudes and their averages plotted against epicentral distances. (Case of the
displacement magnitude Mp) H is the focal depth, and N denotes the number of plots. The average of the difference
in each sectioned range is shown with a solid circle, and the standard deviation with a bar.
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Fig.5 Difference between Mp and My plotted against focal
depth. N is the number of plots. The average of the
difference in each sectioned range is shown with a solid
circle, and the standard deviation with a bar. No significant
difference is recognized for moderate-sized earthquakes,
whereas systematic deviation is observed for small ones.
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Fig.6 Difference between the displacement magnitude M, and moment magnitude M,, plotted against focal
depth of events in the period from Jan. 1976 to Mar. 1994. N is the number of plots. The average of the
difference in each sectioned range is shown with a solid circle, and the standard deviation with a bar.
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