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LW ERATRDLIN, b1 LORIEOMEE & % 2 LA MBbTWwW5, GUTENBERG & RICH-
TERY 3£ R % 51 oMIRIC 510 THHMBOMBIRE ZF/E L s, TOW L SholiRc
DWTCHIAD b OfE%x RS, 045 26 1.8 F ToOEELBTV5, FR? FIofERs L0
DOERICHEDCT, b oESHIRHIC R 2DRFAEHRTH Y, EEMROMEBTE TLos b
K& (6=10~18), BAFHEDOKE W EORENOIVRILIRICIE 5 #1U%H CikhEE T 6=
0.7~10), XENHOHEVZEWIR TIEL - & /P (=04~07) LaiRTWw5%, BTEAF
O EZAMIRD b D2V TILF D% DUDAY OB LS 5,

GUTENBERG-RICHTER 7% & DfHEZ KD 5D Ao X, 1904 45 1945 % TD
M>73, DL, 1922405 1945 4EF T 77>M>70 D4 D, 3 X0 1932 455 1935 45
6 AETD6I=M>60D4DTH Y, FOEITL CHIKTH 100 @, Wl -cid @4
X, WHoTbhDEORTEERZL NI EVWEELRS, DUDA 3 1918545 1964 4£ %
THO M270 OMBELYFVTWE088IB A< & > DT, MEBERILEES Eiid 3,

U. S. Coast and Geodetic Survey D F{7$ 5 EBEEE (Preliminary Determinations of
Epicenters, PDE L BERR) IIZ 1963 EnDFMBE O~ r=F 2 - FLEHEI B L 5Lk -
fro SO =2F 2~ Pk P EFORKIRIE/BHAEBEC L2 DG, fiilo GUTENBERG-
RICHTER Q¥ L T DB 7 7/ =F o — F (REWEOEREIC L 2 b D, 5 ILEEREOIRNE/F
b=/ 2F 2~ FARAERC I A~ =2F a— FRBE LD D) L3RENcS

* FAE, HRvIV IV eax=Yry s H

1) B. GUTENBERG and C. F. RICHTER; Seismicity of the Earth and Associated Phenomena, Prince-
ton Univ. Press, 1949.

2) ENES; nEREEEbERES, BB ) 156 (1962), 23-52

3) S.J. DuDA; Secular Seismic Energy Release in the Circum-Pacific Belt, Techtonophysics, 2
(1965), 409-452.
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DRI DM, L LROME GERIECTR) O~ 2= a— FOR—REchRO L RS L5
Eisofc, TZTIDPDE D=7 =29 a0 — FEBCT, RELHIRD b OfEs KD T,
ORI EEO— A (BEH) D 1966 4 K R LB 2R3 & U CENT b D Th
BN, COBER, LY ko TREAIENREE S, Lo LB, FHESnssi,
LD ThithbOFRS - Sl iETs s it L,

II. WEFEHLHICER

R OHIR AR GUTENBERG-RICHTER W X 2 4 D& F 0% & Fv e, 8 1 NEk
FORENILDTH B, FHIBES L1 1964 fEh D 1966 4EF # T0 3 FRIC Fol Ui X
100km DIROMWED ~ 7 =5 o — FHEK S PDE 75 #~c, KEWOMIE T~ 7 =5
a = FALUFOWMENLRE SN CO 525, BEOHIRCREKD < 7= F o ~ F28 41~44
Thotle, XL T~ 7 =2F a— FEUEOMBII bW EThTLWibDLEL, ~ 7=
T a = FALUF OMBEDOWREN o\ IR T T DE#c B S 20 b dnhis v & Bhbh b 4
Did Region10 & 11T, Z Z THREEEN TV AIRBED v /29 o — FiEFhFh 4l sk
U433 Th%, PDED <2 =5 a— Nk, bhbhoWHnb4 0 Fntcdboddh, ki
¥ Region 19 (Japan-Kamchatka) CORAD & DL 6.4 TH 0, FBMWEFOM 7 Ll L& B

BIN  WIKXAH 1-51 & X0V A-O Z R3S
Fig. 1. Map showing the regions 1-51 and A~O.

4 BNE=-EE B RATPENIKC ST 2 EEE, B, MEX AR, 1966 4 10 A.
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nbHbodh PDE Ciz 64 DT ofErErzbhTuwb,
b OB FREORE LAY

b — sloge
2 M;—sM,

RV, 2T IMilwrs=Fa2— F M (2201 49) BEoLE GE) oxr=
Fa— FOFTH A, BRIBELIRO LB T, s<10 ORI DV Tl b OERRD I H -
fos, B0 D 3L OHiE o b DfEIE 0.60 255 140 F CORMKSML T35, LA LHMEOK
S DINZI VL DIFEENKEIVOT, BELTNT b DEIS S KEN b 0 Dbl %
EDTHOWARE EM T, FLOLREVGHIED 201 % LD THREM50TE LW X
I T, HRE LK A B0 15K E B, ThbOFHRBCOWT b Off
AROILLLONE2FTH B, FFeovwTlog N (M) # ML <7 ey F LKL
BE2RE LTURERTI S,

E1x Sl M>5, A<100km OB 5% b OE & HBHEEK s

Table 1. Value of & for 51 regions and the total number s of
earthquakes with M>5 and 2<100km in each region.

Region b s Region b s Region b s
1 119 691 18 1.10 63 35 —
2 — 5 19 1.13 271 36 — 3
3 1.28 42 20 1.45 22 37 1.08 27
4 1.13 25 21 0.97 51 38 1.40 10
5 1.01 50 22 0.93 94 39 — 7
6 1.30 32 23 0.81 108 40 - 1.03 15
7 101 32 24 1.03 116 41 0.95 14
8 1.10 111 25 0.88 21 42 1.05 11
9 0.92 25 26 0.97 76 43 1.35 52
10 0.75 83 27 0.84 20 44 1.38 17
11 0.60 23 28 0.75 26 45 — 6
12 1.34 211 29 115 35 46 —
13 — 6 30 1.13 '55 47 1.13 26
14 1.01 142 31 1.21 10 48 1.40 28
15 0.97 221 32 1.12 72 49 —
16 0.95 125 33 1.07 47 50 —
17 1.35 22 34 1.13 17 51 —
World 1.07 3170

5) FEfl; HEOHBAEROBKIR logn=a—bM ORI b %k D —FHE, LAMRYEHLHR
4, 13 (1965), 99-103.
Fafn; REOHMNERS MCBEET s HME L kR EFERSE, 17 (1967), 85-112.
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2%k 1ok T2 0 Off & BB s
Table 2. Value of & and the total numbers s for 15 regions.
Region b s
A 1 Aleutian-Alaska 1.19 691
B 2,3, 4, 5 Pacific Side of North America 1.15 122
C 6, 7 Central America-Caribbean 1.16 64
D 8, 9 South America 1.06 136
E 10 South Atlantic 0.75 83
F 12 Tonga and Kermadec Is. 1.34 211
G 13,14,15,16 Fiji-Solomon-New Guinea 0.98 494
H 17, 18, 20 South of Japan to Equator 1.20 107
1 19 Japan-Kamchatka 1.13 271
J 21, 22, 23 Formosa-Philippines-Celebes 0.88 253
K 24 Java-Sumatra-Malay 1.03 116
L 25,26, 27,28 Burma-China-Mongolia-Baikal 0.89 143
M 29, 30 Central Asia-Eastern Europe 1.14 90
N 32, 33, 45 Atlantic and Indian Oceans 1.09 125
] 43, 44 Southeast Pacific Ocean 1.36 69
A XX IXO XX XX OIXX XXX HeFy Boe b 2i10~12
X 1B XX XX XXX XXX XXX s oftfini s, #h kb bk
XX C XXX XXX XXX TR X X "
WK, DXV L B0, HEFoM
X[XXID IR RIX XX XX XXX ; e s
OlO|O[0EO[X[OX[X[X XX [X[0] BEF®ZLIEELRL. =20
XIX|X[XIOTFIOIXIX|OX O X IX[X| olicHBEicEs D 5nEHOHIH
O XX X|OIO| G [ XXX IXIX|XIX|X| #BEENTIRTHED OT, +OH
XIXPXIXIO XX XX XXIXIXIX] e v T oMl A B e e
XX XX OIX XX T XX XX X X - e
1 ‘ BZEERANCTHL, FTEGHE
OIXIXI XX OX O|O[J XXX IX|O 7 o )
XXX I I XX X X K| XXX [X T, BREFIRZRRIRTHS, 2
OIXIXIXIXIOIXIOIXIXIXILIXIXIX] oHoETHeaLErrhEhER
XXX X O XX XXX XXM X X] Ew 90% X0t 8% 0k B4
éiéigiéixxéxx NIXI <, O b o firsntfns s
XIOXOIX[X]0 L, XUHEBRENDD LIZ 2T
B3R A-O o+ 2 oM b HoHELOK — - .
R, TR 0%, 4 LK 98% o (RIS, SEEAT. 1ML 2T
FABAEED b 2R T Lo THF > oMl A% 105 8 5 47,
Fig. 3. Significance of the difference in b-value bet-

ween every pair of the regions A-Q tested
at the cofidence level of 90% (lower left) and

98% (upper right).
significant difference.

Open circle indicates the

0% DEFED & & 23 {13, B% 5
BEOLEIENEEED Y LBDD
htTwa,

6) FEHEWE; Zo0HBBCK TS b ok uoFEEORE, W (i), 20 (1967), 54-56.
T. Utsu; A Statistical Significance Test of the Difference in &-value between Two Earthquake

Groups, J. Phys. Earth, 14 (1966), 37-40.
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Region E it & offipv/ &<, fiokE 0ENHL - T 54, Region E Tk 3
log N (M) OG5z 2Rcabhs k5 @hninh Foficic-TED, F—20%EEEC
RREEN D B, Region E < 9l Qb ClABED 0, HEEE %oL x 124, B
B98% DL ESHTHB, Zhhik Region] & L 2b /&L, RegionF & O 230
DIEPRKE NS, Zhb OHMEMOEC I D 3ONETH S, b L bAREML LR
ER»PLDOBERTH->Th, EROMELELNELTDO S LOMMEANMIFAEED D LHESh
HLDOMTTLDETHH0D, FIROHERND EOREMBEDFEENTER TE 0B
BB B,

L. #

E

U. S. Coast and Geodetic Survey @~ 7= 5 = — VB HV, R EHIRCFEET 5%
WHIERIC XY 5 GUTENBERG-RICHTER DR DREL &b DEZ A& Lz, £ORR, HEATHE
/b Tonga-Kermadec ZEEFHTEA~MNT TOHIR T b 2L kE L (b=13+), FEKEE
FE»S /Y, Philippine FIEICHT TOMBE TR 5=09—) Z L2ALbhic, #
FobhToio &) A RELHRZETLZL T, & OEOMBELYMFMERSTT 500
WIREET — 2 PR REBCH D0 L Bbhs,

(ffid]) MHEMMPE X 100km *#8z, ~27=5 2~ F5 U EoMmBERaitA € 802 @
Hothl, THREDNT Db DOfEERDTHREE b=103 L fcotz, ZHITFELX 100km LLED
SEHBCHT A b=1.08 (s=3,170) & KEI 7\,

3. Magnitude Distribution of Earthquakes
in Various Regions of the World

By Hiroo ToMITA and Tokuji UTSU
(Department of Geophysics, Faculty of Science, Hokkaido University)

This paper examines the regional variations in the value of 4 in Gutenberg-Richter’s

formula
log N(M) = a—bM

expressing the relationship between the frequency of ocuurrence of earthquakes and the
magnitude using the data taken from the U. S. Coast and Geodetic Survey’s PDE cards
during 1964-1966. The maximum likelihood estimates of the &-values have been obtained
for 51 regions in the world introduced in Gutenberg-Richter’s book “Seismicity of the
Earth”. These b-values fall in the range between 0.6 and 1.4 though the values between
10 and 1.2 are frequent (¢f. Table 1). Since the error in b-value is large when the
number of shocks used in its determination is small, several adjacent regions with nearly
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equal b-values are combined to form large regions. The b-values for 15 combined regions
scatter less widely (¢f. Table 2). The 15 regions make 105 pairs of different combination
of two regions, and the statistical significance of the difference in b-value for every pair
of regions is tested by the method described by Utsu. The result shows that 23 and 9
pairs out of 105 pairs have significantly different d-values at the confidence level of 90%
and 98% respectively (c¢f. Figure 3).



