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ABSTRACT

The CMT (Centroid Moment Tensor) inversion analysis of earthquakes whose Mj (JMA magnitude) is greater
than 5 around Japan using the broadband seismographs of the JMA (Japan Meteorological Agency) network
has being managed since 1994. The processing technique is based on the methods developed by Dziewonski
et al. (1981) and Kawakatsu (1989). In analyzing large earthquakes (the moment magnitude Mw is mostly
greater than 7.5), inversion of the focal mechanism solution sometimes occurs because of inverted fitting
of the waveform data. To avoid this, we introduced a technique, to give an initial value of the centroid
time shift based on the scaling law.

Comparing the CMT data of the JMA with that of Harvard University between 1994 and 2000, it was shown
that the average difference of Mw is 0.01, and the similarity of the nodal plane solutions is high. For
shallow inland earthquakes of less than Mj 5.5, it was shown that Mw is systematically smaller than Mj.
For offshore interplate earthquakes of less than Mj 6, it was shown that Mw is larger than Mj:; and on
the contrary, for earthquakes of Mj 6 or higher, it was shown that Mw is smaller thanMj. For deep earthquakes
of less than Mj 6, it was shown that Mw is larger than Mj. Investigating the CMT catalogue, we can say
that a significant non-double couple component is obtained for deep earthquakes whose depth is deeper
than 100km. This tendency is consistent with the result obtained by Kuge and kawakatsu (1993). In almost
half of the cases in this study, the difference of position between the hypocenter and the centroid is

larger than the linear dimension of the aftershock region estimated by the empirical formula (Utsu, 1961) .
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Fig.1 Station map of JMA STS-2 seismographs
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Fig.2 Velocity response curve of STS-2 seismograph
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T-axis: Mo=2.28 pig= 8.3 azi= 1795
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e=-0.09 Variance Reduction=552%
isitude longdude deph tme
22.036( 0.003) 125.498( 0.002) 38.304( 0.176) 17 348( 0.008)

Fig.3 An example of CMT analysis to the Mj 7.5
earthquake near Ishigakijima, 4 May 1998.
a) CMT mechanism solution
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Fig.3 An example of CMT analysis to the Mj 7.5
earthquake near Ishigakijima, 4 May 1998.

b) Comparison of observed and calculated waveforms
at 4 stations (YONA,KUNK,SUZY,NKAT). The
horizontal axes on the top and bottom show the
time (sec) from the origin time. The solid curves are
observed waveforms and the dashed curves are
calculated waveforms.

FE— FOBEHRNKEEAEBIZ, 10664 7LD
Hh B M5 (Gilbert and Dziewonski , 1975) %1%
FLTRD SN/ Buland and Gilbert (1976) Di&HR
ERWE. B OME TIIHREERIRNDT, £
AZPTFOVUINOMAERTOMIT 0 22

(M, +M,+M, =0) WS HEEHEEMATHSH
EELEMS L. N—/N\—RKEIZL 2 ONT fRIZE
#1100 BELED< > MVEREBE &R 100 #2205 50
BoERAMEAEEZAVTVS. R4ZBABIOH
BEMRETD I ENS, RAMEREZ T
KLUz EAEYMANE Buland and Gilbert (1976) T
SREINTVWL—BEEBRIO 46 BITRE L. KA
BT STS-2 DB TEAT AR 100 L, ETHBIAD
5T &L, [RTOBBIRMNLT U SAHB B R



SRR E S B RRIEIC K D CM TR

BIZEL TWAERTRABVNEDIZERHO /1 X4
KREVWHENH DI EEEEBLTI0BITREL .

BT EICREREMNS 10 HFOF—% &2 AW,

BHRRGFORRICE > TREETEHILdHoZ. H
ARVAFEBCEZSHBE2MRELEBS, 102
RO O I ERERUCRERZ EHE D
MREENS. TORDOPROBRAOREETHRE
BHEERET DI ENAEETHS. Fig. 31 1998 £ 5
A 408K NICHESIETREELHEBGRET
FoFa—KM7.6) 2@ LE#RERT. BEEK
W (EfH) SEREE ) OKzERZ &, B
WTHAADOThM0IZ/RS (AREERwEIRWN) 7
AN —ENFTWBOTHBOMEBEZRFETE RN
ZENnbnb.

% 100 BETORAMZHWERNT -5 DA%
B WA TR B OB RN R < 8B S HR
BEARETDEVWIBHENEZS. It o
A REERIOTNABEEOEBAGOES LD KB
R, A 2N—T 3 > TRED RIS/ MIEIZIN
HLUTLESEDICRAETS. 1L TLEROAE
B TREEAMEEZMY LT3, 2 hOA RLE

CEBERELTA >N—Ya s EfTo iR %E Fig

41RT. BELEEY O RO T EBREIC,
4 N—Y 3 ik &k Bk E®EE (variance
reduction) Z{EICRT. TOMBOE—AL IS
ZFa—FK GUFM) Z7.5ThHdn5, EDAT

811 Ll
CIMLIL il
¥
\7

-30 20 -10 0 10 20 30 40
Centroid time shift (sec)

0

[

8

Variance reduction (%)
F w
o o

o
o

60
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to each centroid time shift (t) for the same
earthquake as in Fig.3.

Each focal mechanism and Mw value is shown on
the corresponding to the T value. Although the
optimal solution is obtained at t = 15 sec, the local
minimum variance reduction is found at t = -15
sec, revealing an inverted mechanism solution.
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Fig.5 Distribution of the centroid time shift
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to the bottom scale of seismic moment(10'*Nm).
The solid curve shows the formula(5) in the text
and the dotted curves reveal the 15 second shift
below and above the solid curve.
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FIg.10 Distribution of Mw — M; against M;.
(shallow inland earthquakes)
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FIg.11 Distribution of My — M; against M;.
(offshore interplate earthquakes)
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Fig.12 Distribution of Mw — M; against M;j. (deep

earthquakes)
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FIg.13 Distribution of non-double couple component
against M.
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Fig, 14 Distribution of non —double couple component
in each depth range.
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Fig.15 Spatial distances between centroid locations
and hypocenters.

a) Epicentral distance

b) Depth difference
The solid lines in the figures represent the
empirical relation between a length of aftershock
zone (L) and magnitude(M) log L = 0.5M - 1.8
(Utsu,1961). Open circles indicate the shallow
inland events.

BORZVWHBTIE, BREBOEZIHEORZIHK
BV, BREY FOA ROTHAKRELS LD &
Zzrions.

Fig. 1513, 1994~2000 DG ERIT D ONT fRASHh £
DTWAHBIZDONT, BFEEtE> bOog RoThz
KELEDOTNERIDTHOZFNFNITOVWTRL
ZbDTH5. KELEOTHNIIDONWTIE, M ATKE
<BBETHOEREHREL RBEAMMRSNS.
—7, BEOTHIZIDOWTIIMA5~6 DH/-0TLE
BRAEAT 5S0km B2 CEITBICAR S TWA LD IR A S.



[T IRFRRBEFMIZ LD CM THRAT

HHIZERTRLTH DL, EBOKZIDHEK
ELT, MBOYT ZFa1—REKBHOEENLE
B L OBMBERTEBEX logl = 0.5, - 1.8
(Utsy, 1961) TH 2. B &t > oA EREhENIE
LWRIBIZREZINTWSA5IE, 20Thokzxx
EWEOREILDKRELAB I LI, Fig. 15 %
Ro&, FROEBRANSHEINIHEOAZE &
DHBREBITNERTHBLERD DI ENNS. K
SEHRDOTIUCE L TR 2K DK 60% OME, TS 4
FHZDWTIR2EDK 39% DHBENERROMLD
HBITNDOHNKELZ>TNS. LAaL, Utsu (1961)
DRITFHWARRTH O, Utsu(1961) THEA I NS
BELYTZF 21— ROBKRERTT—4 %, Fig.15
ERBEDESDENALNS. LEM>T, 2 F
O1 ROMELEBEOTNFROERANSTHT
WBFNZDNTSH, L2 bOA RARSEAMEICHR
FoTWEEVNIZ EFRNnEEZS.

Fig. 15 T, NEOHRVWHBIZDOWTIZEITRL
7o. NEEDQEKRVWHETIE, —RMOICBREOSHT 54
FAREZRNWEIAIIELENTNE I ENS, HEHREH
BIRELB L, KEHFMITLR TR FHOWE
DRESNEITBIIBDEEZSNTVS AL,
EUF, 1990). Fig. 15 THEEE L hOA ROEED
TNSWEAr —IVOEBRZRE<BADLIAD
DFR SN, EERIT 23 B EETF AN, K
SEALFOTIUCEL T3 42% OHE, TS H\ITD
WTIER2EDK 8% DHBNERRNOMELD BTHo
HMRELIZ>TVWS. BITRLELHBEOBEICH
NT, 2FMICRSARMOTNIKELFROTHID
NS L BBHERNHBICE SN S,

5 &8

[IRFTTIE, 1994 5 dikitE R HRABOL
WEMEE 2oz ONT BT 2RO -, B,
Dziewonski et al. (1981), Kawakatsu (1989)izZXk 3
THEEREARIZILTVSY, KEBAHE (BLEMT5
LAE) DFFT OBTE Z 2 R BB O R 2B <=0,
A= TR EDnWit s b O RERIRIRE
EHADLFHEEBAL.

1994 ££~2000 FEDZRITD CMT fEMT DR R, Hyk
R R OLH St B 2> T, HEEDD
W5 ELEDHED CNT fEZEIEICIRETED Z &A%

molz. INSD M R/ ehiz W& M DRERIT
PIBEDRNWHIETIE, MM 5.5 XDKEVWEIATM
MERLANTNESERIZH . BHRHNOMHBETIIN
MO RWMDEZATM NKEL, 6 UL TIZEDOHIZ
BOoTHWD FREBTIIL, L6 RBDEZA TN A8
KRELRBERNBSD. NT BOEYTIVH Y TIVER
ST DWTIE, Kuge and Kawakatsu (1993) D#E R & F
FRIC 100kn K D ENHIBTHERARIES TNV H v TIVER
REGAIEHBEN S DRREMEIRI NS, £, HE
DEBEELE PO ROMBZEETSEE, REHOD
FHHERES ZRTERANS FHEINLTHED
HBRELTNDFNLEOEKRSI S VR LENDH, R
HENEENARTH DI L2EZE®IT D E, KERM
BidanwEEBbhns.

6 HE

FREICBWTHWE ONT BRHTE%IL, Kawakatsu
(198 IZHEDTNTWV B, (NT OEHTERIT, BROH
BTARHBEORBREIRE>TIHFbhTEAE. £,
2HADEZEICEDIBERIZ, FBOWBICKE BT
o7, ZZITRLUTEMTS.

X @k

Bl ER B AE (1991): B O W ER, A IR 58
&, 92-108. A

NIBs #3(1990) : RE KL HED ONT AR, iR 2, 43,
447-450.

JIBs B9 : DK & X & Lkt — MNonent
tensor inversion ZH.L&EL T — , HiE 2, 44,
Special Issue, 265-277.

AKBET (1999) : RBEHEH T — ¥ 2 AW - hEOE
BN A —HBRE S AT L, 54 EEHETH
BREBES ORI T L, 79-82.

P Lo (1989) : HADHBKIE /N T A—F - N> KT
v, BEHERS, 82-92.

RAHEZ (1990) : HAEF BB K UZ 0 Bilikicie =
LERREMBORT _Fa—REHMBET— A hOBK
R, HE2, 43, 257-265.

BEE - RRKE - PHE—BF(1987) B PRI/ DD
AAEEMEOE—A > b5V )V EIRRE | ¥iE
B, HE 2, 40, 365-375.

Bl — - AHEE - BEE - BO%K - BARE



BEINFEE6EE1~45

(1996) :Freesia Project IZ & B L s BB, B
KEERMA TPt S, 57, 23-3L.

T — - GHBEE - D. S. Dreger - I ER (1998) :
FoA VIRHBHBET S RV EEB]AN
ZXLPE, HE2, 51, 149-156.

WEE - BN - GHHE - KHETA(1999) (CMT 2
& BRI O M /2 HEHRE & £ DFER DRV,
HEE 2, 52, 395-405.

HFHEEA994) :E— A2 FFVUINBRIZDONWT, HE
KL H#EfE, No. 70, 21-30.

Aki, K. and P. G. Richards(1980):
seismology: Theory and Methods, W. H. Freeman,
San Francisco, 337-382.

Buland, R. and J. F. Gilbert (1976): The theoretical

basis for the rapid and accurate computation of

Quantitative

normal mode eigen frequencies and eigen functions,

unpublished research news, University of
California, San Diego.
and J.H. Woodhouse (1981)

Determination of earthquake source parameters

Dziewonski, A.M.

from waveform data for studies of global and

regional seismicity, J. Geophys. Res., 86,
2825-1852.

Dziewonski, A. M. , T.-A. Chou and J. H. Woodhouse
(1983) :Studies of the seismic source using

normal-mode theory, Earthquakes: Observation,

theory and interpretation, North-Holland,
45-137.
Ekstrém, G., (1993) :Rapid earthquake analysis at

Harvard, IRIS Newsletter, XII, 4-6.

Fukushima, T., D. Suetsugu, I. Nakanishi and I.
Yamada (1989) :Moment tensor inversion for near
earthquakes using long-period digital seismograms,
J. Phys. Earth, 37, 1-29.

Furumoto, M., and I. Nakanishi(1983):Source times
and scaling relations of large earthquakes, J.
Geophys. Res., 88, 2191-2198.

Gilbert, F., and A M (1975) :An

application of normal mode theory to the retrieval

Dziewonski

of structural parameters and source mechanisms
from seismic spectra, Philos. R. Soc.
London, Ser. A, 278, 187-269.

Trans.

Kanamori, H., and J. W. Given (1981) :Use of long-
period surface waves for rapid determination of
earthquake-source parameters, Phys. Earth Planet.
Inter., 27, 8-3l.

A. (1999) :Attenuation

displacement amplitude for magnitude calculation,

Katsumata, function of
Pap. Meteor. Geophys., 50, 1- 14.

Kawakatsu, H. (1989): Centroid single force inversion
of seismic waves generated by Landslides, J.
Geophys. Res., 94, 12363-12374.

Kawakatsu, H. (1995) : Automated
inversion, Geophys. Res. Lett., 22, 2569-2572.

Kikuchi, M.
complex body waves—-I11, Bull. Seism. Soc. Am., 81,
2335-2350.

Kuge, K. and H. Kawakatsu (1993): Significance of

near-realtime  CMT

and H. Kanamori (1991):Inversion of

non-double couple components of deep and

intermediate-depth earthquakes: implications
from moment tensor inversions of long-period
seismic waves, Phys. Earth Planet. Inter., 75,
243-266.

Sipkin, S.(1994):Rapid determination of global
moment—tensor solutions, Geophys. Res. Lett., 21,
1667-1670.

Utsu, T. (1961):A statistical
occurrence of aftershocks, Geophys. Mag., 30,

522-605.

study on the

—_— 12__



[UEIT IR BB AMIC L 5 CM TR

Table 1—-1
No. Year Mon. Day Hour Min Sec Lat Lon Dep Time Mo. Mw VR NDC Mj  Type Area
11994 9 7 1 4 NB4 131146 22 -22 393E+16 50 405 0.05 53 1 SOUTHERN MIYAZAKI PREF
2 1994 9 13 13 28 3 28941 130.223 40 70 182%&+18 61 328 -008 59 2  NEAR AMAMI~OSHIMA ISLAND
31994 $ 16 15 20 18 22803 119070 10 104 1.69E+19 68 423 -0.04 65 TAIWAN REGION
4 1994 9 23 1 31 54 3097 142236 2% 05 110E+17 53 51 0.09 55 2 EOFF FUKUSHIMA PREF
5199 10 16 14 10 T 45197 149.093 106 69 141EH18 67 643 -02 67 3 SEOFF ETOROFU
619% 10 19 21 59 20 33704 136915 an 09 281EH16 49 415 -017 51 3 SE OFF KIl PENINSULA
71984 12 1 4 16 55 30878 1371672 477 28 1.00E+17 53 416 -026 54 3 SHIKOKUBASN
81934 12 22 14 56 59 34701 135794 37 0.0 6.06E+16 51 266 0.1 §1 3 KYOTO OSAKA BORDER REG
91994 12 28 21 19 20 39858 143664 14 403 73%+20 78 17 005 76 2 FAREOFF SANRKU
10 1995 1 1 15 589 55 40463  143.793 10 115 285%+18 62 213 -0.00 6.3 2 FARE OFF SANRKU
11 1995 1 7 T 31 31 40364 142379 45 68 327EH19 69 409 0.1 72 2 NE OFF IWATE PREF
12 199§ 1 10 3 0 18 3BSN 14145 35 06 9.20E+17 59 235 ~008 61 2 FARE OFF IBARAKI PREF
13 1995 1 5 46 51 34543  135.050 16 118 3.09E+19 63 37 000 73 1 AWAJISHIMA ISLAND REGION
14 1995 4 T 12 49 M 3912 139316 17 19 3506417 56 368 0.06 55 1  NENIGATA PREF
15 1995 4 18 8 28 6 45750  151.029 15 48 B95E+19 72 480 -0.02 T 2 KURILE ISLANDS REGION
16 1995 4 9 13 0 43765 148.385 Pz} 105 757418 72 437 0 65 2 EOFF HOKKADO
17 1995 s 23 1 1 28 43974 4113 32 -30 620EH17 58 237 015 57 1 KAMIKAWA-SORACHI REGION
18 1995 7 8 6 15 15 34021 137.283 345 104 101EH8 59 657 008 57 3  SE OFF K PENINSULA
19 1995 T 3 U 0 35763  140.599 45 80 130417 53 396 -017 51 2 SOUTHERN BARAKI PREF
201985 10 6 21 43 40 34148 138107 9 00 290EH17 56 366 ~0.09 58 2  NEAR NIJMA ISLAND
21195 10 18 19 37 23 2797 130.286 4 196 1.J3E+20 13 267 0.03 68 2 NEAR AMAMI-OSHIMA ISLAND
2195 10 19 11 4 33 28104 130554 16 143 307EH9 69 362 0 66 2 NEAR AMAMI-OSHIMA ISLAND
2319 12 1 0 9 23 43940 145939 138 -18 14E+18 60 529 -003 58 3  NEAR KUNASHIRI ISLAND
241995 12 3 2 13 13 43636 149344 10 216 108E+19 66 387 003 67 2 SEOFF ETOROFU
%1995 12 4 3 1 4 44342 149498 10 310 15%+20 14 417 004 72 2 SEOFF ETOROFU
26195 12 30 21 M 4 4074 143742 10 61 362%+18 63 426 -007 63 2 FARE OFF SANRKU
27 19% 1 3 6§ 14 56 36144 135470 n 10 68%+16 52 R 007 49 3 NW OFF KINKI DISTRICT
28 199 2 1 16 18 § 44434 146553 an 68 278E+18 62 725 0.2 6.1 3 NEAR KUNASHR! ISLAND
29 19% 2 7 10 33 16 35913 136620 10 28 583EH6 51 223 -002 52 1 FUKUIGIFU BORDER REGION
30 199% 2 8 6 36 43 45196 150025 10 155 845419 72 506 005 6.7 -2  KURLLE ISLANDS REGION
31 19%6 2 B 6 26 54 29200 140400 140 00 220E417 55 204 007 58 3 NEAR TORISHMA S
32 19%6 2 1" 0 22 58 37301 142569 5 63 1I0E+19 66 306 017 68 2 EOFF FUKUSHIMA PREF
33 1996 3 6 23 35 28 35473 138951 2 00 280EH)7 56 252 005 54 1 EASTERN YAMANASHI PREF
34 1996 3 17 4 S5 28940 139.399 84 19 1046419 66 534 008 65 3 W OFF OGASAWARA
35 19% 4 2 20 1 51 29657 129480 22 1.7 290EH17 56 412 008 51 3  NEAR TOKARA ISLANDS
36 1996 4 23 13 8 2 38183 41515 §7 62 200E+17 55 197 0.09 §1 2 SOUTHERN IWATE PREF
37 1996 § 2 W 45 n N3AU 13m a 0.0 B878E+16 52 262 -002 51 2 HYUGANADA REGON
38 1996 § 8 8 2 1 42864 147612 46 19 198EH18 61 162 0.02 6 2 EOFF HOKKAIDO
39 19%6 § 23 18 3 29 38397 142330 38 3.0 3.08E+16 49 21 007 § 2 EOFF MIYAGI PREF
40 19% 6 2 18 31 41 21928 128504 2 47 A80EH7 &7 28 005 55 2  NEAR OKINAWAJMA ISLAND
41 1996 6§ 26 12 2 4 21608 140318 495 -08 3NEH8 63 548 007 6 3 W OFF OGASAWARA
42 19% 7 7 6 36 30 22085 143592 an -03 3.0EH8 63 8 013 0 IWOJIMA ISLANDS REGION
43 199 8 N 3 12 17 38993 140.650 10 66 125E+18 60 415 009 59 1 SOUTHERN AKITA PREF
44 199 8 N 3 54 12 38941  140.662 10 36 1BOEH1T 54 374 004 54 1 NORTHERN MIYAG PREF
45 1996 8 N 8 10 46 38708  140.697 10 40 4S50EH17 57 A5 -0N §7 1 NORTHERN MIYAGI PREF
46 1986 8§ B3 N B 2 38701 140579 10 03 4MEH16 51 386 -0.00 52 1 NORTHERN YAMAGATA PREF
47 1998 9 5 3 15 57 31656  140.030 10 126 420417 57 259 025 62 2 NEAR TORISHIMA IS
48 1996 9 6 8 4 T 2010 120945 2 ~4.] SBTEHIS 1.1 48 0 66 TAIWAN REGION
49 1996 9 1N 1 37 W 3BTB% 141238 35 121 267E+18 62 158 005 64 2  NEAR CHOSH CITY
501996 10 18 19 50 24 30363 131134 26 70 T99EH18 65 355 -002 62 2 NEAR TANEGASHMA ISLAND
511906 10 19 23 44 41 31430 132017 5 417 B2IEH8 65 257 008 69 2 HYUGANADA REGION
5219% 1N 7 5 1 1 27993 143691 10 92 105E+19 66 464 01 67 2  NEAR CHICHUMA ISLAND
5319 1 20 11 27 47 4198 141313 30 32 18%E+H18 61 417 036 61 2 FAR SE OFF BOSO PEN
541896 11 28 16 40 42 34858 140322 I 51 210E417 55 203 017 54 2 SEOFF BOSO PENINSULA
§5 1996 12 3 7 17 58 31943 131502 10 114  106E+19 66 288 -009 67 2 HYUGANADA REGION
66 1996 12 21 10 28 47 36008  139.838 4“ 39 160E+17 54 166 009 55 2  SWIBARAKIPREF
571986 12 22 23 §3 29 4 138217 47 61 JO00EH8 65 677 ~004 63 3  NW OFF SHAKOTAN PEN
58 1997 18 0 53 13 28924  129.865 10 80 148E+18 60 362 -0.07 6 2 NEAR AMAMI-OSHIMA ISLAND
59 1997 2 2 16 55 0 41547 142815 4 15 1.0%EH18 60 193 013 57 2 S OFF URAKAWA
60 1997 2 8 40 24 43456  145.390 45 93 22EH18 62 318 012 59 2 SEOFF ETOROFU
61 1997 3 % 17 N 47 396 130335 10 100 204E+18 61 328 004 64 1 NWKAGOSHMA PREF
62 1987 4 3 4 33 23 395  130.296 2 86 240E+17 55 213 015 56 1 NWKAGOSHMA PREF
63 1997 § 13 4 3B 27 32020 130.296 16 15 2IEH8 62 AT 015 62 1 NWKAGOSHMA PREF
64 1997 5 4 2 S0 38 34525 137492 10 55 370E417 56 437 008 S8 2 ENSYUNADA
65 1997 6 25 18 S0 12 34404 131662 10 84 B2E+17 59 131 032 66 1 YAMAGUCHI PREF
66 1997 8 13 13 45 4 25030 125829 43 94 197EH8 61 353 0.8 6 2 NEAR MIYAKOJMA ISLAND
67 1997 9 8 8 40 3B 35498  140.001 60 1.3 BS56E+1I6 52 3’008 §1 3  CENTRAL CHIBA PREF
68 1997 10 9 6 20 57 41715 145373 10 34 T206H17 S8 116 0 58 2 SEOFF TOKACH
69 1997 10 22 18 55 49 4441 146448 142 124 250417 55 483 0.13 56 3 NEAR KUNASHIR ISLAND
701987 10 27 4 6 44 39469 140593 130 28 1206117 53 29 002 51 3  SOUTHERN AKITA PREF
711997 1N 15 16 5 17 4415 145103 198 -60 2.)8E+18 62 384 0.03 6 3 NEMURO REGION
721997 11 23 12 50 59 40003 13881 15 6.0 3.70E+Y7 58 217 003 58 W OFF AKITA PREF
73 1998 1 N 0 50 17 41366 142126 55 135 220E417 55 187 ~004 53 2 EOFF AOMORI PREF
74 1998 2 710 18 1 24808 142,089 541 10 50%+18 64 513 0.07 64 3 IWOJIMA ISLANDS REGION
75 1998 3 1 2 38 4B 33456 138.3714 296 22  440E417 57 315  -021 54 3  FARS OFF TOKAIDISTRICT

Table 1 CMT Solutions determined by JMA broadband seismic observation network (Sep.1994~

Dec.2000)

Each line contains origin time (Year, Mon, Day, Hour, Min., Sec) , location of centroid (Lat., Lon., Dep.),
centroid time shift (Time), total moment release (Mo [Nm]), moment magnitude (Mw), variance reduction
(VR), non-double-couple component (NDC), JMA magnitude (Mj), and earthquake type (1: shallow inland
earthquakes; 2: offshore interplate earthquakes; 3: deep earthquakes ).
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Table 1—2
No. Year Mon. Day Hour Min Sec Lat Lon Dep Time Mo. Mw VR NDC Mj  Type Area
76 1998 3 23 8 3 9 36205 141218 44 B1 1.50E+17 54 357 -005 54 2  EOFF IBARAKI PREF
77 1998 4 9 17 45 39 36925  141.039 69 48 200E417 55 217 0.13 54 2 EOFF FUKUSHIMA PREF
78 1998 4 2 20 32 48 35302 136594 Al 59 1I0E+H17 53 313 0.13 55 1 SHIGA GIFU BORDER REGION
79 1998 4 30 8 32 31 3085 142163 n 133 290E+17 56 273 -013 6 NEAR TORISHIMA 1S
80 1998 5 I n 9 S 34850 138193 10 76 330EH17 56 262 0.02 59 1 EOFF IZU PENINSULA
81 1998 5 4 8 30 18 2203 125498 39 173 2.3%E+20 75 506  -0.08 76 2 FARSOFF ISHIGAKUIMA
82 1998 5 14 19 53 42 40029 143513 12 25 6.00E+17 58 232 0.03 53 2 FARE OFF SANRIKU
83 1998 5§ 15 3 56 21 40338 143491 10 30 1.03E+18 58 368 0 59 2 FARE OFF SANRIKU
84 1998 5 16 3 4 5 34847  140.006 81 18 215416 48 327 018 48 2 SOUTHERN BOSO PENINSULA
85 1998 5 3 3 18 10 38983  143.828 10 120 131EH8 60 387 -007 64 2 FARE OFF SANRKU
86 1998 6 1 10 21 10 39060 143.3713 10 15 T703EHE 52 303 0.06 52 2 FARE OFF SANRIKU
87 1998 6 1 1 35 S0 34039  136.196 M -05 3.J0E+17 56 408 -0.18 57 3 SOUTHERN MIE PREF
88 1998 7 1 2 22 47 36568  137.9%0 10 48 35%+16 50 297 -0.08 43 1 NORTHERN NAGANO PREF
89 1998 7 T3 R 3 32763 140402 3 29 5.)4E+16 5.1 216 022 48 3 EOFF HACHIJOJMA ISLAND
90 1998 T 3 N B 3 303%  138.804 435 05 436E+16 50 228 -005 52 3  NEAR TORISHIMA IS
91 1998 8 12 1% B 3 3260 137610 10 6.3 442416 50 25 -0 5 1 HIDA MOUNTAINS REGION
92 1998 8 16 23 5 19 31311 141.826 40 1001 6.J4E+16 52 205 -0.01 5.3 E OFF FUKUSHIMA PREF
93 1998 8 16 I N 8 36317 137.605 10 45 200EH+17 55 203 -0.03 56 2  HIDA MOUNTAINS REGION
94 1998 8 20 15 40 54 28971  139.896 445 126  463E+19 70 647 007 7 3 WOFF OGASAWARA
95 1998 9 3 16 58 17 39753  140.907 10 -09 940EH17 59 392 -022 62 1  NORTHERN IWATE PREF
96 1998 g9 15 16 A 2 38470 140776 19 7.2 629416 51 241 0.03 52 1 SOUTHERN MIYAGI PREF
97 1998 10 3 2 15 41 28094 127.842 235 0.2 155E+18 61 399 0.1 87 3 NWOFF AMAMI-OSHIMA IS
98 1998 10 M4 5 4 12 39972 143578 10 40 2206417 55 417 0 56 2 FAREOFF SANRKU
99 1998 10 27 20 33 34 33799 141978 15 144 630EH17 58 36 002 61 2 EOFF HACHIOJMA ISLAND
100 1998 11 20 0 39 19 22425  126.067 20 45 419E+18 63 479 0.37 63 2 FARSOFF ISHIGAKUIMA
101 1998 12 14 13 30 54 30942  138.087 508 -1.8 200EH17 55 264 -016 54 3 NEARTORISHMAIS
102 1998 12 16 9 18 45 31470 131598 % 50 6208417 57 232 -008 56 2  SEOFF OSUMIPEN
103 1998 12 17 21 49 3B 35814 141430 10 -09 5266416 51 212 0.04 § 2 FARE OFF IBARAKI PREF
104 1999 1 g 12 5 3B 44481 147407 152 14 360E+17 56 394 024 54 E OFF HOKKAIDO
105 1999 11’1 28 21030 140490 464 40 750E+17 58 284 012 59 3 W OFF OGASAWARA
106 1999 T 18§ 20 4 52 28086  139.522 578 1.0 150E+17 54 338 =01 57 3 WOFF OGASAWARA
107 1999 1 7 2 14 38561 14393 10 3.7 G650EH17 58 404 0 57 2 FARE OFF MIYAGI PREF
108 1999 1T 4 4 17 17 33630 13862 275 0.1 6.18+16 51 251 002 49 3 NEARNIJIMA ISLAND
109 1999 1 s 6 30523 131284 26 68 SH4EHIB 64 3’ 023 6.6 2 NEAR TANEGASHIMA ISLAND
110 1999 2 1 1 51 50 37.102 141504 47 127 LIEH17 53 164 ~0.17 52 E OFF FUKUSHIMA PREF
111 1999 2 26 W 1B 16 39273 139.797 18 54 LIEHT7 53 242 0.4 §3 1 WOFF AKITA PREF
112 1999 3 2 16 12 18 35533 142084 10 76 680E+17 58 358 -007 63 2 FAREOFF KANTO
113 1999 3 7 10 3 42 42848 145983 3 0.0 524E+16 51 176 0.16 5 OFF NEMURO PENINSULA
114 1998 3 2 55 41 41088  143.209 10 44 6I0EH1T 58 306 0.01 §8 2 EOFF AOMORI PREF
115 1999 3 5 1§ 23 20547 128368 10 9.7 350E+17 56 287 0.09 6.1 NW OFF AMAMI-OSHIMA 1S
116 1993 3 28 1 % 3 33979 139.072 3 35 1.00EH17T 53 267 -02 52 NEAR NIMA ISLAND
117 1999 4 8 2 10 33 43257 130867 610 124 ATSEHS 7Y 63} 0.19 71 3 NEAR VLADIVOSTOK
118 1999 4 5 2 2 36234 140627 50 44 1LI0EH1T 53 223 0.13 §2 2 NORTHERN IBARAK! PREF
119 1999 4 29 16 4 7 28877 12 14 73 990E+17 58 255 0.06 55 2 NEAR AMAMI-OSHIMA ISLAND
120 1999 5 10 16 9 28 371310 142.048 37 1.0 186E+16 48 232 -008 46 2 E OFF FUKUSHIMA PREF
121 1999 5§ 13 2 59 23 43049  143.906 73 50 203E+18 6.1 U7 018 63 3 KUSHROREGION
122 1999 6 6 13 46 41 32447 142052 10 7.2 BS5%E+H16 52 206 0.05 54 2 FAREOFF IZU ISLANDS
123 1999 6 12 T 4 23 31318 142036 70 04 178E+16 48 209 008 483 2 EOFF FUKUSHIMA PREF
124 1998~ 6 15 16 47 34 42826  146.207 32 94 110EH117 53 78 -0.N 52 2 OFF NEMURO PENINSULA
125 1999 7 3 W 30 13 26264 141013 441 -33 13348 60 339 -017 61 3  WOFF OGASAWARA
126 1998 7T 2 9 53 24 21.003 142227 75 51 3.00E+17 56 335 0 51 2 NEARCHICHUIMA ISLAND
127 1998 T 26 11 45 48 40763  141.899 98 -0.6 15TEH16 4T 247 012 46 2 E OFF AOMORI PREF
128 1998 7 21 4 30 19 39598 145050 22 -23 853E+16 52 294 -025 5 2 FARE OFF NORTH HONSHU
129 1998 8 16 16 29 0 32251 138175 407 52 7.80E+16 52 285 013 49 NEAR TORISHIMA IS
130 1998 8 2 § 33 10 34050 135483 64 7.0 360EHIT 56 214 014 55 2 CENTRAL WAKAYAMA PREF
131 1999 8§ 232 15 1 26 41563 143.735 34 6.9 6.23E+16 51 307 0.03 § 2 SE OFF ERIMOMISAKI
132 1998 9 20 18 32 43 45356 153533 10 47 250417 55 227 0.09 5.2 FAR SE OFF KURILE ISL
133 1998 9 2 41 28 2364 121045 10 115  34%+20 7.6 40 005 1.7 TAIWAN REGION
134 1999 9 8 38 39 43638  148.232 47 161  7.5E416 52 202 0.09 5.1 SE OFF ETOROFU
135 1999 10 3 6 8 40 40036 143.210 10 34 330EHT 56 U5 0.01 51 2 FAREOFF SANRIKU
136 1999 10 5 9 38 40 37037 142448 59 19 45816 S0 4 006 51 2 EOFF FUKUSHIMA PREF
137 1999 W0 21 12 34 1T 23697 122464 47 5.2 140E+17 54 237 0.15 5 NW OFF ISHIGAKIJIMA IS
138 1998 10 22 § 51§ 23502 122489 25 5.1  130E+17 54 177 -004 52 NW OFF ISHIGAKLIIMA IS
136 1998 10 22 12 10 17 23337 120554 25 117 440EH17 57 282 0 53 TAIWAN REGION
140 1999 10 24 13 21 3B 44.282  149.260 10 184 11EH8 60 223 006 59 2 SEOFF ETOROFU
141 1999 10 25 16 29 51 32408 14253 10 144 580EH17 58 236 -0.07 57 2 FARE OFFIZU ISLANDS
1421999 11 15 10 M 35 3806 142446 kL) 6.3 3S0EH17 56 343 -0.01 56 2 E OFF MIYAGI PREF
143 1998 12 6 70 N 29884 139217 418 0.2 360E+17 56 214 -004 57 3 NEAR TORISHIMA IS
T4 1998 12 31 22 9 11 31204 134844 412 14 300417 56 374 0.15 53 3 SEAOF JAPAN
145 2000 P23 16 4 2 30204 131.006 10 46 150EH17 54 229 005 54 2 NEAR TANEGASHIMA ISLAND
146 2000 1T 28 23 2 8 42556  146.869 43 163 208E+19 68 285 -0.09 7 2 OFF NEMURO PENINSULA
147 2000 2 1 nun 5 6 42750 132126 576 43 1.18H8 6.0 25 0 53 3 NEAR VLADIVOSTOK
148 2000 I 28 2 0 20 21998  143.981 151 21 278420 16 328 0.23 7.7 3 IWOJIMA ISLANDS REGION
148 2000 4 10 6 30 38 36050 140.03) 62 27 15316 47 280 005 47 2 SWIBARAKIPREF
150 2000 4 21 2 6 17 35736 135758 315 =09 1.70E+17 54 4. 0 54 3 EPART OF WAKASA BAY
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Table 1—-3

No. Year Mon. Day Hour Min Sec Lat Lon Dep  Time Mo. Mw VR  NDC Mj ype Area

151 2000 4 26 0 28 13 40078 143437 10 08 5.21E416 51 214 0.01 5 2 FARE OFF SANRIKU

152 2000 4 26 21 S5 3 4018 143400 10 30 150E+17 54 239 005 53 2 FARE OFF SANRIKU

153 2000 4 30 2 39 48 40462 143920 10 68 150E+17 54 20 -007 53 2 FARE OFF SANRKKU

154 2000 5 2 5 45 10 40724 143513 10 00 591E416 51 225 006 49 2 FARE OFF SANRKU

155 2000 S 2 6 5 36 40179 143.564 10 02 280E+16 49 27.8 003 48 2 FARE OFF SANRIKU

156 2000 § 14 13 1 19 27504  140.238 495 -44 100E417 53 207 006 56 3 W OFF OGASAWARA

157 2000 S 23 23 44 59 26854 125700 276 -50 LI0EH17 53 158 -0.03 5 3 NW OFF OKINAWAJIMA IS
158 2000 5 24 19 23 59 41253 142692 49 05 236E+16 48 211 007 46 2 £ OFF AOMORI PREF

159 2000 6 3 17 54 47 35463  140.704 33 122 18%+18 61 224 -0.1 61 2 NEARCHOSHICITY

160 2000 6 4 20 39 59 37873 141596 61 0.3 808E+15 45 189 0.11 46 2 SEOFF MIYAGI PREF

161 2000 6§ 6 23 S 129223 131472 34 96 534E+18 64 356 002 61 2  NEAR AMAMI-OSHIMA ISLAND
162 2000 6 7 6 16 43  36.851 135.572 10 100 1.086+18 60 363 -0.09 6.2 NW OFF HOKURIKU DISTRICT
163 2000 6 10 7 35 13 30421 138.163 515 -1 480EH1T 57 543 -013 59 3 NEAR TORISHIMA IS

164 2000 6 10 8 31 42 30377 138.195 499 47 247418 62 566 0.34 6.2 3 NEAR TORISHIMA IS

165 2000 6 14 23 1N S5 46616 153.113 ki 16 300EH17 56 429 -0.08 56 2 KURKE ISLANDS REGION
166 2000 6 15 20 10 48 29328 131977 14 84 J65E+18 63 482 005 58 2 NPHILIPPINE BASIN

167 2000 6 25 15 34 45 31085 131635 10 N0 11EH8 60 237 -0.08 6 2 SEOFF OSUMIPEN

168 2000 6 28 18 25 47 34230 139377 10 64 OTIEH6 53 281 -0J2 52 2 NEAR MIYAKEJMA ISLAND
169 2000 6 29 12 N 52 34435  139.157 " 98 1I0E+17 53 206 004 53 2 NEAR MIIMA ISLAND

170 2000 6 29 13 2 38 34978 139.369 10 70 260E417 55 221 ~0.17 55 2 NEAR MIYAKEJMA ISLAND
171 2000 6 28 13 53 21 34250 139356 10 100 9.02E+16 52 237 -0.09 52 2 NEAR MIYAKEJMA ISLAND
172 2000 6 29 15 3 23 34320 139352 10 63 JI0EHT? 56 214 0.21 S.7 2 NEAR MIYAKEJMA ISLAND
173 2000 T 1 18 1 56 34202 139.232 10 68 265E+18 62 303 -0.01 65 2 NEAR NILIMA ISLAND

174 2000 7 3 § 3 36 3464 13%.361 10 68 420eH17 57 369 0.13 56 2 NEAR MIYAKEJMA ISLAND
175 2000 7 4 15 53 52 34325 139.328 10 9.7  LIEH17 54 364 0.26 57 2 NEAR MIYAKEJIMA ISLAND
176 2000 T 5§ 6 8 4 33982 1393717 10 13 346E+16 5.0 26 035 48 2 NEAR MIYAKEJIMA ISLAND
171 2000 786 1N 21 1 34203 139.302 10 56 BS6EHI6E 52 228 0 52 2 NEAR MIYAKEJMA ISLAND
178 2000 7 6 23 5 40 34002 139.253 10 19 B20E+16 52 289 -0.06 54 2 NEAR NIJMA ISLAND

179 2000 T 9 3 57 45 34191 138292 10 63 9.30E+17 598 26 -~0.05 61 2  NEAR NIJIMA ISLAND

180 2000 T 10 18 58 18 46347 145760 34 N3 450417 57 485 013 54 3 SOUTHERN SEA OF OKHOTSK
181 2000 T 12 4 5 43 34209 139292 10 48 551E+16 51 253 005 52 2 NEAR NIUIMA ISLAND

182 2000 7T 12 1N 3 34301 139.300 10 78 BBOEHI6 52 282 03 52 2 NEAR NIAMA ISLAND

183 2000 T 13 4 0B 3 34218 139.266 10 63 1206417 53 253 -006 54 2  NEAR NIJMA ISLAND

184 2000 T 4 19 19 29 34188 139270 10 56 L70EH17 54 234 002 54 2 NEAR NIMA ISLAND

185 2000 T 15 3 8 3 341719 1393 10 56 1.B0E+17 54 21 012 54 2 NEAR MIYAKEJIMA ISLAND
186 2000 7T 15 10 30 32 34465  139.254 10 82 1.68+18 6.1 361 004 63 2 NEAR NIJMA ISLAND

187 2000 T2 2 18 25 38856  143.395 10 50 1206417 53 337 0 53 2 FARE OFF MYAGI PREF
188 2000 7 2 2 2 2 34180 13978 10 24 A0EH6 50 216 0.28 5.1 2 NEAR NilJMA ISLAND

189 2000 7 2 6 18 2 3420 139307 10 51 130E417 53 228 -004 53 2  NEAR MIYAKEJIMA ISLAND
190 2000 T 20 11 19 16 34158 139.260 10 67 549%H6 51 242  ~02 5 2 NEAR NIJMA ISLAND

191 2000 T 20 12 10 26 33954 139272 10 -13 TOEHE 52 214 -029 52 2 NEAR NIJMA ISLAND

192 2000 T2 3 3 18 36305 41N 42 45 9BOE+H7 59 23 009 64 2 EOFF BARAKIPREF

193 2000 7T 20 W 16 33 35378 141.281 19 1.7 4306417 57 331  -0.00 57 2 EOFF BOSO PENINSULA
194 2000 T 23 12 15 9 33914 139272 10 =13 130EH7 83 216 -024 53 2 NEAR NIUMA ISLAND

195 2000 T u 2 13 3 33962 138316 10 ~-37 T8%EH16 52 289 =02 52 2 NEAR NIJMA ISLAND

196 2000 T 2 6 26 48 34723 139335 16 63 250e+17 55 215 02 54 2 NEAR MIYAXEJIMA ISLAND
197 2000 T 6 52 46 34258 139.236 10 78 460EH17 57 21 0.9 56 2 NEAR NHJIMA ISLAND

188 2000 7T 24 17 4 16 34583 139231 10 84 63BEHIE 51 286 0.2 S 2 NEAR NIJMA ISLAND

199 2000 7T % 1B 3 56 33901  139.333 10 13 77SEH16 52 229 -002 53 2 NEAR MIYAKEJIMA ISLAND
200 2000 7 2% 3 36 46 33908 139370 10 00 875E+16 52 301 -0.27 51 2  NEAR MIYAKEJXMA ISLAND
201 2000 T 21 W0 49 53 34212 139.290 10 19 330EH17 56 25 -023 58 2 NEAR NIJMA ISLAND

202 2000 T M 12 52 34241 139318 16 77 310EH17 56 194 003 54 2 NEAR MIYAKEJMA ISLAND
203 2000 7 3 9 18 2 33834 138387 10 5.0 S500EH17 57 284 -0.24 6§ 2 NEAR MIYAKEJIMA ISLAND
204 2000 7 30 21 25 46 34064 139404 10 N5 748E+18 65 258 009 65 2 NEAR MIYAKEJMA ISLAND
205 2000 7T 30 21 48 57 33738 139407 12 23 ANEHT 57 262 012 58 2 NEAR MIYAKEJMA ISLAND
206 2000 7 31 13 37 5 39543 143802 15 75 180E+17 55 331 0 53 2 FARE OFF SANRKU

207 2000 8 2 19 23 47 33956 139325 10 02 1271EH6 52 219 015 52 2 NEAR MIYAKEJMA ISLAND
208 2000 8 3 6 42 271 34207 139.296 10 6.7 9.)8E+16 52 223 0N §2 2 NEAR NIJMA ISLAND

209 2000 8 3 21 13 13 3406 139.258 10 47 170EHIT 54 31 004 54 2 NEAR NIUMA ISLAND

210 2000 8 3 2 18 1 M4 139241 10 36 1208417 53 283 0. 53 2 NEAR NIIMA ISLAND

211 2000 8 6 16 21 4 28787 140017 422 65 1006420 73 605 006 72 3 W OFF OGASAWARA

212 2000 8 7 4 23 41 28838 13194 35 41 440EM7 57 286 -024 52 2 NEAR AMAMI-OSHIMA ISLAND
213 2000 8 18 10 52 22 34305 139.254 10 90 BI0EHT 58 357 -0.01 6.1 2  NEAR NIJMA ISLAND

214 2000 8 19 21 41 28 36217 141498 17 57 290E+17 56 387 0 55 2 FARE OFF IBARAKI PREF
215 2000 8 0 30 50 41900 142.545 25 35 458EH16 50 381 036 48 2 SOFF URAKAWA

216 2000 8 28 2 19 13 212 144535 ns =123 300EH)7 56 386 -0.15 61 3 IWOJMA ISLANDS REGION
217 2000 8 28 17 19 56 31786 142089 4 03 158E+16 47 317 -031 47 2  SE OFF MIYAGI PREF

218 2000 9 N T 49 47 34475 139231 10 29 130E+17 53 456 -0.04 54 2 NEAR NIJMA ISLAND

219 2000 10 2 16 29 40 29350 129.327 13 68 6.80E+17 58 261 008 52 2 NEAR TOKARA ISLANDS
220 2000 10 2 16 M4 8 29425 128374 16 86 S70E+17 59 238 008 58 2  NEAR TOKARA ISLANDS
221 2000 10 3 13 13 28 40008 143405 10 67 157E+18 6.1 334 0 6 2 FARE OFF SANRKU

222 2000 10 6 13 30 18 35152 133N 18 44 1L7EH9 68 31 -008 73 1 WESTERN TOTTORI PREF
223 2000 10 8 13 17 55 34977 133167 10 58 T21E416 52 255 on 56 1 WESTERN TOTTORI PREF
224 2000 0 1 7 41 3B 29856 138998 472 0.) 7.26E+16 52 504 ~-0.12 53 3 NEAR TORISHIMA IS

225 2000 W 9 3 3% 22 2292 124508 19 120 102&+18 59 26 0 63 2 NEARISHIGAKIIMA ISLAND
226 2000 1 4 0 57 22 42237 144938 2 49 191EH8 61 N9 -0.02 6 2 OFF NEMURO PENINSULA
27T 2000 1N 14 12 53 0 42381 144923 10 B3 270EH17 56 356 005 54 2 OFF NEMURO PENINSULA
228 2000 12 5 1 47 34 35445 141180 38 66 320e+17 56 352 -0.03 54 2 NEARCHOSHICITY

229 2000 12 22 19 13 2 45050  147.381 167 -36 259%F+18 62 318 006 61 3  NEAR ETOROFU ISLAND






