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by e) ix My b M, & my b, FUHEED B\ 13m0 % — 234 LIRS B LT3/
U&7 & 5 Ay —A%eiEbicod hTuhtenb, /s M TF LT\ . GUTENBERG
el AR e WA e

my=log (A/T)+q(d, h) (2)
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XhTwB, 2D M izEbl =7 =F - — VORI E Ric SR TEIA, ZhHAIT
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WU F O, FhblsoEc GUTENBERG and RICHTER 124 ) Mg 52 BHRT
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M, (NEIS) 11 19756 £ cix A/T L LT T=20+2s DEEME ARPT) 2 Bo&
fEZ Ty, ERUBR ETHOF — 2% M5 X oicic»7e. M, (ISC) 13K
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oo DA 10mm BLEDEE ORRIIRELFHIND = L1078 T ie, & O O%ET

DRZERT, AN S MR NMEO M OMA, M, 2SR 5EOROMINE L
TERTD. HBDHVAAMFED My 22 OBETIC X » TEDNISHEL L 5100 - 1
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2t WANEDIAEW - T=DiX, I 2 r OEDHTIEIN b EEER S BB LY,
LR TL AN b/ w2 &S VD TH D, SHLICHMIEL <
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HBIL R ET B XSR T W5 D, SEEIZIZRO b Xt e DIz 5 A 480,

b, FTREEE r 5D L &P (14) Ri2xh Mg KDL D v & Iy OBGR
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(12) BRA - KEBROBEROMEBOR Y =Fa—F My RU M,

1885 4E~1925 ED HARD B L ibiZic oW THEZR] © Mx K5 zbhTvb
M, B D% Tl iV, SEEE (1979, 1982) 1T HARTIAL T
b My &7 5L FASERANEG DN D X 5 MR OMEFTCHIR S KT DB KIR IR %
FAGWTENAR LB OF B L b=V =F o — PR, chAn5.9U 7ot
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RO 2w R ER U, 72072 L1885 SE~1900 4E DR, KRR
F=ZRIEr L (BEWLE-7L) BehuniDndE, bW TUIEES
MiedbBHZe LT M, x M, (IB) i3 53 0% HELT Vv 5. 1901 4:~1925
SEDOMIED~ V= o — FIRBEAE TR TRAREDOF - 212X o TEY, thi My
THTEET B RO 18 D\ TORBEAM A H M L TEIE Licfiid 7 % » 20K
LThsra, Kixcho~ 7= . — VLT 2BIBIEN oAl 5 2 & & L.
T HERN OHAMEIETTOMITH 5.

1901 4 6 7 24 B 7.5 (7.4), 1901 4 8 1 9 H 7.2 (7.1),

1901 £ 8 /3 10 A 7.4 (7.83), 1902 4£ 5 4 25 H 5.4 (5.2),

1904 42 6 1 7 A 7.2 (6.9), 1904 4£ 12 3 17 H 6.8 (6.2)

1906 421 J3 21 H 7.6 (7.2), 1909 4 3 A 18 H 7.5 (7.1),

1909 45 11 J3 10 H 7.6 (7.4), 1911 4= 2 A 18 O 5.5 (5.4),

1911 42 6 J1 15 H 8.0 (7.8), 191543 B 1 H 7.4 (7.6)

1924 4 1 J1 15 H 7.3 (7.5).

TS (1979) 13 VANEK D OREMT, KB E G0 KA o fe KR/ 1 0]
25, 1901 4E~1925 SEO HA DO MO < /=9 . — P&kt 2L Q) 5z X
B M, EE5 X0, KPEH LIRS Z ECRDMHOTREE 5 Twbh. ZhiE o 2Tk
M, TFETZ LiTT 5.

3. BETY=F.— FHIOTHMER

DIEBB L+ Hfio~ 2=+ o — FORDOMFHEE R, 2 DB FROV- DMz
DT, TTORMAEREARE ST BOT, ThbdBHcitts. ok, Myt
AARTREEAEFDRIVOT, fRofFL Linwny, RIHTBO < 7 =5 o — M
DORFRETAND & EhifkE L UTHRT . : :

APEIT RO L AR L LT 5. BIbTEE I, —IRES T0km R0y
32, BT THLTCOIWIER 22 73 H 50T, TORY)DITLT LD EHE
Tikfav. L~ 7 =29 2 — F my m, ZOPEALOCHETH e EL, T,
Table 1 12i8F % 18 fid~ 7 =9 o — FIOBFRE RS, [#HBZE] © M 13 1901
ELFEORRTE S o & &L, 1901~1918 4, 1914~1923 4% 8 7, 1926~1943 fED =
DOIWFENZ AT ThH B, 1923 48 9 F~1925 4EI12DWTUL 7 — 2 3D 7e W O THRRalk % 4405
L.

Table 1 12 M, »° 6/, 7\~ L 8, FRLOEHCR T % £~ 7 =5 o — FH DR
Wi MRS R IR T 5. ZOWiPITiy Table 1 iR~ 27 =% . — Vi
DTN B CTHIBE DR E ZWIF EA LS. ZOERTHDOERIITFT— 205
DI F 5 7 e 2O THIEARROMEGETH Y, MDOLAFRILT — 22 20 (HUT
oD THERRDIED o THAREIRT. 222 L M, 6Y,~8Y, OO — 1% 20 {HLL
TTL ZOMMEANDT — 2% FDTEROHIEMMILRE S ick X ThE R4
P55, HEPFORFRI~ I =F 2 — FOEDFR (27 4 7v) T, EOffrdko )
DT =2F o= FRRELZ kT, RRfiLHG2 0%, S 0MBitENFELL
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Table 1. Average differences (medians of the differences) between different
magnitudes for shallow earthquakes with an M, between 6/, and 8!/,.

Solid oblique lines indicate that no data is available.

Dotted oblique

lines indicate that there is no sufficient data to obtain a meaningful
average difference.

.- 0.7 0.
1900-’1‘913 -0.1 [ Fig. 2 |[.--7 Fig. 3 | Fig. 4 | 0.0
ig. -71=0.1 0.25 | Fig. 6
1914-"5’3/9 Fig. 1 _Fig. 2 P Fig. 3 Fig. 5
K 0.15 . 0.15 0.35 | 0.35
1926-43 Fig. 1 | Fig. 2 Fig. 6 | Fig. 7 | Fig. 8
w Wt w . 0.25
(',‘g%, rqgosg' R Fig. 10
wo. W .- 0.1
(J‘é‘x% F%.1151‘ Fig. 12
w w .- 0.1 0.
Mr Fiog.']w Fig. 14 Fig.1?5
M W0.0 oW .- 0.1 .--7| 0.05 0.1 0.1 0.2
G A _Fig. 16 | Fig. 17 | .-~ Fig. 18 | Fig. 19 | Fig. 20 | Fig. 21
Ms w o .--71 0.0 0.0 | 0.05 0.1 0.1 0.2
_Fig. 22 bl =] Fig. 23 | Fig. 24 | Fig. 25 | Fig. 26
o ABE (1979) M, 9190 28 99229
A ABE (1981a) Ma }990530 riog‘.ou
# ABE (1981b) My ‘,_.%.232 . .
e 0.0 (THEORETICAL DIFFERENCE) My2) F?g'.033 F?g'.‘%z:
a (0.2 (THEORETICAL DIFFERENCE) M, (i8) F?é(.)?s.
w WORLDWIDE DATA ) M,

KECHRONBEOW L HE VRGN LI TBIDTHE. < O, Rl
P EiEE A S L.

Figs. 1-35 iCRT X 5 emoD~ 7 =2F o — F My & My OB S, My & My
DEHEE ED B DIFHLICR e\ b LR &3 25 & WHICE » 7B D My &
My DIRCIEC - TRO DA TV BB, Thbx 7 e, F LR, GHXET
D IF ERTHICIE DI Ch D, FERCIXAS VIBED My, My 29E DL
7o, BT LTI bi. BRG] fedicid, R o go kit
Feiel, EOMBEOMINEOWT EDEDEET My & My B RDERT S0 %E
W BN B S. 7o Figs. 1-85 OHOMS ORI DD~ 7 = F o — F DE{ES
ThHb.

(1) M, (#ER) L0745 =F 21— FOMEFR

Fig. 1 25 Fig. 8 2CIRT LB HTHS. 1925 LLUTTIE My & DIHE (Figs.
4-5) 2%, 1926 LB M, (H) 1200 M, E ol (Figs. 7-8) 2% o &5 —
BB My 12 5.9 Lo 5 — 2 Uil (B » i ic o\ Tid 5.4~65.9 ©F
— 2L HHRESENL L) 2y, M, (I0), M, 2w Tt Fhat 6.0 BEX: Mg
MO LEDF—2DLZ% 7wy F LTHDH. WToiiicknTd, F—2DELD
FRFKECD, PHICET My 335U KEW. fRic 1918 4ELIRT Tk Mg 12 My
X0 0.9 KE L. 1926~1943 S Tix Me 2 M, () X 9589 0.4 KL
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e 1904~1925
o 1526~1943 .
8 *1904~1925
o ,g.n.o . 0 1926~ 1943
MG ° © -3 ;g o 8_
° - 02000: ’ 0.. ° .so 00
7_' L] e [°] :): . Ms R o o o o
. ° oy o @0 /0 °
. o oomo® 7k d N com : o
o® o o° o o o ©
6~ eogoo® &w o o '
! ° ! | 6 I |
6 7 -8
6 7 MK 8 . MK
Fig. 1. Relation between Mx and Me for Fig. 2. Relation between My and M,
1904-1943. for 1904-1943.
ol »1901-1913 i Zhul TsuBoI (1964) DIEfifL
© 1914 -1925 —8, T 5. Fil, FEFE-FH
. ./’ . (1970) 1z M, (IH) & Mg RO
L0 *. Lo MWL, #fie LT My
U ooc’o ° i:o~ MJ (IE) X ‘)qziéj 0.5 7(3‘4‘&
M, S . WARTD., (ek, ZOFHED
e R-PR —ic b T A mEHREEC X
5i- % S BHIEEL 12 L0 T A RERRC
(oS e et LaETHY, [ETEERRE
O —HICERUbREWIEA D L)
5 o . " MK & MA @B&]f‘rﬁii Fig. 3
HAohb X5, Mg & My DB
: 1 ! L HEBTV DA, FBAS I Y
M e 1914~1925 4ECi3 Me D2

Fig. 8. Relation between My and M, for 1901-

1925. 50 My X b i/ & T B

B HZ 5, St My o g
B LTorbrbhTtwbo & l, THEE] © My O3 DROUEF KDDL
bhsn, Tihbb [HEFE] OWED S BIERIKEWIE (Mx 2MEAKE VLW 5T
BRCTE &, FEINC K EWEIHLE) © M i3tz B TCikiows, RER/NE Wil
miskts My 2352 b T b7ed, BRI AT My PfikElcoTunBEnd o
LTehB.
My OZOWEIR Mg & Mg RO M, L olERz X< BERTw5. Figs. 1-2 &b
hBX51C, M it My, M, @R LUGHLTIZR G, Tihbb, My 2 M, BNEDBR
T BT DWTIE Mg IBRTRAWA, THUNADHED My pS5BRTH 70,




S ’

1901-~1913 e
1914~1923 ¢
8- . e .
My . My ) o A& .
SR e e
NIRRT LT I s Attt
T s ; : L
M« My
Fig. 4. Relation between My and My, Fig. 5. Relation between Mx and M,
for 1901-1913. for 1914-Aug. 1923.
My 25 My > M, (IH), M, <
R ) HUGHAKIZ I T 5D TH 5.
(2) My BHEX) &t
RY=ZFa1— FOBER
8- Fig. 6 w34 k5ic, B3 7«
PABFEC R LT A bR T3
M« TEMESE © My (1885~1943 45
D) Wk THEBE] © My L)
T UItD & O b b %M, H
L DL 5. 1885~1925 4E 1zD
WL, WFICRHN R
6}~ . 7%, 1926~1943 fE 12 o W T UL
o i ! My () O 523000 3 Wil
Mgen ° ‘ M7 k% 5. Fig. 19 & Fig. 24
Fig. 6. Relation between My () and My for WRT L D ie, My () 1% Me
1885-1943. 2 Moo/ LT, SE LT 0.1

ZENZ . F=23 A s v s
M, @R LTEFRMNeE iz e A &5 D i W (Fig. 81). L L My e LT,
SEYg 0.2 13Xk & (Fig. 82). Figs. 83-34 iR L oic, My (B) 11 M, () &
PIT & A ERBAI A e wA M, X DTk & .

PRI X 50, fEkvbhtuvis “EMOED~ 7 =5 o — Vit Mg SG8IT
~ /=g o — FIZ lXT 0.4~0.5 KEW” w3z &k, HEMEEZD My iibhTiT
I higw. Eh [HEEE] © My CTLHEFHERICK - TV 3RS M 52 bh T
HHFACOWTIRBTUTE Do\, o T, BRELROMMD My 25 0.5 &5\ Tl



#fli~ V= F o — FRIOBEG 417

5 BT Iou.
(3) ISC Rv* NEIS @ M,
DTS =F 2 —FD

Bafg

M, (ISC) BRv»* M, (NEIS) 12
VANEK LORIZ L - Thkdbh
TW35DT, Mg = GUTENBERG
DTEDORE LB M, X ek
(AT 20 BoRhflis ki
0.2 55k &) B chh, FE
. M, (NEIS) & ABE (1981a)
WA M LR (Fig.
1) ¢ d5 Mo TWw3d. M,
(ISC) 1L 2FEH DT — & LIrig\»
DT, 6.5 Ll LoMBEIHI D
Wi, Fig. 9w Bohs X5
AAfSEOME T M, (ISC) @
1257 M, (NEIS) X bk
WHIFES B D, Z O b b
s\,

BTHRRNB X5 Myt My
M, X 9»FH 0.2/ 3DT,
M, i3 M, (ISC) % M, (NEIS)
X v 3% 0.8~0.4 BT
<hD. L» L M (ISC) RO
M, (NEIS) % M, LWL
To#EE (Fig. 10, Fig. 12) = X
HE, F— XS EY
0.25 U 0.1 BETH 5.
NOGUCHI (1979) X VANEK 5O
Rtk sTRkdik M, (2%)
ISC == NEIS @ M, L R&7cd
D) T M, LHELTWS. Th

Fig. 7. Relation between My and M, (IH) for
1926-1943. ‘

Fig. 8. Relation between My and M, for 1926-
1943.

wkBbE M, 6.5 BT M, i3 M, X )P 0.1 /hSws M, 6 Wi cAR/NBIRA
EL M, 5.5 Tt My, i3 M, X)) 0.4~0.6 K&l TW5%. ZOffi[AX Fig.
10, Fig. 12 LBl Tw58, M, 5 ff3rto M, ISC) kv M, (NEIS) & M, o
11 NOGUCHI (1979) DFEHL X b ese/h& v, M, BT 2B BT b EEhT 5.
(4) My RU M, &< 45=F2— FORE
W HED Mg 12 GUTENBERG O (1) 1wk 2 M, LRAUTHYH, WEDHEDFE:E
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1% 0.0 TH2 (ABE, 1981a). M, i3 M, (ABE, 1981a) L h3E#g 0.1 i3 &k &\ (Fig.
13). M, & DOBFRERKIICHRS. My & M, %K~ Fig. 17 X 5 &, My 25
CREWHERIEAZ S, AT My RO M, (ABE, 1981a) 13 My, Mx (&), M, (IR)
8L X D FHANC AT 0.06~0.15 12 &K &\ (Figs. 18-20, Figs. 23-25, 73, Fig.
25 L E UK B (1970),
8 TERASHIMA (1970) A% 3 L <
W3)., M, LoEEbiR AR
CEHO2BEKKELTW S
(Fig. 21, Fig. 26). M, (IB) =
My 3bedbé& Mgicin 5%
IES LS fERE B fE
LRI HARC L - T 20 b,
Mg 2 M, &£\ 3T Thod
A, RENC I e RS EE T
5. ZOFMEIRETE (10) TN
LS, My (IB) M,
BBHEEDF — x DFERF I
RAPMEL R B LT 5 T
Tty WHICHDTHAS.

et " ! ] ] 1

Mgtise) 7 8 (5) M, RU'M, LihD<4
Fig. 9. Relation between M, (ISC) and M, ) =Fa— FORMR
(NEIS) for 1978-1979. M, (XX DEHEND H T, M,
PMEEFI U 6~8 BEEOHIBHC
3 M SGEWER /% & Bbh s
2, THREREFTEIh T3
i Tikisv. M, (KANAMORI,
1977) & M, OHif% Fig. 16
WRTH, Mg 8 UTFTi7—4%
MWiEEAER. Mg 8 LIETIX

® Japan
o World

~

8l

Ms
5/ ¢ we (NEIS),

con hanca ot 7

- ! ! ! 7 8
% 7% 5§ 7 Ms

J Fig. 11. Relation between M,
Fig. 10. Relation between M; and M, (ISC) - and M, (NEIS) for 1968-

for 1978-1979. 1980.
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. o T
o Afe »
[ i . smn .
Aofewne
XY XY VLT L IX]
o0 ome (XY
. om Rewewe
LE XY LT XN B .
e Anhe .
o oo /BAcscses
oew /oM oo
wonflo o o
Gfeoem /= pwew .
- (ERX T} } .o

. oflmoe o
-';g!::“:. M| ] ] L L
] 7
5 VR 8 Ms
Fig. 12. Relation between M, and M, (NEIS) Fig. 13. Relation between M,
for 1971-1979 (M,;<6) and for 1968-1980 and My for 1953-1965.

(M;=6).

) ] 1 I o | ] i
6 8
M, (18) 6 7 M, 8
Fig. 14. Relation between M; (IH) and Fig. 15. Relation between M; and M;
My for 1953-1960. for 1953-1965. -

W R e (Me=8.0, M,=8.0 DA%, Me=M, OHEBTHIT S
BREE ¥ Fr0E LR ChbACERTHE, Me=M, DEHO LRV TEH5HH D1
FThZER 10 HTh5). Fig. 22 wRT M, & M, DBHRRTIX, M, & LT KANAMORI
1977 o F —xDffs, ABE (1981b) DIFEIZH D BARFMEOHE % - ciED M, (A
) EEE— 2 v EARDLRTWSEAREROME (FH%, JtHtE, B, =,

wa, JEEE) o M, (A=) bmRIATW5. chiRsE M,>8.9 o ThkE
WITERER &, M, & M, O B - CRENFEZIED bhisw. Lrl, AX



Fig. 16. Relation between M; and M, Fig. 17. Relation between M, and M,
for 1904-1952, for 1904-1952.

6 7 8
My & MK(I!)

Fig. 18. Relation between My and M, Fig. 19. Relation between My () and
for 1904-1925. M for 1904-1952.

8- / 8
Mo S Mo
S A

"we *clme
7+ . oe o}'. 7
. /.:

| nEe |

-e rS

! | l 1° ! !

6 7 8
M, () s 7w, 8

Fig. 20. Relation between M, (JH) and Fig. 21. Relation between M, and Mg
M for 1926-1952. for 1926-1952.
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* World .
¢ Japan .
9k ‘.
L]
MW -0:(-/
.
.
e o0 o L]
e & egeere
8+ oo /o
oe .0
@© L]
=] . .
o oo e e
o L] L]
o Ll
L]
°
Tt o a A
& a
| 1 {
7 8
Mg °

Fig. 22. Relation between Ms and M,
for 1904-1978.

Mo °

Fig. 24. Relation between My () and
M, for 1904-1925.

8— L] . /
Ms -l

Fig. 26. Relation between M; and MM,
for 1926-1978.

.o
81— .
Ms .
T C XN
1° I
7 d
My °

Fig. 23. Relation between My and M,
for 1904-1925.

- 8
M, (i)

Fig. 25. Relation between M, (IH) and
M, for 1926-1960.

Fig. 27. Relation between M; and M,
for 1926-1978.
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M@ °

Fig. 28. Relation between M, (IA) and Fig. 29. Relation between M, and M,
M, for 1926-1960. for 1926-1981.

8- Ao M, o Ew M,
AN WA B B, SINGH &
Havsgov (1980) x 7 v — + K¢
FHET M, v M, &80
WARTHELVA, 7 rv— P
BT M, x M, T hFEHLT
0.27 PV EFHT B,

ABE (1981b) 23gR~NT\ 5% X
51 M, i M, < M, &5F¥y
CET—HTHL5 Ay —LHE
BT\ A. Figs. 27-29 123
M., M, & M, (I8), M, D%

Fig. 30. Relation between My and M, for PIRENRTW5. My iz M,, M,

1901-1925. L DFHLT 0.8 13 EMX o,

(6) M, RO My &Y =F 21— FOMHZE

PRRERROMEDN~ /=5 2 - V525 My & My i3, Fig. 30 wioh
3 X 5B D FETHDIAIE LTR—FAR L. LuTuidE, < fin M, o)
NRECHANDHH. Figs. 3-5 LT Figs. 81-82 R bh 5 X dic My, My LEEME
RO THEE] O My E0ERz, EB2&ELuAALKE V. Fig. 18 & Fig. 28
RN D X5 My & Me »2 M, X i/ EHmnibds. —F, Moz M, &
BRITAR D7y (B8, 1979). Zdud My 2 My X o finickE o & & BaT

]

Ma

(7) M, (18) RU M, LbD< 5 =F 2 — FORME

M, (IR) & M, okt Fig. 85 53, M, (1B) Xux M, 7 6.0 Y LlowEc
Rotcdd, F—= 208500 T 20T CR%E(E- 7. 1926~1960 £ M, b
2T 5 [HIEASGI 6] Tix, 7 — 20BN FHROTFIEN T 280 » To il
B, IHRESRZOE FHRIAT v 5 (ERAZFEOFEOHMAZEADL D). 2 DD
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/ /
8 ° 8 ; * »
MA . MU 3 )
TH . [ ¢ . 7 ¢ * o * ®weo o.
6 . g d 6l . - . .
5. L * 1 1 5¢ L | |
6 Mo 6 VI
Fig. 81. Relation between My () and Fig. 32. Relation between My () and
M, for 1901-1925. My for 1885-1925.
8_ L]
Mk
(=) . .
7 . .e
64 . . .
1 1 ]
6 7 8
6 MJ (18) 8 MJ
Fig. 83. Relation between M, (IH) and Fig. 34. Relation between M; and My
My () for 1926-1952. (1) for 1926-1952.

HEED~ 7 =9 o — FIXEVCHIE T M, 23700k bhTun 508, BUWE T M,
(IB) 22D FEH-T0DHL5THS. Lol Fig. 85 T DfEDMFELZECidioL.

Fig. 85 OBELLEOMEZHRTAD LA LES. AR () o@ 5 23, M, 2% M,
(IB) X o/ Bl T &0 ITwS. M (IR) =M;=6.5 O&%EH; M, (R)
=M, OUFICHELT B L5 &, TofHLS0F—2ew3+5 M,(IR) —M, o
iz, ZERTRIZE 0.0 (ZinTF 5 R) THDH, AT 0.156 THH. MHx
—fZT 5L 0.05 125D T Table 1 12z OffivifA LTw5. ok, M, 7 B



1926~1943 19441960

Fig. 85. Relation between M, and M, (|H) for 1926-1960.

BB WA UC M, (1B) — M, oafins 0.15 i 5. [/ UEEHAR TR
72 M; (IH) & M, OEWCHREENREZERH B0, WHTHB LA X > hTifict 5y
DERbR BN, WEOKREZC XY, FLMINC X W EESD LIS ERIZ LS Hab
ol

M; 28 My (IH) Xheeh3vz i, M, (B) RO M, & M, & oB% (Figs.
14-15), M, & OB (Figs. 20-21), M, & OBk (Figs. 25-26), M, & OB (Figs.
28-29) wwiBhTwv b, Table 1 WiRkT oo hbolbliccir M, ¥ M, (IR) b
0.05~0.2 /NX L TTW 5,

M; 3 Mg > M, b M, 6',~8, OIEIETEHH 0.2 /Xy (Fig. 21, Fig. 26).

M, x M, (NEIS) X b 0.156 3&/&L, M, (NEIS) 1+ M, (ISC) X b 0.05 i3&
PN, My x M, (ISC) Xb 0.4 phEWid 3 ths. LanL, M, & M, (ISC)
OEFEOLE (Fig. 10) @ X 521349 0.25 TH 5. T4 M, (NEIS) & o34 0.1
Thd. ZOFERTbILRV. BRMEOHED VANER bOoRic kb= =9 .~ F
BB OIHEIT/PAEILAHANRD B EVS T EbHEL V. 3L, BF0ogs
fFe/=Fa—F M, ik wKibBieo v Tt Mg, M, M, (NEIS, ISC) X b3Edy
0.2 BENILSEDLNLTVWHE E, M, 6 BTz ORABEENSET 3 & &3,
M, #{f5 L EFCITIT R TR LERH 5.

ANLS (1980) 13 HARPIBEE D B HARRZ T TO®RWITATOWT, KB~ 7 =
a—F (M, (IB) &M, DESE) & M, (M & M, (NEIS) #FH\T\5) OBIHEH
N, BIRARZ PADAYy =) v e 2T XA E B LT B, B - L
(1980) ¥EER ISR IR oWT M, (18), M, & M, (M, M, (NEIS)) # i
L, gt oAr — A xR T TV D,

(8) £ & &

Table 1 iCRT %< 27 =5 o — FHOFIHNER GEORR) XETOFEEZHAT
Wh. Tichh, E0o0% =92 —F My, My, My DEDIIC My—M,=M,—My
+My—Mz SR DI TOIRWEAEDR B BRI S, it My & My DWHAED bRT
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WHMEDx y b, My EM,; © Table 2. Average differences from M, for
WHDED HH T BHEED & shallow earthquakes with an M, between

i 6/, and 8/,
b, Mz & My OXGHVED 631 i
TV AIED v, b5, R, 3 Magnitude Average difference
ﬁk%@fuit,;fz@:zéi)%@%%@@v My (1901-1913) +0.8 (—0.1%)
Dld—FHET, BHC X - Tk My (1914-1923/Aug.) +0.2 (—0.1%)
PERE DD TR RS HEED 4« MIT My (1926-1943) +0.2

M, (ISC) +0.2

o TVBIDTHAD. M. (NEIS) 015
Table 2 3& <2 =F . —FD My 401
M, (GUTENBERG DEHIC X 51 M 0.0
D) b OFHNFEELRT. M, 0.0
DRz Table 1 Df—~ 7 =5 M., 0.0
- — FIOBIR%E 7 — 2 DI « &t M, 0.0

7 M, 0.0
REERBEFLUTHE LI OTH My —0.05

%73, Table 1 3 iERo & 5 7x My (FD) —0.1
FiEHEATOBEND, M, 15 M, (18) —0.1
DIRERT TH~ 7 =F o — V] M, —0.2

DR SERIRT Z L L. * For earthquakes to which Mg or My () has
Lo L, M, 6Y,~8Y, BEC T been assigned.

B =F 2 — FOREDOKE
BHAHZ EILTEYXS.

4. BEY=Fa1— O M, (XTI EZHE

M M, 3V SR WFITIDO WL D7D = 7 =5 - — FOROFEERY
M, 2M2IE 6Yy~8Y, DOHIFIC I\ TI~IA, RETTIE mp, mp, R EXEFD, EHICK
W s . — FOMBEIC BT A5G TXS. 2 oLA, 2O~ 27 =5 . — YO
ORFRAEWNRESE LT—20HF Crd 2 LR oc, BEo<r=5. -1
DD < =2F o — NIz L AR iRy o 2 Lot 5. JEEE LT, IR
N X¥pLTWwB M, #EALE. M, 2RECHZEZHLTOLEZBR TV 52,
/J\éb WECOWTIEE— 2 v F M, &~ 7 =5 . — FEDOREERFNLR T
BDT, chbOfERY My % M, WEIEFLTE DY ARDZ EITT 5. ek, 20X
A= /=g o — b*f’azjﬂ)ﬁzﬁﬁhmaia‘“ﬁ_ KANAMORI (1982) 23Z: LT\ 5.

M, =it GUTENBERG O3 (1) X334 m, M, (NEIS), M, (ISC) ® L 51z VANEK
LORICEBHD, TOMAH D, BUXIZH E VU TCMEbLRL 2 L3800, &
-1t GUTENBERG DHRWI L BL D% M, Litl, VANEK HORI L 3H0%h

X DEHIC AT 0.2 FIKEVWEEL D, KETDO~7=F.—FL, M, & M; (IH)
ORI R EN S L HHOT, M, (IB) Lfino< 2 =5 — VORI M, 23]
XPELTEZLLZ LT 5.

Figs. 86-43 1213, thECRRBEINL~=F o — VIOMHGRIET 5% OFf4
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Fig. 36. Relation between M, (log My) and M,. @ Ubras (1971), @ Ax1 (1972),
® KanaMmor! and ANDERSON (1975), GELLER (1976), @ CHINNERY and
NortH (1975), ® PURCARU and BERCKHEMER (1978), ® SINGH and
Havsgov (1980), @ Fig. 22.

DFERIRENT VD, RPOEHE MBI EA LR, FHXCE L6 TS 2
D~ 7 =9 2 - FROBRREER L, FHMBEroREe@oL EMubhicF—20
/=9 . — FORMCHIGL, BRI TOERTHS. ik, W orhofigx, K
M HAHDOD= S =F o — FORGRERTEICEE D FY i g H b b 0T
HB. Iek, =/ =F . — FHOBEGROFEAL, UT&0EF2L DM V20D
WELDD (P2 KARNIR (1973), MIYAMURA (1978), BATH (1981), CHUNG and
BERNREUTER (1981) £%). = & TIXEAIFLED I WK » Tw b L D xR -7z,
(1) M, & M, OFIF

Fig. 836 v <{ oroxikic X 5 M,—M, % M, Ofifgsxrd. O~k log M, %
M, OBIfRE LTEHE2ZBRTVALDTHSB. @D M, 13 VANEK H0ORic kB 0E Ak
LB, B M, i1 GUTENBERG Dz ks M, LZbh3. @, @EHrFD
log My 5 M, D7 v o, MIZEEVPHELCNB LY HTULDILDTHD. @7V — i
FHiEE 7 v — P AEHLIE R Sh B o O WO T H 5. @ixAkzSr Fig. 22
XD, ShbDAMEL, TTOTF — 20 3GHD S D20 D VDT, —FARN X0
WL P2 5. LUK, ZORMEBIT M, b 5Y,~8 BIEDRT M, & M, 133
ML oM TIE M >M, Eich.

(2) M, & M, OREF

Fig. 87 wir+ X 512 log M, & My ORI, dLREETOMIZHT oW TH I OMEA
55, thoRTNTHETEL bR T V5. M, B LT 4~6 oA, M, 1%
3E M, LDy, i KEWREELZ LR 5. ik, M, M, ol *»RX3e+H
= M LU, logM, & M OBFRE M 2~8Y, OEWHiTIChi T e, b L1
X, IR (1975), OHNAKA (1976) 7c KAVE LT 5.

(3) M, & M, OF%

Fig. 38 RT & 513hizdici. L b@UIHIA RO F — 212 X 38R TH 5.
chbo M, it GUTENBERG @ (1) i X5 M, mrhictid4T 23 0Ths. kX
ST M, 6 BIET M=M, Lich, ThX D REWHETIE M,>M,, /S
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Fig. 37. Relation between M, (log My) and M,. @ Wryss and BRUNE (1968)
for Western US, @ Wyss and BRUNE (1968) for Parkfield, @) Ak1 (1969),
@ THATCHER and HANKs (1978), & JomnsoN and MCEvVILLY (1974), ®
BAKUN and BUFE (1976), @D SpoTTISWOoODE and McGARR (1975), BARUN
et al. (1976) for PZ, 9 BAKUN et al. (1976) for SH, @ BAKUN and LiNDH
(1977), @ OunAxA (1978), @ PepPIN and BurE (1980), 3 CHUNG and
BERNREUTER (1981).
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Fig. 38. Relation between M; and M;. (O GUTENBERG and RICHTER (1956a),
@ GuTENBERG and RICHTER (1956b), ® Wyss and BRUNE (1968) for
Western US, @ Wyss and BRUNE (1968) for Parkfield, () KANAMORI
(1979).

et M<M, Eien. M, RTREYETIOABIS X 51 M, OEFSEY
2 TK %.

(4) M, & my; DORA{Z

Fig. 39 @Rd X 5@\ CTHED 8 KDFIHO—Fi3sic b L v, @, @, @0
M, 13 GUTENBERG DX (1) KX 53D THY, @ik VANEK 50O L% M, Th b,
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Fig. 39. Relation between M: and mp. O GUTENBERG and RICHTER (1956a),
(@ GUTENBERG and RICHTER (1956b), @ BATH (1956), cf. BATH (1966), @
D1 Finiero and MARCELLI (1959), ® KARNIK et al. (1959), 6®) STELZNER
(1961); cf. BATH (1966), @D IASPEI Recommendation (1967), THOMAS
et al. (1978), ® ABE and KANAMORI (1980).
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Fig. 40. Relation between M; and m,. @ IcEHIKAwWA and BasEaMm (1963), cf.
IcHIKAWA (1966), @ ROMNEY (1964), cf. BAsHAM (1969), @ CAPON et al.
(1967), . cf. BASHAM (1969), @ BaASHAM (1969), ® MARSHALL (1970), ®

. GupTa and RusToaI (1972), @ JorpAN and HUNTER (1972), NAGAMUNE

7 (1972), ©® Prozorov and HupsoN (1974), @ BuNGuM and TJeSTHEIM (1976),

" @ REICHLE et al. (1976), @ BATH (1977), @ Nocuchl and ABE (1977),
@ THOMAS et al. (1978), 3 CHUNG and BERNREUTER (1981).

ZFoMofEiEo M, 11 GUTENBERG © M, &5 Lo bhicw /=94 — FL
PbhBH, OO 4 LT GUTENBERG DRIC L 5 M, 2 bR#HINCTh 5
ERB B Rk M=T fET MEm, Lich, ThXhkEvgEcr M>
M, NEVIETIE M.<my LB L, EFHNTHS .
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(5) M, & m, OBIF _ _

Fig. 40 2R Lo, L OFENRSD. F—2DEBLDERMLIAKEVLDT, M,
D my TXTAHEFEREE my, O M, R SEREEIFE LS AR EHS. @
D M, 1T WACARBEOLODRET H 5. @, @i GUTENBERG O3 (1) k5
M, i zheiEdFrdnsabhnsg. @r5@F Cik M, (NEIS) /& VANEK 5D
Id M, #fisT\v 5. @QIE0 - [ 19770 © Fig. 1 ¥HE2»H ey
<, Mo Fig. 2 @b 5% M k323 my OFHED T v o, b (12E A —TIEIC
WATWE) &3 M, O/PNSWHIFACHLES. o5& HHEOF - 20068000
a2+ 5L, M, (NEIS)=5.4 /b T M, (NEIS)=m, &£7ch, chIbkZw
WETIZ M, (NEIS)>m, (M, (NEIS)=8 T m,=6.56 L), /IS IhiETIZtou
(M, (NEIS)=4 T m,=4.4 F2f) &7 5.

(6) myz & m, OB

Fig. 41 WRTHEBAIEET 5L my=m,=4.4 THFIHE LD, FoNS Wb
X LTI mey=m, LSBT THHH, Thit me=4d I LT 5 E/phEWEZAT
BHH5.

(1) M, & my; OB

Fig. 42 WWRT 2ARDEL, WHDEOREVWALNOTF - 20 bEHICH LI DL
Bbhb, KEWHET M >my Elco>T058, M, %t My, M, 5f mp OFFHRED
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Fig. 42. Relation between My and mp. @O GUTENBERG and RICHTER (1956a),
@ GuUTENBERG and RICHTER (1956b). :




Fig. 43. Relation between M;, and ms,. O Gisowicz (1972), @ CHHABRA et al.
(1975), ® CHUNG and BERNREUTER (1981).

fBnbFzr 2 bE, My h 5~T7 OF-TIE Mo i3 my X OFRE 0.8 XL oL HE
Hhb.

(8) ML & m, OE?H,%

Fig. 48 @b T2 m, % m, (ISC, NEIS) iz, M, »H#E Ll
DL ->TE Y, My xt my, OBROIRCHENENEMTHS. QRELIELD
T WD R D 5 — 215 TE D, Lrd 2D m, ik my (NEIS) & BHMICT 1T
HEBNTHB. COTheEcARDE m, (NEIS) & M, OB L Akt
DML >TLES. QREICELSDF — 21 KT, M, 4Y,~5 {35 T M=
My THDHZ LILFEDDHELTH, TRLVRKEVGHECH LT M<m, &b &1,
M, & my, M, LOBIRIcENSHE L D TR L.

(9) M, & M, OB

M; & M, %D~ =5 — F&IEL =K (Figs. 10, 12, 21, 26 /&) i 5
L, M, 6 LIFTix M, i3 M, Xv/h&<l, M, 4~5 T M,—M, (ISC, NEIS)=0.2,
#-T M, & GUTENBERG © (1) iz k5% M, & D¥%i% 0.85~0.4 &7 %. NOGUCHI
(1979) 1tz OHiPRT M,—M, (VANEK)=0.6 & LTk b, Fig. 10, Fig. 12 /e & &4
Lt 5.

(10) M, & m, ORF

TWIEEC w4 % ABE (1981a)
D mp Zflis e Fig. 44 D L5
it b, My=mp=T.4 HHETH
FRELL, FhXbREWHE
T My s mp I HRRPKESL,
INEWGHIETIE M, 2 my L b
LN E L IR B AT DI o
EHERLD.

11 M, & m, OBEER

Fig. 44. Relation between M, and mjp for Fig. 4i = MJ *& My *(ISC)
1926-1974. DERERT D, T — 223800
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Fig. 45. Relation between M, and m, (ISC) for 1968-1979 (M>6) and for 1978~
1979 (M<6).

T M,<6 1 D\ Tk 1978~1979 SFD Ny D&HFw o, + L, M 6 LA ETix 1968~1979
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X e MBS X AT, IAREIIRT® Wood-Anderson $UiZEtc X 5 My (BISATE +0.5
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12y £ & &
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M, D M, x5 5254bihgz & LT Fig. 46 &ifiveic. =0 M, 13 GUTENBERG DEFE
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Fig. 46. Curves for the average magnitude differences. Variations of M,-M,,
M;-M,,, Mi-M,, mp-M,, and m,~M, with M, are shown.
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22. Relationships between Earthquake Magnitude Scales.

By Tokuji UTsu,
Earthquake Research Institute.

It is well known that there are appreciable systematic differences between magnitude
scales used by various investigators or agencies. The average differences between the follow-
ing 13 magnitudes have been determined for shallow earthquakes in the region of Japan
(or in the whole world when sufficient data on earthquakes in Japan is unavailable) in the
magnitude range 6Y/.<M,<8'/,.

(1) Mg: Kawasumi’s magnitude in the CMO catalog of 1952

(2) M, (ISC): Surface wave magnitude by ISC

(3) M, (NEIS): Surface wave magnitude by NEIS

(4) Mpz: Magnitude used in Rothé’s catalog of 1967

(B) Mg: Magnitude used in Gutenberg and Richter’s catalog of 1954

(6) M,: Surface wave magnitude defined by Gutenberg

(7) M,: Moment magnitude defined by Kanamori
(8) M,: Magnitude based on the size of tsunamis defined by Abe

(9) My,: Magnitude used in Abe’s catalog of 1979 for earthquakes in Japan between

1901 and 1925
(10) My: Magnitude used in Utsu’s catalog of 1979 and 1982 for earthquakes in Japan
between 1885 and 1925

(11) Mz (H): Kawasumi’s magnitude in “Rikanenpyo”

(12) M, (|H): Magnitude in the JMA catalogs published between 1957 and 1960

(13) M;: Present JMA magnitude
Curves showing the variation of the average differences from M, with respect to M, in
the range 4<<M,<9 have been constructed for the following five magnitudes by referring
to the results reported by many investigators and from the present study. (1) M,, (2) My,
(8) M.: Richter’s local magnitude, (4) mp: body wave magnitude from medium- to long-
period seismometer records, (5) m,: body wave magnitude from short-period seismometer
records. The results are shown in two tables and 46 figures. The systematic differences
between magnitude scales must be kept in mind when one conducts or reviews a seismo-
logical study in which the earthquake magnitude plays an important part.




