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Abstract

The centennial earthquake catalog 1900—1999 of instrumentally recorded worldwide earthquakes compiled by Engdahl
and Villasefior (2002) is basically important in various fields of seismology ; however, the details of the catalog have not
necessarily been clarified. In this paper we examine the constituent ratio of magnitude scale (msc) and source catalog
(mdo) of the preferred magnitude Mag of individual earthquakes, which was selected uniquely from various source
catalog based on CENT.CAT (all earthquakes) and CENT7.CAT (earthquakes with magnitude > 7) database in the
centennial catalog. We also examined sources of moment magnitude Mw which constitute 59.4 % of a catalog of Mag >
7 based on CENT7.CAT. From these investigations, we found noticeable features in the centennial catalog and the
following points should be noted. First, the temporal variations of earthquake number in terms of the constituent ratio of
msc and mdo in each year indicate that the preferred Mag of earthquakes before 1964 is particularly heterogeneous, due to
the various compositions of msc and mdo. Also, the frequency-magnitude relation in terms of the constituent ratio of
msc and mdo shows remarkable variation of the constituent ratio depending on Mag. In particular the characteristics of
Mag6.8 are distinct from other Mag levels. Further, the number of earthquakes of Mag > 7 and their frequency-magnitude
distribution based on CENT.CAT and CENT7.CAT are different. This difference is due to the exclusion of 55
earthquakes of Mag > 7.0 with particular mdo from CENT.CAT in the process of establishing a catalog of Mag > 7.
Secondly, the moment magnitude Mw of the catalog of Mag > 7 before 1976 is mostly based on the seismic moment
catalog by Pacheco and Sykes (1992), most of which is based on the conversion of surface wave magnitude Ms to seismic
moment M, and then to Mw through an empirical formula. In addition, these Ms are corrected temporally based on the
hypothesis of the constant occurrence rate of worldwide seismicity. Considering the temporally fractal nature and
long-term correlation of seismic activity revealed by Ogata and Abe (1991), Mw converted from temporally corrected Ms
may have large uncertainty. These features and contents of the centennial catalog revealed by this study are important to
utilize the catalog correctly and effectively.

Key words : Centennial earthquake catalog, Heterogeneity of catalog, Moment magnitude, Seismicity rate,
Long-range correlation
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(International Association of Seismology and Physics of the
Earth's Interior) OFHFEEEZFG &L THITSI N THIES
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(Centennial catalog) EFRINTNDS.

COHEAYOTIR, 2T —FIXR—ZAEND =
CENT.CAT &, X7 =Fa— RTULOHEBEOTF—F X—
A CENT7.CAT, BX U CENT7.CAT 2D AXFD
11900-1999 4EDO Y7 = F 12— R>7 OHMgE ) A ~) THE
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INRTZFa—Rhy hA 73T Z2Fa2—R)Z2RED,
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727147107 (complete catalogue) Z1ERLT 52 &ETH o
2. TORED, BEOAY QT hSs EMiEEZNRET SR
W7s~ 27 = F 2 — R (preferred magnitude) Mag % %R L,
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BEORER, BEMEEZEEDT, 0ED>0ohvn0r
EAERR Uc. ZBAITHEE S /2 11900-1999 0
RT_Fa—FK>TOHBEI A TH5.

ORI ZFa—R>7 OHED 2 M, #HROHE
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Mag DEWIMSH TEHETHSH. LnL, Engdahl and
Villasefior (2002)1%, ZOX T =_F 12— K>7 DY A ML
HYICAHETH DI EEBRXTWS A (Engdahl and
Villasefior, 2002, p667), U A h OFHIIC DN TOEMKR
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CENT7.CAT DOfpkanrl, SMBORELRT ZF 21—
R Mag OBRFETDNTIHRARS, BEIZY T ZF 12—
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ETHDZEERELT, BEMENESNTNS.
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2. HEIZYOTDTF—IRN—ADHREY Y =ZF2—FR
FIRETHMESN Y O (Centennial catalog) DF —
FNX—ADKRRBI &7 ZF 12— R ORI DN TIRA
. RICTFT—IR=ANSERS N EHEORE/R T
JZF a— K Mag OFEFE (msc) ZFH AL (2.2 i), msc
EEHIT Mag Ot (mdo), KUILO N L O DI
(icat) DK% EEHE S Mkt Z CENT.CAT & CENT7.CAT
IZDOWTRT (23 Hi). T 5IC8FT —4 X— A CENT.CAT
ICHDE, HMBEHRORFMZLZ mse jil & mdo HIREHK L
DAL (2.4 i), Mag 155571 % msc & mdo FIHERL L
MHFRD (2.5 fi).
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i Web XR—I TRINTWSD (U. S. Geological
Survey, 2008) .
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JTCDENZ AT DT ZF 12— RDf, msc & mdo i3,
FORBBEEIHMOKETHD. £ 1 OF LEIZ
CENT7.CAT O&:#) OHAR (190041 H 5 H~1900 4£ 5 A
11 H) @5 HOME, K FEIIRZOHM (1999 4 11 A
I5H~1994F 12 A 11 H) O 5fHloMEZRT. 542
B~ 4 BY, D)oY oEHL OIS 07 O
(icat) EIFIRIE O BHI LT ALKEE OEH (asol, isol)
WEAT BHZRLTND. 55 BO 1980 FERDHEIC
12, 8HDOFT—Fty "SR DHIND S, £/, FUH
BTHTF =¥ty MTED mag DMENEWIZHY RS
BlIMAEND., ZOXIBIT_Fa—R5yF—F%tv bk
Mo, SHWEORBEY I ZF 21— K Mag 22T, O
EDOD¥MEG YO Y EERKRT S 7%, Engdahl and
Villasefior (2002) |& Mag OERNENL 2RO KD ITED =,
22 R =ZFa— FOMEEE Mag OER
HAMICEHB SN HBEORENEY I ZF 12— KD
R mscld, E— A2 YT ZFa— K Mw, REK
TZFa—RK Ms , R ERE~7 ZF 2— K mB,
BLOERAREARK Y7 ZF2—KRmb TH2D. 20>
B Mwid, WEOHEZEDODITYWHETHDZ AT —H
BE—AT N M (AKi, 1966) "5, GEIYICRO L DI
TFEINDS (Kanamori, 1977 ;

Mw =2/3(logM, - 9.1) (1)

22T My,

My = uSD )
TEREIND (BAIIN-m). 2 TuIfitEZ, SiZw
[EHfE, DIIWEm EOEE < WENWETHD. I

FEWREHET Y IVEE ERTOEE/ICED, &
FOARE—AD T OVIREANT S —HEET—
A2k My, L7R>T Mw L —F IR 51
(Dziewonski et al. 1981), 1976 4ELIED My i3\ —/N— K

Hanks and Kanamori, 1979) .

738 200943 H
CMT A& 0z (BERFRZ7o—/N)LCMT A& 0r) iZn
xINTns (CMT project 2006) .

—7, BRI et OEA B oK & E
20 ﬂ‘ﬁﬁ?ﬁkﬁ@@‘éi‘%ﬁ&%%ﬁ\b, EWiEDOR
ZFa— REFEREHEITZFa— K Ms DIL<HWS R
T&E7. FREBENVHER, EEEERE T ZF 12— R
mB, E7IZRNVHIEE THE D Sl U7 WHLE S M
BN 7e MBI A AR~ 7 = F 2 — K mb ﬁ\ﬂﬂb)
SNTER. TS REDJEEH B O 5= P IRIE I
ST ZF a— R2AT—IU, WiEEE))NT A — &@WM
A E BB AR MIVO BRI EED =D, My (L7zii-
T Mw) KX/ 5E My CIERBBIRERD, Ak
ODHEBEORKEIZEMIZEI WV
Anderson, 1975 ; Kanamori, 1983).

CDEODBBEEY T ZF 2 — RO ERBERNE 7
5, Engdahl and Villasefior (2002) 1%, SHIZED &R~ Y
ZF 21— K Mag ZEIRT 570, ROXD RN LT
BEZR->7=. 1) HEBE— A2 N MMk 5N TW5SH
BO Magld, Eid (1) Ko BBE L Mw 28HAT 5.
2) BIFRDIES h<60km T My DlkD 5N TNRNWHITED
Mag 1%, Ms, mB, mb DERIEET S, 3) HEE h>60km
T MyDsRO 5N TR Mag 13, mB, mb DJIEET 5.
COBERFRICEA2EMBEORE~Y Y =ZF 12— K Mag
EF O (msc), Mt (mdo) 7%, CENT7.CAT &
CENT.CAT DXV ZFa—RF—%t v D 1 HHIZF
HINTWD., FIATERLIORMND 1900 4£ 1 H S5 HD
HiEEIL, Mag=7.0, msc=Ms, mdo=AN2, D 1999 4F
12 311 HOHEL, Mag=7.3, msc=Mw, mdo=HRV T
H5. [1900-1999 F£DOX T ZF 12— R>7 OHE A K |
@ Mag & msc, mdo A2 D CENT7.CAT ® 1 ZEHDOF—%
Ty MCHIELTWS., 235 Mag>T7 OHIE 1,553 {H D
BROMEK1IORT. BROEIIZIXNET, Mag O

(Kanamori and

CENTT. CAT 19001 1-19991231 Mag=T7 N=1553
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X1 Engdahl and Villasefior (2002) ® 2 1 [1900-1999 42D < 7 =F 2 — RK>7 @ﬂ’_f{éﬁ’U Z k] (CENT7.CAT @ Mag >
7.0 DRIFEF) O LSSIEORRIIAM. 7L — FEESIZ Bird (2003)
Fig. 1 Epicenter distribution of 1,553 earthquakes taken from the Table 1 of llst of earthquakes (Magnitude>7) for

1900-1999, by Engdahl and Villasefior (2002), i.e., the preferred magnitude events with Mag > 7.0 in CENT7.CAT.

Plate boundaries are from Bird (2003).

—4—



HAROHIEH Z T (1900~19994F) &7 ZF 21— ROREENE-EF O

FICREEDREIZEZATRULE. 2NS5OHFITIE, Mag WERAZXK2ITRT. £/ msec & mdo IZ2DWT, FDHERK

ME CET®H msc % mdo 21722 H DML EENS. ZER2ICHZ 27 TRUE. £2ER2NERDED
23 XU =Fa— K Mag D% BEHMNFT N5,

R TN/ S HBORBEY T ZF 21— R Mag OFff msc OREKTIE, 2 EERER 2(),b)DXDIT Mw
8 msc & i mdo, KROA & OF EH icat 13, £ 1 OH NbE<, FHL EZEHDD (CENT.CAT @ 51%,
DEIBILFHOELREFTHSH. 2415 mse, mdo KT icat CENT7.CAT @ 59.4%,). XRW\WT, CENT.CAT TiZ Ms 2%
%, CENT.CAT & CENT7.CAT @ Mag i\ZDWTH¥EL 7= 18.9% Tdh 575, CENT7.CAT Tl mB 21 23. 1% Th 5.

#2 CENT.CAT & CENT7.CAT OF — ¥ X—ZAD55, EMEOREY YT ZF 21— K Mag I2D
WT, ZOFE mse, ¥ mdo RUEF A& 17 icat D5 4H &R K. mdo 1Z7C D mdo %
14 FEICE EOHTRT. mse & mdo DRERILZER 2 I1ICH Y 5 7 TR,

Table 2 Grouping of magnitude scale (msc), source for magnitude (mdo), and source catalog (icat) of the
preferred magnitude Mag based on databases CENT.CAT and CENT7.CAT . Here we classify mdo
into fourteen constituents by summing the subdivision of original mdo. The composition ratios of
msc and mdo are shown in Fig. 2 by pie charts.

CENT.CAT CENT7.CAT

msc: magnitude scale number %  number %
Mw: Moment magnitude 6079 510 922 594
Ms: Surface—wave magnitude 2254 18.9 222 143
mB: Broad-band body wave magnitude 449 3.8 359 23.1
mb: Body—wave magnitude 1999 16.8 0 0.0
Mj: Japan Meterological Agency magnitude 111 0.9 19 1.2
UK: Unknown magnitude 1019 8.6 31 2.0
Total 11911 100 1553 100

CENT.CAT CENT7.CAT

mdo: source for magnitude number % number %
ABE123 (ABE1,ABE2,ABE3): Abe(1981, 1984) 764 6.4 492 31.7
AN12 (AN1, AN2) : Abe and Noguchi (1983a,b) 145 1.2 51 3.3
B&D: Bath and Duda(1979) 60 0.5 27 1.7
BJI:  State Seeismological Bureau, Beijing, China 60 0.5 9 0.6
BRK: Seismological Station, University of California, Berkeley, USA 117 1 3 0.2
G&R: Gutenberg and Richter (1954) 379 3.2 1 0.1
HRV: Harvard/Global CMT catalog, Harvard University, USA 5485 46.1 350 225
ISC: International Seismological Centre, Newbury, UK. 2366 19.9 9 0.6
NEIC (NEIC, NEIS, USCGS, GS) : US Geological Survey 1163 9.8 19 1.2
PAL: Lamont-Doherty Earth Observatory, Palisades, USA 31 0.3 0 0.0
PAS: California Institute of Tecnology, Pasadena, USA. 431 3.6 0 0.0
P&S: Pacheco and Sykes (1992) 585 49 572 36.8
ROTHE: Rothé (1969) 213 1.8 1 0.1
UTSU: Utsu (1979, 1982a, b) 111 0.9 19 1.2
Total 11910 100 1553 100

CENT.CAT CENT7.CAT

icat: source catalog number % number %
ABE: Abe(1981, 1984), Abe and Noguchi (1983a,b) 141 1.2 66 42
B&D: Bath and Duda(1979) 20 0.2 11 0.7
BJI : State Seeismological Bureau, Beijing, China 27 0.2 5 0.3
CGS: US Coast and Geodetic Survey, USA 3 0.0 0 0.0
EHB: Engdahl, Van der Hilst and Buland (1998) 10633 89.3 1009 65.0
G&R: Gutenberg and Richter (1954) 618 5.2 337 21.7
ISS: International Seismological Summary 292 2.5 66 4.2
P&S: Pacheco and Sykes (1992) 7 0.1 7 0.5
UK:  Unknown 1 0.0 1 0.1
UTSU:  Utsu (1979, 19824, b) 167 1.4 51 3.3
Total 11909 100 1553 100
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Fig. 2 The component ratios of msc and mdo of the preferred magnitude Mag in CENT.CAT and CENT7.CAT are

shown by pie charts. (a),
CENT?7.CAT, respectively. See Table 2.

Z 113 CENT7.CAT @ Lk < TRWHEE D Mag D% <
M mB ThaHIEIZEKSD. —F, mb i CENT.CAT @
16.8%7% 58 573, CENT7.CAT ® mblZ 0fHTHS. D
F 0 Mag>7 OHIFET mb /N Mag DMEIT A S N80,
Z 0D mse 1L, Mag OFEFEN R/ UK (Unknown
magnitude), BLXUODEOLKLETIYT ZF 12— K Mj
(Japan Meteorological Agency magnitude) TdH 5.

mdo DR TIX, £ 2 OHBEDOL DT 14 HEIZ/HHE
L7z, 7t® mdo @& 5ICMiM<pHINTWS (10D
% mdo ZH) 73, X2 DXSITBHET S mdo #F L ®
TxL7=. #ilz1¥, ABEl, ABE2, ABE3 O 3 f#i%H® mdo
133k Abe (1981) & Abe (1984) THZ DT, £2DED
IZFHABEI23 & U7z, [AERIC mdo /8 ANT & AN2 3,
Abe and Noguchi (1983a, 1983b) TH D ANI2 L L7=. K
[EHE A AT (USGS) @ mdo H R RIC X » TXFEHMN
BixnM, 2DEDICEELOHNEIC &L, £/ HRV
BN—=N—RK%O CMT A4 07 (BfExao>EY

K%®D GCMT #4174 ; CMT project, 2006), P&S %
Pacheco and Sykes (1992) D h ¥ 07 THh 5.
Z® mdo ORERRILIE, 2HEBEK2(c), (@) ITRL

7.
CENT7.CAT @ 31.7%7% 5% 5.

mdo 7% ABE123 T&® % #iE1Z CENT.CAT @O 6.4%,
Z K L mdo 7Y P&S

(b) Grouping by msc,

(¢), (d) grouping by mdo, for CENT.CAT and

(Pacheco and Sykes, 1992) T % #E1X, CENT.CAT @
49%TdH %7, CENTT.CAT TIIHLD 36.8%% HH 5

(K 2d). Z® mdo 78 P&S @ Mag 1%, = DFfE¥E (msc)
DELIEMw THS. AN, Mag O fE$E (Z 2Tl
Mw) BXUOHM# (2 ZTIEP&S) 25T, Mw(P&S)
DESICERTS. 2D Mw(P&S)IZIZ, H 4 ETHD

SICEKRMEMPEYT ZF 21— R Ms DS HE I Nz Mw )
HYUEEN 5. —F, mdo A HRV @O Mag 133X T Mw,
I 7B Mw(HRV) TH D, CENT.CAT @ mdo %5k
< (46.1%), CENT7.CAT @ mdo @ 22.5%% 5 5 (¥ 2¢,
d). FFfEIBYICIZ Mw (HRV) O KRZE1E 1976 45D Ol
BThs (M3, KH6).

£ 2 OTEBO icat 13, BIFRALE S BIRRE O SHA 1
BGEEERL, K213 10 EEZR L. ZOFTEHB
1%, Engdahl ef al. (1998) M3 #& Engdahl, Hilst and Buland
DEHFEAZZ L, CENT.CAT @ 89.3%, CENT7.CAT O
65%7% 5% % . Engdahl et al. (1998)1%, #i/-/2@EEET
(ak135 £ ) ; Kennett et al., 1995) DA ZE & 5 & i
OBBETEBI S NI K& OMHRRT — %
ZRAWT, WOHIEF TH O MENICEEEBHREL,
HRIIBHREOFEIOHEZREL TWS., fIAIXE1 T
1918 EfRIT B, icat 7Y EHB TEFEHIRE I N TWHHIE
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Fig. 3 Temporal change of the number of events per year of earthquakes with preferred Mag, shown by the frequency

distribution of constituents (a) msc, and (b) mdo as in the legend, respectively.
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based on CENT.CAT,
respectively. (b) Mag-time
plot.
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LT 2643 fE/AE & 7 f5ITHNT 2. 22U, X 4(b)

D M-t 70y k5 1963 4£F Tld Mag > 6.5, 1964 £ L),
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(2002) 1% 1900~1963 4 % JEE S RE{L  (historical period) &
ML, <z ns2tEZ20oR/NTZF 21— R
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7272 L 1900 £ ~1935 |3 Ms6.5~7.0 DIFNNH > & H
ZNELTWDS. —75, 1960 FEALHI A & TS EEAE M =
BIHIHE WWSSN (World Wide Standardized Seismograph
Network) DN E O, [F—5OEFEMN & & EH
BT R BT —F EWMN MBI A=, ZHITXD
1964 47/ %5 ISC (the International Seismological Centre)
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Fig. 5

constituents mdo as in the legend, respectively.
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MBI AN BZOLIBREBETERINZ. 20X
ZFa—R >TOHBOFMIONTIIEIBETRRS.
K3 ERAITESE, ROKDBEENETSNS.
(1) X 3(a) D 1 EHED mse JIEEMNS, 1964 £ 5D
MR DFE LWL mb OEMIZE 2 H DT, 1976 4%
THZE>TZW. 20O mb OEHNIK 3 (b) D 1 445D mdo
DIEE NS, 1964 4E/n 50 ISC Oy O 7 HlfFic k-
TW5, (2) K3(a) D 1968 E~1976 FEE TlI mb & &
HIT Ms BRI Z <, ZDRZEIL NEIC (NEIS/USGS)
D MsTHD. —F, 1964 4£~1976 LED I, I1SC H ¥
0710213 Ms MBS TWian, TNz
7= 812 Engdahl and Villasefior (2002) |3, 3(b)DXDIZ
mdo 7% PAL, PAS, BRK Z D Bi—#HI S D Mag 2 H L
FELTWS., 205D Mag 13K 3 (a) T 1964 £ ~1976
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IXLABE, HRV D& — A > h T 2V IVRIZ K B Mw 73)L —
F UM ERIN, msc DREHZE HH D, HRV K
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K 4 (a) D Mag > 6.8 O RRIEH (—=BHH) &, 1920 4F
ROPIDE~1950 FA T, 2 Dits & D AE AR
M2 bZ2RT. ZHEK 4 () O M-t X T Mag 6.8 DHiFE
OBEENZOMMEN > TEHWI SITHRT 5. £z
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55 &Lk LN TEENSYOZIE, 1930 4~1963 mdo B ORERL L DR & A T E /=, Z 2 Tld, CENT.CAT
1 Ms > 6.5, 1964 4£~1999 4£1F Ms>5.5, =L T4l D Mag f5 &%k % msc Bl & mdo B DM R &R
MZELTMs>7.0 DHIBICODWTIRNNIELS ELTH 5(a), (b) 1%, CENT.CAT ® Mag0.1 ORXY) 0 45D
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Frequency-magnitude distribution of preferred Mag in CENT.CAT, shown by (a) constituents msc, and (b)
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X3 CENT.CAT O Mag 0.1 15 D £ 4 % mdo HIIZ/RY . HAMNCREER ZRT . Mag DEE ST D mdo
ORI DR LT 75 7K 5 (b) 25 1.
Table 3 Frequency distributions of Mag in each division of 0.1 are shown for individual mdo in the CENT.CAT.
Cumulative frequency is shown in the right column. Frequency-Mag relation with mdo component ratio is
shown by stacked bar graph in Fig. 5 (b) .
N'}:‘; A13§ AN12 B&D BJI BRK G&R HRV ISC NEIC PAL PAS P&S ROTHE UTSU N 2N
9.6 1 1 1
9.5 0 1
9.4 0 1
9.3 0 1
9.2 1 1 2
9.1 0 2
9.0 1 1 3
8.9 0 3
8.8 0 3
8.7 2 2 5
8.6 4 4 9
8.5 4 4 13
8.4 4 4 17
8.3 1 2 3 6 23
8.2 1 2 9 12 35
8.1 1 4 11 16 51
8.0 1 6 12 19 70
7.9 2 6 18 26 96
1.8 3 12 31 46 142
1.1 5 5 18 41 69 21
7.6 12 17 39 68 279
7.5 21 3 2 1 25 3 46 1 102 381
14 34 1 21 15 1 72 453
7.3 40 7 1 31 2 56 2 139 592
7.2 66 8 1 1 54 143 1 2 276 868
71 | 134 6 12 1 68 4 7 1 125 4 5 367 1235
70 | 174 45 21 5 1 1 84 12 15 7 1 8 374 1609
6.9 | 131 44 3 70 92 4 9 46 5 36 10 450 2059
6.8 58 46 4 3 302 100 2 13 172 5 80 16 801 2860
6.7 32 4 7 5 150 7 12 2 1 91 20 331 3191
6.6 27 12 1 179 5 30 21 1 20 296 3487
6.5 16 25 11 240 11 41 54 26 424 3911
6.4 3 300 17 36 2 9 367 4278
6.3 2 1 353 17 61 5 439 4717
6.2 3 416 41 55 31 546 5273
6.1 2 3 538 72 79 2 5 701 5964
6.0 1 14 655 93 90 6 37 896 6860
5.9 8 842 132 114 6 9 1111 7971
5.8 16 979 216 120 5 12 1348 9319
5.7 11 291 368 135 1 806 10125
5.6 22 580 157 5 5 769 10894
55 21 792 192 5 6 1016 11910
Total| 764 145 60 60 117 379 5485 2366 1163 31 431 585 213 111 ] 11910

FELTT7Z7) THD. H#DERIT TR <K
BRETH S, #ihD Mag DL 5.5~9.6 T, KD
Mag =9.613 196045 H 22 HOF U i Mw =9.6 TH
5. BRI, Mag 3R U TH mse & mdo DREKIZE
NTNRZ D, T OB Mag DEICKEL TELT
5. BERNEHBEL T, RbERNEL WRBEMEIT Mag5.8
TERI1348ETH D 2 &, ZORMIE Mag5.8 LA ET
ERIT— B2 T 28 Mag 6.8 ICEHUEN - =6 (B
802 ) MENDZ &, NEFHND.

5 (a) @ msc Bl D EE /3 4 T, Mag5.8 Riid 5.5~5.7
DEFIF T EELL ED 59%75 mb TH D0, fHifl Mag
58U EDELII MW THS. ZHNIZHL, 2HHDIED
Mag 6.8 TlZ 60%75% UK (Unknown magnitude) TdH 5.

-
—

%K 5 (b) @ mdo D ER A THD &, MfEi D Mag
5.8 MBERMNEAWT D Mags.7 D#iIFHD% <13 HRV T
HHN, 2 HHODIED Mag 6.8 13 G&R (Gutenberg and
Richter, 1954) @ mdo 23 H % <, mdo JITHTHER
R THD. T/2bb, Mag 6.8 D msc & mdo DHEE,
tid, ZORiE%ED Mag ODRERREL BRI TR S, D
4 THDE, TD Mag 6.8 DER DL I1L, K4(a) D
Mag > 6.8 O RFEE R O EIE A E 72 WM, 4 (b) ® Mag
6.8 MEELZHHOTFENRENEZZENS.
ZDEXDIT Mag DEE IS4 D mdo BIMEKIX, Mag @
HHETERLZOAREETHS. mdo B 2L < A D=
®, X312 mdo IR E Mag 0.1 iR L. EidD X
912 Mag 6.8 TlZ, mdo 7% G&R T®H % Hi @i 302 &
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EBEST 5 T2 (Mag 6.8 D% N=801 {il D 38%). Y
T mdo 7% PAS T& % Mag(PAS)6.8 DHIZEN 172 Td %
(Mag 6.8 @ 21%). Z O Mag(PAS) I3 5.5~7.1 D#i[Hiz
HO, PAS DT Mag 6.8 DEEMNERLTHDH. b5
G&R & PAS @ msc }E UK (Unknown magnitude) T&H O,
$2DM 5(a) T Mag 6.8 ® 60%% 5% % UK OKEED
mdo 12D G&R £ PAS TH 5. ZDXDIT Mag 6.8 D
N E > T <, M DZ O mse & mdo DR LA
BATHDHZEDERELT, XVZFa—K >T0h
ZOTIERRDI=012, Mag6.8 FREELL F D F — & % % f K
DAZOATNSNELEZZ ENEZSNS.

—%F, %3 D Mag7.0 L\ D mdo B EEK % H D &, Mag
7.0 & 7.1 T3 ABEI123 23 & %\ (Mag7.0 ® 47%, Mag
7.1 @ 37%). LML Mag7.2 Tl P&S 7% 52%% 55 5.
Mag>72DEETHTHPES N 51%% (58, K\ T HRV
M 23%TH2 (K 50) 2. £/, Mag7.4 OREIZ
N=72 {f T, ZOfi#% (Mag7.3 ® N=139 {#l, Mag7.5 ®
N=102 f&l) ITHRTAERL, 2EROEH M THTHE:
HBTHD (MSBW). 2D Mag7.4 DAL, £3,
5, 12 mdo % P&S (Pacheco and Sykes, 1992) O Mag 7.4
DEH (5 @) NEOmEOEHRIVBREIT SRV
EOEBLEZOND., TOFENIBHEDEZAHEMN
Tld 7z,

PAE®D mdo B|D Mag DEFORK#MEEHIZ, £33 D
BT REEMIZ, CENT.CAT @ ZfEE% (Cumulative
frequency) XN 7Y, Mag>7.0 TEXIN=1,609 i TH 3 I &
Thd. JdDEX Sz CENTT.CAT & 1900-1999 fED < 4
ZFa— R >TOHEY XN ® Mag>7.0 QHIEIX
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3. CENT7.CAT @ msc & mdo DRk & CENT.CAT O
Mag > 7.0 QHIGE & DHE

2.4 ik 2.5 §id CENT.CAT & [AA%kiZ, CENT7.CAT (Z

DWNWT, B ORI/ & Mag 5 E £ 534 O msce Bl &

mdo B DORERLEL 27T (3.1 ). /= CENT7.CAT ® Mag

>7 D58 F ik & CENT.CAT O Mag > 7.0 DHIEE & D

BIZDWTIHRANRS (3.2 fi).
3.1 CENT7.CAT ® Mag > 7 OHi5E O Wi 45 1 & FEER S
i @D msc {] & mdo RS pk

CENT7.CAT (K ® Mag ® msc HI| & mdo 5! D K%/ i
1, 2 ERK20), @ ITRLE. TS5 LEFED
HEF & mse BB LY mdo BOKEEKAE 6 (a), (b) TH
S, ST 155 /4, BEEERZER 4.6 H, H/NERIT
1989 -0 6 fifl, HAREEIL 1943 ED 2 FETH 5.

6 (a) ® msc B D 1 FEMBE R ORHIZLTIE, Mw
NEHIFEmEL T 594%%2 595 (K2 (0b) &), 1976 4£
PIFEIZIF & A E Mw T, 2@ mdo |ZX 6 (b) ® X 512 HRV
Thd. —F, 1975 FLIEE, Mw & & BICRBEDE
¥D Ms & mB THERESNTWS. 1975 £ DIFTD Mw D
KEZEIZK 6b) &SI mdo 7% P&S, T 72b5bH
Mw(P&S)TH 5. 1975 4ELIFTD Ms & mB @ mdo %
ABEI123 T&%. 1900 4£~1917 4£® mdo 1213 AN12 &
B&D, 1900 4£~1925 £ mdo 1213 UTSU 3511 5.

[l 7 (a) , (b) i3 CENT7.CAT ® Mag0.1 1§ @ FE $ 5 47 D
msc Bl & mdo BIDORERE 2R L TW 5. fitdh o BT IE
RETHS. 2EOBEHIZ, EROBEHMEIZ Mag 7.1 12
HD Mag7.0 DEEIDZNWIETHS. ZO0MKIE
420 CENT.CAT @ ¥4 5 (a) , (b) @ Mag>7.0 D4y
il &R s, EBE, # 375 CENT.CAT O Mag 7.0 1%
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Fig. 6 Temporal change of number of events per year of earthquakes with preferred Mag, shown by the

frequency distribution of constituents (a) msc, and (b) mdo as in the legend, respectively.
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Fig. 7 Frequency-magnitude distribution of preferred Mag for CENT7.CAT, shown by the constituent ratio of (a)

msc and (b) mdo, as in the legend, respectively. Note that the distribution differs in frequency and form from

Mag>7.0 for CENT.CAT shown in Fig. 5.
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BOMOBRIIAEARTH D, Mag>7.2 TILP&S 8 51%
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3.2 CENT.CAT & CENT7.CAT () Mag >7 QOHEBDHE

2.4 fi Ty~ 7= & 512, Engdahl and Villasefior (2002) 13,
ZFEHED msec £ D mdo DT ZF 1 — K M &5
CENT.CAT /5, 100 fEf 28 L /= iR B) 2 369 2
Y0, 5 MU EOERRAYOT (complete
catalogue) Z{E2 Z L2 B Lz, TORREEHED
WX ZFa2a—FK Mag > 7.0 OHEDF — 4 N— X
CENT7.CAT (Jen&12HR) &, TOEEFEEFZEZIOH
L7z T1900-1999 DO T ZF 2 — R >7T OHIFEY X k|
MMER SNz, 2OXRTZFa— R =27 OHEITROX
STHTFIETER TN,

%9 Engdahl and Villasefior (2002) 1%, &b A< b
TERREW ST ZF 12— R Ms 2HMEITRD, ot
MO MEDOEBEHANZ., TORE, Ms65HEEULED
HOWHBIZOWT, Mw OB 5N TSI HIEIZ Ms=
Mw RIS 5. FEWHIEICOWTIE, HWnbiz <M
D THWRETH DD, Ms=Mw=mB=mb &iFLIT 5.
FLREVWHIET Mv O s TR WHER, kil
mdo 7% ABE1~ABE3 (Abe, 1981; Abe , 1984) J% X AN1

& AN2 (Abe and Noguchi, 1983a, 1983b) D Ms % FLifE &
L. 2, ABEI~ABE3 & ANI, AN2 O Ms % %
LT Ms(ABE) & F 5.

Z®» & 5121 T, Engdahl and Villasefior (2002) (3 [& U
HEEIZ DWT Ms(ABE) & mdo D M & D#, M(mdo)
—Ms(ABE) Db X 87T LZEERL, EDOVEZ KD T
HUED Ms(ABE) I B{RZE L. £OFER, mdo 73
G&R, B&D, ROTHE, BXLUPAS O MIZDNWT, £NT
#1 Ms(ABE) =M(G&R)-0.2, Ms(ABE) =M (B&D)-0.2,
Ms(ABE) =M(ROTHE)-0.2 235 50 7=. £/~ M(PAS) I
DWNTIE, 1960 4F LIFTIZ Ms(ABE) =M(PAS)-0.2, 1960
FELEIE Ms(ABE) =M(PAS) N Z U THAHE L. TN
5DE A TS A& KR Engdahl and Villasefior (2002)
@ FIGURE1 [Z/RENTWVD. ZOFBIZHED X,
Ms(ABE) D> 5N TR WHIEIZD W THO mdo O
Mag % Ms \CHEL, 20 Ms0.1 HOEER G (1
ELDOHER) 2k, TOERTM L
Gutenberg-Richter DRI DIKEN S, 1900~1999 £ D
2 TIE Ms > 7.0 TH YO 3L ThHsEL T

[1900-1999 ED X7 =ZF a— K > 7T OHE I A~ M
TERL S N7z,

ZOHBEORKE, LD M(G&R), M(B&D),
M(ROTHE), M(PAS) T Ms7.0 [Z3 LR WHIEIZZEY D
I CENTT.CAT ;2SR TW 5. Fil i, M(G&R)=
7.1 13 Ms(ABE)=6.9 |2, M(B&D)=7.0 |3 Ms(ABE)=6.8
ICHST BT, 2SOl CENTT.CAT 28 £h
B, TZITHEEIXREZEIF, 2015 M(G&R),
M(B&D), M(ROTHE), M(PAS)T%, Mag>7.2 QDHIE
13, JCO M OfE T CENTT.CAT I N TNnHZ &ET
H5. FlzZE, M(B&D)=7.213 Mag=7.0 IZFEIN DD
Tl372< Mag=72 & LT CENTT.CAT ITE EN TNV 5,

ZZ
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Z D& DIz, CENTT.CAT |Z B2 CENT.CAT 7 5 Mag >
7RO LAEdDTIERL, FEOXS i ERIRD
458, CENT.CAT T Mag>17.0 Tdh %7 CENT7.CAT 125
FNBVWHENGFEET S, Z0NEDFE 3 O CENT.CAT
D Mag > 7.0 DR & CENTT.CAT OHiEE#k D 56 {#D

% H 738 2009 4E3 H

BWTHD. E4il2Inrs S6 HOMBOU A RERL
7. ZOHTI969 4 8 H 11 HD Mw8.2 1%, CENT.CAT
IFIEH CERER & EBRAEDO Mws.2 OHIFEN I A
5N5DT, 20 Mws.2 1% CENT.CAT Iz ~EIT[UEkE N
TWwaEEZOND. LENS>TINZERWVWER 4 O

# 4 CENT.CAT ® Mag>7.0 D5 %, CENTT.CAT ITE £N7/8W 56 fHOHE Y X h. ZDH T 1969

8 H 11 HD Mw 8213, CENT7.CAT |

CHEOTHICRBRINEMELEASNS. L

75T Mag 7.0 & 7.1 @ 55 &% CENTT.CAT D5 BN N METH 5.

Fig. 4 List of 56 earthquakes of Mag > 7.0 in the CENT.CAT which are not included in CENT7.CAT.
Among these events the 1969 8 11 Mw8.2 seems to be erroneously or double registered in
CENT7.CAT. Accordingly, the 55 events of Mag 7.0 and 7.1 are omitted from CENT7.CAT.

No Year M d h min sec Lat. Long. Dep. Mag. msc icat mdo

1 1905 3 4 16 O 200 -4.00 149.00 60 71 UK B&D B&D

2 1905 4 26 21 43 0.0 -21.00 -70.00 60 70 UK B&D B&D

3 1905 9 26 1 26 9.0 29.00 7400 60 71 UK B&D B&D

4 1905 12 4 12 20 250 38.00 37.00 60 70 UK B&D B&D

5 1906 6 19 11 22 410 2000 12200 60 71 UK B&D B&D

6 1907 7 9 19 54 50.0 1400 12300 60 70 UK B&D B&D

7 1908 8 20 9 53 00 32.00 89.00 60 70 UK B&D B&D

8 1909 2 26 16 42 0.0 500 -95.00 60 71 UK B&D B&D

9 1909 3 12 23 19 0.0 3450 14150 35 71 UK UTSU B&D
10 1910 11 14 7 34 31.0 2450 122.00 0 70 UK BJI B&D
11 1911 2 23 11 14 120 2700 128.00 5 7.1 UK UTSU B&D
12 1912 10 18 11 48 0.0 5460 179.20 60 71 UK B&D B&D
13 1915 3 8 15 29 43.0 39.00 142.00 0 70 UK 1ISS B&D
14 1917 3 15 0 14 11.0 39.70 144.10 0 7.1 UK 1ISS B&D
15 1945 6 3 13 5 33.0 840 -82.70 80 70 UK ISS PAS
16 1947 1 21 20 6 420 -2450 -70.30 0 70 UK ISS PAS
17 1948 1 6 17 25 58.0 17.00 -98.00 80 70 UK G&R G&R
18 1948 5 28 5 36 16.0 -13.00 -76.50 60 70 UK CGS PAS
19 1949 4 18 21 34 420 -1580 -172.80 0 70 UK 1ISS PAS
20 1949 5 3 5 56 410 4860 15350 96 70 UK ISS PAS
21 1949 5 30 1 32 50.0 -20.80 —69.00 96 70 UK ISS PAS
22 1949 6 24 22 38 490 -6.20 10570 65 70 UK ISS PAS
23 1950 1 2 15 14 350 -1150 16540 0 70 UK ISS PAS
24 1950 3 27 21 18 290 -590 102.90 0 70 UK ISS PAS
25 1950 9 22 23 53 320 -1760 -177.10 413 70 UK ISS PAS
26 1951 3 24 0 17 43.0 -10.60 16550 160 7.1 UK ISS PAS
27 1951 4 14 0 45 29.0 -2330 —66.40 223 70 UK ISS PAS
28 1951 5 6 16 10 520 71.50 —9.00 0 70 UK CGS PAS
29 1951 6 6 16 10 480 7130 -9.70 0 70 UK ISS PAS
30 1951 12 12 1 37 40.0 16.50 -96.90 160 70 UK ISsS PAS
31 1952 6 22 21 41 530 46.70 153.70 0 70 UK ISS PAS
32 1953 6 25 10 44 56.0 -9.20 123.00 0 71 Ms ISS ROTHE
33 1956 1 31 9 17 126 -342 152.04 362 71 Ms EHB ROTHE
34 1957 4 21 21 12 28.6 6.91 -72.05 15 71 Ms EHB  ROTHE
35 1959 9 15 11 5 372 -2205 -179.32 586 71 Ms EHB  ROTHE
36 1963 3 26 13 25 21 -30.05 -177.71 35 70 Ms EHB ROTHE
37 1965 9 17 16 21 211 36.34 14133 43 71 UK EHB B&D
38 1965 11 13 4 33 544 4384 87.75 51 70 UK EHB B&D
39 1966 3 6 2 15 580 31.45 8047 M 70 UK EHB B&D
40 1966 6 7 13 59 37.8 11.30 139.64 49 71 UK EHB B&D
41 1966 8 1 21 2 57.6  30.05 68.63 7 70 UK EHB B&D
42 1966 10 19 8 1 336 -158 -1539 20 70 UK EHB B&D
43 1967 1 20 1 57 20.0 48.07 103.06 2 70 UK EHB B&D
44 1967 3 4 17 58 4.1 39.10 2462 8 71 UK EHB B&D
45 1967 3 19 4 1 359 4563 151.20 8 70 UK EHB B&D
46 1967 8 30 4 22 42 3163 100.23 7 70 UK EHB B&D
47 1967 11 23 8 35 53.7 14.45 51.98 12 70 UK EHB B&D
48 1968 6 17 11 53 1.5 4110 143.07 36 70 UK EHB B&D
49 1968 9 16 13 55 36.3 —-6.03 148.74 43 70 UK EHB B&D
50 1969 2 11 22 8 536 41.42 79.24 13 71 UK EHB B&D
51 1969 4 21 7 19 284 3215 13187 37 70 UK EHB B&D
52 1969 8 11 21 26 38.1 4356 14782 31 82 Mw EHB  P&S*
53 1971 5 18 22 44 422 6392 146.11 9 70 UK EHB B&D
54 1973 6 26 22 31 59.3  43.11 146.60 29 70 UK EHB B&D
55 1974 10 10 6 56 517 41.08 143.08 43 70 UK EHB B&D
56 1975 5 23 16 1 52.7 2275 12257 17 70 UK EHB B&D

* Event #52: probably erroneously registered double in CENT.CAT with the same Mw8.2.
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Mag 7.0 & 7.1 @ 55 {73, EFt D#AET CENT7.CAT /n
SRz Mag>T OHIETH 2. £4DIXDIZFD mdo
12 EFtd B&D, G&R, PAS B#X U ROTHE TH 3. /-
Z @ msc |EAKER5r 7 UK (Unkown magnitude) Tdh 5.
INHER4OHMIESE, £ 3 D CENT.CAT @ mdo HI| D[

BTHDE, #ilZIE B&D Tl Mag > 7.2 OFREF 27 N
CENT7.CAT I8 £#1, Mag7.0 & 7.1 @33 {iiiZ CENT7.CAT
WZEENRW. F7=, PAS ® Mag (1960 FLLHET) 13,

Mag7.0 & 7.1 ® 16 {fH CENTT.CAT I2& N T, /-
Mag >7.21% 0l 75 T, mdo 73 PAS O #1723 CENT7.CAT
IZHEVY (£ 2 O mdo T PAS OEHSR).

Dl b, £4DEFEDmdo ® Mag7.0 & 7.1 O 55 f (Mag
> 7.0 OHIEE D 3.4%) HGBRINFLUED Ms7.0 12T,
CENT7.CAT X7 =ZF 21— R >7 QU X MNIEENR
V. ZFOHER, CENT7.CAT OERSMfIL, DT DX
DI Mag7.0 X0 Mag71 OEENL, K5 O
CENT.CAT ® Mag > 7.0 DDA IZHRNTRORAREH K
ThH5. =205 S5{EIE, £4 OXDITKEAYIC 1917
ELIET & 1945 DR IZH M TWDS. FEOM 4(a) D
CENT.CAT O Mag > 7.0 O BAEF A (FEH) 120

REREIAYICIE, 6(b) DX DIT 1976 FELIEIZIFEAEN
MwHRV) TH D. 1962 H£~1975 FEIZHLNDIDED
Mw(HRV)1Z, 300km X OEWEHRHMETHD. —F
1975 LA D Mw 13, KZ %A Pacheco and Sykes (1992)
OHBEE—AL M hFyOZIZEDIL Mw(P&S) TH 5.
TD MylZ, WIROFEEFITED My &, Ms & My DR
KERNT Ms Do E L My D 2 B THRK SN TW
L. IBITFED Ms I D Ms [ IEZ L /= Ms T
BB, 25 DR M 12D < Mw (P&S)1Z, CENT7.DAT
D Mag DHIT, Mw KD 62%% 56, BHET Y OT N
DOEBRE, #FEIIKEZW. % 2 T Pacheco and Sykes
(1992) D HAZ TOTITRD, MyDWNHR, Ms & Mw DBI%
PN, Ms OFFMMHEICDONWTRRD Z &5 5.
4.1 Pacheco and Sykes OB F¥ O T D Myl DNWT
Pacheco and Sykes (1992)1%, EEfFO Wy O i o=
1900~1989 4E D Ms > 7, #E&E< 70km O i % 5 % f7 £

L, 11900 - 1989 fEDMIBEBE—A> M hyOY | Z1ERK
L7z, A&7zl 698 MBI DOWT, TOBRY

&% D Ms (Ms original), Ms original IZ#1F % i L /=
Ms (Ms corrected) BEIUMHEBEET— X >~ My NNHE#E X 1

ns SSENGENTND. FAZINS S5EZRW
Mag > 7.0 O BREMMERT, LidoX 4@ oZhs 55
fHlzEORBEABT EFIEAEEDSR . LL,
Mag > 7 OHIFED E A HISE O FE L WAEHTIC
Nns SSEOMEZEDHLS ERGE O *ﬁa#ﬁ\u‘é\
BEEEZLND.

-
—

T, IET—A2 K ML, EEOLDIC
F—Y DRSNS RD SN MMDOTRRIC K D My &,2)
Ms corrected 70 5 R D Ms & My O -/ 73 % B =X
(Ekstrom and Dziewonski, 1988) 7 FH W THE L /= M,,

THRENTWS. BT, Ms>68I12DNWT

logMy=1.5Ms +9.14

4, CENT7.CAT ) Mw & Pacheco and Sykes O ¥ %
AEOLSICLTIESNAEZY Y ZF a—R >TOHE
JARDS B, Mag D 59%I1% Mw TH 2 (£ 2, X2).

" Pacheco & Sykes (1992) 1900 — 1989 Nall=698 Nref=284

HN by Ms
[ INref |
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Fig. 8

NRVAR! 3/

(3)

T & % (Bkstrom and Dziewonski, 1988) .
ZD1)E2)DHETRD SN My DR %, 8(a)
W1EBEOBTRLE.

1900 £ ~1989 4E D%k (Nall)

(a) Pacheco and Sykes(1992) @ 1900
- 1989 FOMEE—A> NSO
7101 EFOMER. BRI
Ekstrom and Dziewonski (1988) @ %
BT ED Ms s My iR S
JoHEE, BRI XERIZE D Mo
DOHE (Nref) 277 . (b) DX
HRIZ &K D My DHIEEEEL Nref D IS D
IF 1 221

(a) Number of events per year from
the seismic moment catalog of large
shallow earthquakes 1900 to 1989,
by Pacheco and Sykes (1992). Solid
the of M,
converted from AMs through

bars show number
an
empirical formula derived by Ekstrém
and Dziewonski (1988), and white
bars (Nref) are the number of M,
taken individual
the

(b) Temporal variation of

from other

investigations referenced in
catalog.

the ratio of Nref in each year.
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698l DD B, NIZKD My D (Nref) 13 284 & T 41%,
0 59%732) D Mscorrected N HIUE I N/ My, TH 5.

1 545 D Nref DEIE1E, X8 (b) DXL DIT 1977 £ LI,
Dziewonski ef al. (1989) 12X % HRV D M, & & DAth @ SCHk
D MIZED 100%TH 5. T L, 1950 FLLRTD
Nref {3 0~40%ft & 72 < 1960 £ SIS 5. 1900
~1976 4FIZfR D &, [EL2) D Ms corrected 70 & B X
NIz My78 68%TdH 5.

4.2 Pacheco and Sykes OB T d Ms EHiE (1900

~1980 4£)

FEOHIE Z I RO Ms (Ms original) &%, 1900 4F
~ 1912 4 % TlZ Abe and Noguchi (1983b), 1913 ~1917
A FE Tld Abe and Noguchi (1983a), 1918 4E~1980 4F FE
Tl Abe (1981,1984) THR®O 5N 7= Ms TH 5. £z 1981
F~1989 #1%, USGS @ PDE (Preliminary Determinations
of Epicenters) & 0712k % Ms Tdh5. Pacheco and

¥ 735 200943 H

MO AERIIENIC—ETHD, BRREELZDE
HEMBARIFIEF-ECTHDERELZ. TDOKRAIRIZ
HoOXE, 1900 4£~1980 4= D Ms original > 7.0 O RFEJE L
DOEHERICENZHE LT, ABWERICESAR
BEMED=H E LT, Msoriginal |25t U CHIRE O HIE %
L7z, §7/xb5, REEHOMER N 1900 4~ 1980 4£T
WFE —E 725 K DT Ms corrected 23R8 /=

Z @ Pacheco and Sykes (1992) @ 2 fE%H Ms original
& Ms corrected |2, CENT7.DAT 2SI N TWVWS. Ms
original |X msc /Y Ms 3 & Uf mdo 7 ABE1~ABE3 & AN1,
AN2 O5F—4%+tw k, Ms corrected |Z msc 2% Ms 35 XN
mdo N P&S OF—4 1t v N TH5. =T, Msoriginal
Z MSs(ABE) , Ms corrected %2 Ms(P&S) & L T,
CENT7.DAT 72 5 [6] —#i72 @ Ms (ABE) & Ms (P&S) 2 HL D
HU TR LU, mWFD#E Ms(P&S)-Ms(ABE) D[4
HEEARNTITAZKI(a),b)ICRT. K@) DLHIT,

Sykes (1992) 1%, Perez and Scholz (1984) & [F#kiz, {H5E S % Pacheco and Sykes (1992) & Ms (ABE) I2xfL T,
(3) ™ CeNT7.CAT 1900-1980 N=d26 (b)**] ' ot '
agl CENTEGAT] 10001250 INTA2 g™, CENT7.CAT 1900-1980 |
044 II!-IZI: MN=428
w 03 140}
m
E,. 024 & 5 120}
E 5
? 01+ 5 = 1001
9 g
g 0 - ———— L [0
E-ITH—-IM'# M-
=03 40}
=13 - Nk
0s T T e L ey - O— 55 04 03 02 01 0 01 02 03 04 05
1900 1910 1920 1930 194D 1850 1960 1970 198D Pl 2
Time (year) Ms(P&S) -Ms(ABE)
{C} E-CEN?? CAT A N T il {d}pm - - —p . T -
4 1900-1980 N=608
| jaal CENTT7.CAT 1900-1980
8a | 2 M=608
E a6 - 140
=y ‘ = 4
o 04 - I8 .z
- S i L JassTo I g
=]
a [ I 2 .- . v T — ;
‘ﬁ L o o - e - L m
Ol ) m—— - pe—— o —
B hiiluke % G| S
=-02 P P ————— -
v- - an
04
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-a48
1900 1910 1820 1930 1840 1950 1960 1970 g0 08 06 04 02 O 02 D04 06 Ob
Time (year} Mwi{P&S) -Ms{ABE)
X9  Ms(P&S) & Ms(ABE) D#IZDWT, (a) BEHIZ L, (b)) A NT T L, KU Mw(P&S) & Ms(ABE)
DEITDNT, (o) FFIZ(L, () BEXA NI T4, FHEAZ 42 iR,
Fig. 9 (a) Distribution of Ms (P&S)-Ms(ABE) as a function of time and (b) histogram of Ms (P&S)-Ms(ABE).

(¢) Distribution of Mw (P&S)-Ms(ABE) as a function of time and (d) histogram of Mw (P&S)-Ms(ABE).

See section 4.2 in the text for details.
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1900 4E~1914 4E13 -0.1, 1915 FE~1948 £E13 -0.2 DFHIE
% L C, Ms corrected=Ms(P&S) & L7=. 1949 4£~1980
FEDOHIEIL 0.0 TH5S.

Z D Ms corrected & Q) M HE XN B 2) D M,
KO LR DOWET —YHEDFHEIZXLD M, O 2 fE¥H
MOMEINE Mw 3725 Mw(P&S) %, CENT7.DAT
DOF—Ftwy NS EODH L, Ms(ABE) & g U 7z k5 1
K9 (c), (d)I1zR7. X9 () D Mw(P&S)-Ms(ABE) D
28 121Z, B9 (a) O Ms(P&S)-Ms(ABE) OEFREZ L
IR LT, RBAICRRZ LT A HE S 20 ETITiE
SOKHIBNRALNDS. ZDO55, Mw(P&S)-Ms(ABE)

MM T REMICHEEN D 0.2 OFPHICHE T T B HIET,

EFd2) D Ms corrected & B) B My & 512 Mw NOHE
WBETECZmREUEOEZDTHAD. —H, T6DEN
KE/2 Mw(P&S)-Ms(ABE) 13, Eid D) 1ITL2 Myins Mw
ANEBIN-METHS. K 9(d) O Mw(P&S)-Ms(ABE)
Dkt A K% 3 AlZ, Engdahl and Villasefior (2002) O
FIGURE 1 @ Mw-Ms(ABE) Dt 2 k75 LTIFIE KRS
5. 513 Mw & Ms(ABE) O —E(EIZ RERWE L
TWwa., L2 UKRBKICE, Mw(P&S)-Ms (ABE) I,
9(c) DEIITITBEDE, MORKMITELL TS,
5B, ®9)iciE, 426 D Ms(P&S)-Ms(ABE) D S
5, WO —ElMhoAN2HMENTHEHED SN D.
JLDOHZ OIS &, CENTT.DAT @ Ms(ABE) & ABE
(1981) @ Table A-I1 O Ms 1%, 215 7TICDNWT—%T

%73, Pacheco and Sykes (1992) @ Ms original SR/ 5.

Z#d, Pacheco and Sykes (1992) D25 7 D Ms
original ¥ ABE (1981) LIZL D SCHRIC L B2y, F72IERRFEIC
KB EEZLNS. £, K9 (a) T 1943 4£~1951 4E
NTTTF = PENZ LiIcgkD<. 2RO TIE,
Z O IR, Pacheco and Sykes (1992) ® h 4 O~ 2%
Ms (P&S)=Ms corrected /8 H 531573, CENT7.DAT iZ1%
Ms(P&S) IR 5720y (B AU, K2 DO 3 BD 1943 4
OHEDOFT—Ft v b)), £ZZOHRMO icat 1213 & A
EMGER THD. ZDIZEMS, 1943 F£~1951 £ H
i icat /A G&R Tdh D HiE D Ms (P&S) DF— 4t v Mg,
5N T CENTZ.DAT 5 RELTWDHEEZ DS
no.

LI F, Pacheco and Sykes (1992) D h&¥ O 7 D> b6, Ms
MHWD SN My (L72h> T Mw) 1F, 1900~1976 4
D My D 68%7% 55, FD Msid Ms original > 7.0 D #fi
BERAERNPEMVIC—EELHKEL THIEL & M
corrected TH5D. FDFEE, Mw(P&S) & 0D Ms(ABE)
= Ms original @ BE{RIZ, B9 (¢) DK D ITRHFAYITIFIA
Ed%. Mw (My) & Ms DBIRIE, WiEES)/ST A —%
DB W EER OEWNITED, YR WHEHIZES
DL, FElz, MsRE DD ET 20 it o Rk O
e & Ms OREREE L BRERIIKEFET S, Lo
T, B 9(c) ® Mw(P&S)-Ms(ABE) O K[ Z5 (LAY, Ms
corrected 2D < Mw(P&S) D4 ZERT DN, E/=
V& R SR B 7R M B T A YR BB — T DA E YRR D
NLTE TR WG B D Ms original (2695 Mw (P&S) D281k %

RITOM, ZNSOTF—FNE —FAHK TS Z &1
HLL, ISHICMANLETHS.

5. dan BB O EE ERIIZIZONT
AT D & 512, Pacheco and Sykes (1992) 1%, Pérez and
Scholz (1984) 175D &, H#HESAYHIE OIEENEIIREHIMIC
—EEREL T, TOHF T D Ms ZRHIMIEL T My
[ZHB L 7= . Pérez and Scholz (1984) 25 &, DK
HIFE D FE RIS OMATHIF 80 FHT—ETH D,
£ 72 1960 AR ) O fH LA 4 i ER I WWSSN 12 &
LBNBHIRLIE D H 2 M LLEOHEFE A RN 80 F [ %
RETDHERELRZ. ZHITKD, Abe (1981) DA~ 0O
7D Ms >7 O FARER D HEE RN Ms O KEF
MDD EL THEZRBL, #RMWICREBEEZOHEE N
EWMICIFE —E &R MERERNE SN,

ZAIZK L Ogata and Abe (1991) 1%, Abe hy¥ O »
(Abe, 1981, 1984; Abe and Noguchi, 1983a, 1983b) (D 1897 4
~1980 FEDMFD Ms > 7, HEI< 70km OHIFE, BLO
FHEAL O (FE, 1982) O 1885 4E~1980 £ D H A
ERAD Mj>6, HEE<60km OHIEEIZDNT, KRR
W o BRWMABOREE R L. Abe h& 07 &K
TR &m0 T s MRS, R LR
TRMZBENY — MBI, hWO2KONF—2EH
Bixb., EEmERROREREFEAYOTICK
SHAREDD Mj>6 ORBELIL, £-o&<FEDNS
O THHIZbnrnbod, EMNELIZEWITEIZ/X
Hy—ElbH. INH5DOZEE, TNTNOHIBICEA
BRENMNHEERS THO, WA Or O NBHNERICXK
2HbDTRHRNWIEEZRLTVS. WEROHENS S, it
SHAY I RIS B O E IR R iE R S #R R L, ERMEBOE
HE, U ZF o — RERSMOREE & SiEHIEO
MEDH S M2 EINTWS (Mogi, 1974, 1979; Kanamori,
1977).

Ogata and Abe (1991) 13X 512, Abe h& O &
NE AT DRERFND 7 2 INT ANy T IBREHRNT NS,
WAy Or &6 EMEORRZ 7 —)L THCOHBMEZ FF
L, RBEEHOMEE OZLIIHEE B O KK FE TH
a5 Z &, HANMEOMEREERDOELAHTR D H
BREROENICEFERERTIZILEZRLE. 20D
KO MEIREB ORI 7 27 7 )V, KK EEOH
HZ, R RHIAHERIE S O, TRICEELRFN
MO &S, FZOXD BT, L — MEBICK
DI CR & LT, HEREE O BUR M E O Y RUE R
(Anderson, 2002) Z KL TWS D TIZ/ZWIEA D D).

L7275 T, Pérez and Scholz (1984) & Pacheco and
Sykes (1992) @, {5yl 52T Bh B D & BT A — & P DK
EEZTNICE DT ZF 2 — ROFMIEIZD LA ANBT,
AREEOEESEZ SN D, FlZIE, K 4(a) D Mag
>7.0 M 100 ER O RAFEEE (F2H1) 1L, AT ORI E
ZhEL 7= Mag 282659, 2{KIZ 1950 FH % 5
I S0 ERMICHMREEIR P A on s, KR#IE
DN Ms(ABE) 123D < Mag> 7.0 © BIEE R TIZ,

-
—
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DBEDOEFELTIZS SICHFICEND. RSO M
BIEHOERVICE D ZOL I REMEEICOVWTIE,
FRED & D 7 M I B & HER 4 4R D 28 Bl O HERE fR B O
BHENSISIHLMEHITNEHETH .

Engdahl and Villasefior (2002) 1, @t H&v¥ o7z
HOL Mag O—§5 L =2 RS RNIme THAiL I iz
HEDTHDHIE, WY OTIZELDLZITZF a2 —ROEND
JRIRADFEL WIS OREREOHEEZEA S H D
ThodEL TS, ERMEORAEMBMNS AT 100 4
OF—FERBYETE WD, Dok SBEE N OY
DR, BESICEONT, XVE#AEYT =ZFa1—R
NOWET 2T 2 ENH D, ZHNICL D, HERE
DOEMRAB OEARNEY, ©5 XORE, FIHE, ik
HIAHBE, HEMEENXOBERSHE, MRIhssE
Ab6N5.

6. &

MHEOAY O &fHE, HE L7k Engdahl and
Villasefior (2002) @ 1900~1999 4ED EHAEH ¥ O 713, &
HRTF—IR=—ANSGROEETH 2N, hyOa7ON
RERFMIIONWTIERMRD TSN TR, K
THENZ 7= 07 O, HESFIIUTFDOX
QJITEEHHEND.

(1) CENT.CAT & CENT7.CAT O£ {RAYEH : 1900~
1999 FOMBBENIC L 2#E LY QT Z2HEE, oLk
Engdahl and Villasefior (2002) OHEN YOI DF—%
AN — Z CENT.CAT (Mag > 55 O&#E) B XLV
CENT7.CAT (Mag> TN IZRD, HHMEORENT ZF 21—

et

R (preferred magnitude) Mag, Z O fE%E (msc), H#L
(mdo) BIUEBFRRTEHEDHEMR (cat) OFEMIZF N7z,

B HFE D Mag |3 6 FEEE O msc 2 5 BB B 7R IEAL THEWR
NTWs. Mag DfEE msc 13, E— A2 YV ZF 21—
R MwhdH > & B2 <, CENT.CAT @ 51%, CENT7.CAT
D 59%% 5 5. Mag @ it mdo 13, CENT.CAT |3/\—
JN— K CMT 51 # &% HRV % 46%, CENT7.CAT | Pacheco
and Sykes (1992) OHh&¥ 1O P&S N 37%TH 3 (¥ 2,
2).

(2) CENT.CAT & CENT7.CAT Q1 D RFfIZk &
msc & mdo DM RE : CENT.CAT O 11,911 {6l Tdh
%. 1900 4E~1963 1% Mag > 6.5, 1964 4:~1999 4F |3 Mag
>5.5 OMIENNGR SN, | FHOMBHRDOEEL, 1964
FELIZIE 1963 FELIFT D 7 5 Th 2 (K 3, 4). msc
& mdo DRERL L DEERIZ L 5, 1964 4 ~1975 E D 1
hiiZ ISC & NEIC O 73 4 0 7 FIfTIZ K % 5 B Sk ~
FoFa—RmbEEREEST ZF 12— KEMsOHETH
5. 1976 fFELIED KREEIZ HRV IC KD Mw TH 5. —
5, Mag>7 Wk L 7257 —4% N—Z CENTT.CAT (B&
OARSLH D Mag>T OHIED) 2 ~) OMEEIT 1,553 i (F
¥ 155 fE/4E) T (K6), Mw 2T 59%% 9,
FDSH 1976 FFELIFEIE Mw (HRV), 1975 ELART DK%
#1013 Pacheco and Sykes (1992) ® 1 ¥ 10 7 12 & %
Mw((P&S)TH 5.

¥ 735 200943 H

(3) CENT.CAT & CENT7.CAT O Mag 4O X5 #i &
msc & mdo OKERY : CENT.CAT (Mag >5.5) @ Mag D
FEBC0 A D 6 E Mag 5.8 C, Mag > 5.8 0% < 1%
MwHRV)TH2 (K 5. EESMIESIV0EDDH
N 72N Mag 6.8 ICENS. D mse & mdo DRI
fth D Mag ORERL & PR - THRAR D, 60%7 UK (Unkown
magnitude), mdo @ 38%7% G&R (Gutenberg and Richter,
1954), 21%7% PAS (CIT, Pasadena) O TH S (F£3).
Mag > 7.2 TiZ P&S @ Mag 7% 51%, HRV @ Mag 73 23%
5% %. —F, CENTT.CAT (Mag > 7.0) O ST
Mag7.112H 0 Mag7.0 X0 HEENZ WL (K 7). mdo Bl
DRERL Tl Mag > 7.2 TP&S OEIGME L, Mag > 7.2
D S51%% DD, £z Mag1.4 DERITZDOHIHED Mag
DEFIZIENTHIN > TH78<, P&S O Mag 7.4 DERK
MWD EMKRERERTHS (F3).

(4) CENT.CAT ® Mag>17.0 DHigE% & CENT7.CAT O
HEEE DHHE : CENT.CAT @ Mag > 7.0 O HiE#1Z 1,609
Td %A, CENTT.CAT OHiERIZ 1,553 @ TH 5.
DFENL, CENTT.CAT fERRD7=%, Ms & AL TH
ED mdo O Mag & DIRAEZERD Ms ITHREL KR,
Ms7.0 123§ 72752 WEFE D mdo D Mag > 7.0 D HIENFR )N
NizHEEZLND. ZNH61E, msc D<) UK D
Mag7.0 £ 7.1 OHESSHTH S (F4). Inzhnrz
1,553 {l&#l A%, Engdahl and Villasefior (2002) O 4 12 5, X
NTNDB1900-1999 4ED Y 7 = F 2 — R>7T OHIFED X
Ths.

(5) Pacheco and Sykes (1992) dh & /% & HEET)
OEMWEEYE, KBEN 7 Z 2 %)% CENTT.CAT ®
Mag @ 59%% 58 % Mw D55, Z D 62%3 Pacheco and
Sykes (1992) OMHBEE—A > b AHYOTICE DL Mw T,
1975 ARG D Mw DR & H©H 5. T O 1975 4 LLH]
OHBE— AT~ My D 68%l%, FEEYY/ —_F21—RK
Ms & My OEHNRBAN S MBEINE My ThHD. &
51050 Ms 13, HRABHEBRERSHIELNNIC—ETDH
5EDREDFRIC, WEBICHITEZGLZ Ms TH 5.
L, L, Ogata and Abe (1991) MEE D Hh & O 7 O
M5 R U 72 B 8 o BRI 2 7 — )L T o 5 MR
EEM&EEMEN S, Pacheco and Sykes (1992) o [ ffi
ExEfLE Ms )DOHE L7z My &, ZNICED<SEHED
07D MwP&S)MEZ Y TH DS, HEiv FBE
DRMDND D, TOBRITNESNFAERE E%
ZWL T, KDEHEEDOE W Mag D F O IWZEHL T
WS ZENEHETHS.
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U 7= H 8 B O 584l e O FHENCES 9 2858 ) (F2E{RE
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<N ORERKHE HBEEEOBREER BERMERA
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HROHEH &7 (1900~19994F) &</ =F 12— RORIEE -1

BEEZBEZ TWEEETIREWE W, et s
FRDRBIEREREICIIAERBRIERZWEE W, M

FHOMERIA Y MIEBRRBEBICER TH o7z, WESR
BREEFROFTLAITOL L2 T HEWEZWE, 22T
FRLTEHOZEZELEXT.
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WEREENC L B R OME S ¥ 05 &#H S L7 Engdahl & Villasefior (2002) @ 1900~1999 £ D H4E A 4 O
TV, WBEOMARSHFEORBT — Y ELTEETH DA, TOHMEILTLHASNTWRN, KiHXLT
%, BEAY O OLMBEDFT —F X—Z CENT.CAT X7/ =F 21— R 7L EDF—4% N—2Z CENT7.CAT |Z
HOE, FTHEOHHI IO TN BRINZEMBORBY Y ZF 12— K Mag i DOWT, ZOFME (msc)
A & L (mdo) B D RERLBE 5 & FH 7=, KIZ CENT7.CAT I35 < Mag>7 OB A Y O D 59.4%% 59 %
E—AKIITZFa—RMwONEZFNZ. 2K, BEAY QT ORENHSMNIRD, LFOX
SR ERNBFT6ND. H—IT, HMEZOREZ{L® mse Bl & mdo B ORERLELIE, 1964 4 LLFT O KE 5 KA
13, MRMIZZED msc & mdo DRERERNS KD Mag 13 ICAREETHD. Mag OFERH A D mse Bl &
mdo B DKL IIL, Mag iITREL TE LSBT 5. K2 Mag 6.8 1 3EEMEL L, MDD Mag \ZEE N TH:
Bk Tdr 5. £/~ CENT.CAT O Mag>7 & CENT7.CAT ® Mag>7 OHEDOEIIE/L U Mag 5 O R
CHEWNASND. T3UL CENT.CAT /5 Mag>7 DX 07 &ERT %8BT, HE D mdo ® Mag>17.0
D HIEE 55 fE# PRI S 21 CENTT.CAT & Mag>7T OMBE N Y DT IZEENRNVWEDTH 2D, H T, Mag>T7 D
FIXZ T D MwIZDWNWT, 1976 4ELLFTIE Pacheco and Sykes (1992) DHIEE—A > M Ay O IcHD< Mw T
B2, TD%<IE, Mag>T REOHBRERIENWICI -ETHLIEDRED FIT, RHE~XT ZF 21—
R Ms ICHFIBY 7 milE 2L CTHE L /- Mw THS. 2O Mw i, Ogataand Abe (1991) 2B 50T L /- igE
EHORMM T S 7 7k ERIMKELEZEET 2, HUYDARHENS LEEZFEDOAREEND 2. KREIC
K% 1900~1999 FOHFENSI DT DI OL D558 HWEMAL, hyYOTZEHE BEHTHEMATZ LR THEHE
ThHb.
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