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Summary

This is a comprehensive report titled “Study on stress field and forecast of seismic activity in the
Kanto Region”, conducted from fiscal 1994 to 1998 by the Seismology and Volcanology Research
Department, MRI, as a special research project. This study consists of three subjects,
1) The objective evaluation and forecast of seismicity,
2) A database for seismic processes and crustal activities, and
3) Kinematic modeling for estimating crustal activities.

The results are summarized in the six chapters in this report.

Chapter 1 details a study on objectively evaluating and forecasting seismicity. We adopted a method
to evaluate seismicity objectively and quantitatively, applied it to the Kanto region, and succeeded in
detecting seismicity change before the earthquake off the east coast of Chiba prefecture in 1987
(M=6.7). We also found a periodic change of seismicity, of about 10 years, in south-west Ibaraki
prefecture, one of the most active regular seismicity areas in the Kanto region. This characteristic can
be considered valid for the long-term prediction of large earthquakes in this region because such a
periodic change in seismicity is considered to be related to the plate motion fluctuation. The other
important topic covers the characteristics of foreshocks, which has long been a key issue in earthquake
prediction. It is been well known that many earthquakes in the Izu region have been accompanied by
active foreshocks. By using the seismicity data in this region, we developed an empirical discrimination
method of the foreshocks, focusing on the spatial and temporal concentration of seismicity, and studied
the forecast of the main shock in a probabilistic manner. We then applied this method to the events
accompanied by active foreshocks in the Izu region, and clarified that in most cases except volcanic
origin events and swarms, foreshock activities showed quiescence just before the main events. We also
found that the temporal variation of foreshock frequency can be approximated by the inverse power law
of time, by stacking many foreshock activities.

Chapter 2 reports the results of strong ground motion observations in the Kanto region. Source
process effect, attenuation along the propagation path, and amplification near the site are decomposed
from the observed record by inversion, and some characteristics are studied. We also developed a tool
to determine the seismic moment and fault parameters of small earthquakes from the seismogram, and
enabled the estimation of those parameters for events with M, down to 3.4.

Chapter 3 presents the source processes of the 1894 Tokyo earthquake and the 1921 Ryugasaki
earthquake, which both caused significant damage to the Kanto region, estimated from old
seismograms surviving to date. In addition, the tectonic characteristics of those events are discussed
taking the plate structure and seismicity into account.

Chapter 4 explains the seismic data telemetry system via communication satellite. This system was
installed to collect seismié waveform data from all over Japan for the studies relevant to this project.
Chapter 4 also explains the database creation system. We developed a method to determine earthquake

mechanism solutions by using broadband seismograms collected by this system.



Chapter 5 discusses the recent crustal deformation of the Kanto region estimated from the strain,
GPS and tide gauge observation. We created a CD-ROM database of volume strain data in the Kanto
and Tokai regions with an original sampling rate, and developed a tool to extract a seismic waveform
and compare it with the synthetic waveform, enabling the in situ calibration of the strainmeter by using
the seismic responses. We also analyzed recent data of the Double Coaxial Strainmeter in Odawara, and
found that the precipitation effect can be considerably reduced by combining upper and lower data, and
that the lower data records the representative strain field of this area. We have been conducting
continuous GPS observations at tide gauge stations of JMA in the south Kanto region. Precise baseline
analysis revealed that the vertical change of the relative displacement can be detected within an
accuracy of a few millimeters by using monthly averaged results, and that the vertical crustal movement
deduced from tide gauge observation is consistent with GPS observation, both of which indicate a
relative movement between the south end of the Boso peninsula and Izu Oshima.

Chapter 6, the final chapter, covers a study on kinematic modeling for estimating crustal activities.
This chapter reports on a theoretical approach in forecasting crustal activities. We showed that the
Coulomb's failure function (CFF) value, which represents a stress change in a surrbunding area due to
an earthquake occurrence, is valid for predicting the focal area of the next earthquake invoked by a
preceding one. We proposed a new tectonic model of the south Kanto region based on the spatial
distribution of the earthquakes occurring in the crust in this region. We also created a prototype finite
element model of the very complicated underground plate structure of the south Kanto region. Using
this kinematic model, we studied the stress and strain field change by the subduction of the plate or the

occurrence of inter-plate earthquakes in a three-dimensionally heterogeneous medium.
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Figure 1.1 Map of the Kanto region, Central Japan. Epicenters are shown as black dots. The thick line shows the location of the EW
and NS trend, 35 km wide, cross-sections analyzed in Figures 1.3 and 1.4. A star marks the epicenter of the 1987 Chiba-toho-
oki earthquake (446.7), and circles mark aftershocks within a 30 day period.
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Figure 1.2 Magnitude of completeness (M) as a function of time for the NIED (top) and JMA (bottom) data.
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VIV TET, 94 Y FYACBIAEHEOE{LOIEL LT ZEY RO, FOREBEBKLTA (1) Wiemer and
Wyss, 1994) %518 T 5, ZMEIE 7 4 ¥ FYPICBIT 5 BAKES 2 ) ORMBRERR LNy 7 757 ¥ FOBAERE
B0 OWBERERR (X CHELETEICBIIS Y 4 ¥ FYSORMIEES 72 ) OBBRER) LoEOkE %
Wer—oDETHY, ROLHIEHRSIND,

Z= Ry - R)/(S1/m + S/ n)"* 1.1)

ZIT, S, S L mym T4 Y FYRNDR, ROFEL T— 7 BERT, FRL L THELNS IR OKFEE, F
5, W) O ZIEOS, AR B B BB OERMFMORE L 2 5,

AT RER KR E/D 120, EERTFEIBILHF Y IVENZEZELEZOT, ¥ 7Y v 7 SnEE0%
BERTFRIECELRDY, BHEICERGTS I L1C% 5, Zmap 3 BIRENY ¥ 7)) ¥ FIRIC BT 5 IEEIEE(L
DZEEWLERERLTVS, (1. ) ROBHRICLD, EOZHEBRIEEENET2EL, Zmap TRAFERDI Do 72ET
KHENTVD, BHSEHENLT =AY a V2ERTAILICEY, TXTOBEHOY Y 7Y v 7 JIdT 5
Zmapk RAZENTEL, HAHLNNVU LD ZEZFORTENOET ) 2 EBHEFZRH (alarm-cube) LA & 12T
% (Wiemer, 1996; Wyss and Wiemer, 1997; Wyss et al., 1999) &, F— ¥ 2&INEH 5 LNV FLOBFELIEHED

_4_
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ZALDT T, alarm-cube & LTHRNT S 2 L 2TXE 5,

FRAONITFT =5 I LROONI- ZEOEEMEZNET 272012, bdbLohsyursrbAkRr GUMEA S
A AFBADT =5y FEYYHLTERL, 207 =5ty b5 T VA LEET— 7 %2 b & 108K
ZEDOR A 2 KDIze 7T— 5 OB TORBEOALE BRI, BEMKZITEHEIBLLDD2 T > ¥ AICNE
BOHL, S52ONZHEMY 4 > By BIZIET, =154) 1T 2 LT4 () BEEEIE L7, 2 0k 4 F OB O
ST RBICELVI200[@#E 0 ET I LI10L ), SFZEHICTT 28R ZEOSH2BE I ENTEL, TRELS
100 DR L, BEREONLRAZME (Zuw 7217 % 1000MEED -0 255 2 LT, BEEHL LoD
BERD Zyu PTHRDON D, EEOT— 51t LTHONL ZEOFELER, ZOERINT Zo 6 & il
5 EIZEoTHET 5 Z Lo T & 5 (Wiemer, 1996; Wyss et al., 1996),

4) & B
a) 1987 4T R BT ih MR i 0 M AR TG B B 251 L

NIED (M=2.2) & IMA(M=2.5) DT FDOH & 0 7% HWT, KBOERZ & 4IE35 km ® NS & EW 03EM (Figure
LIZH) 28 OWHEICBWT, ZMEEZFIE L. IMADA Y O 7 3B THRRE LI IR I=Fa—FI 7 S
2TEBY, MET—DOTRIZT D EABNEEHEERMEELTCLE) D, MLV NSV =Fa—Fr T
—F TRE L7Z, 35 km DIRIZ 19T EDAKBOKEE &L & ) 1Tk 72, NIED & IMAD T — ¥ 12 & 5 KW ICH
1% RBIFES AL Figure 1.3 2 14D EBORIIRENT WS, HREFERENTWALDIZALHORESHTH S,
RBED O THENZAROBIEIL, 12IFES20-50 km DHEATH Y, KEDORIFDIE X IINIED TiE47 km,
JMA Ti3 58 km TH - 72,

Y, NIEDDTF—2I1IoWThbe, F— ¥ HIINSHE C39121H, EWHIE C2527H TH %, N5 DI
B BRESAE S L12, AEAL5FM (1986.46-1987.964F) IO BT 2 WEEEIE % N v 7 75 % > N (1979.5-1997.0

~50 -

-100

~50

z-value

-100

50 100 150 200 250 0 50 100 150 200 250
Distance in [km] Distance in [km}

Figure 1.3 (Top left) EW-trending cross-section through the hypocenter of the 1987 Chiba-toho-oki earthquake, marked by a star.
Hypocenters are taken from the NIED data (M= 2.2). The aftershocks of the 1987 mainshock within 30 days are plotted in red.
(Bottom left) Spatial distribution of parameter Z, computed for the EW-trending cross-section shown in the top left. The Z
value compares the seismicity rate in the period 1986.46-1987.96 with the rate in the background period (1981.0-1997.0, but
excluding the period 1986.46-1992.0). Positive Z values indicate a seismicity rate decrease in the 1.5 years before the 1987
mainshock compared to the background rate and are shown in red. The N=100 nearest earthquakes to each grid-node are
sampled. (Top right) NS-trending cross-section through the 1987 hypocenter. (Bottom right) Spatial distribution of parameter
7, computed for the NS trending cross-section shown in the top right.



[EHFFERTHAMHRE 4405 2000

~50 -
6
-100 4
0
2
0
-50 -2
z-value
~-100
50 100 150 200 250 0 50 100 150 200 250
Distance in [km] Distance in [km]

Figure 1.4 Same as Figure 1.3, but using the JMA data set (M= 2.5). (Top left) EW-trending cross-section through the hypocenter of
the 1987 Chiba-toho-oki earthquake. (Bottom left)Spatial distribution of the parameter Z, computed for the EW trending cross-
section shown in the top left. The Z value compares the seismicity rates in the period 1986.46-1987.96 with the rate in the
background period (1981.0-1997.0, but excluding the period 1986.46-1992.0). (Top right) NS-trending cross-section through the
1987 hypocenter. (Bottom right) Spatial distribution of parameter Z, computed for the NS-trending cross-section shown in the
top right.

4, 72721, 1986.46-1987.96 4F & 1987.96-1992.0E DA % B <) DIHEIEE & WK L 720 TN TORKTHITB W TEHE
WEIMEE RO LA, ZOHE, YT FVERIII2km & o7z, NSBXUEWOWTEIZB VT ZiHEE K
H72%b D% Figure L3O TERIIRT . WMETE L b, ZEDEWIHHT (RE) 3BFEOS20km LIZR 6, #hb3RE
A S HEW S D BEIRER DO PIME L TV b, ZOBRILEARDOR LS Z05E26FHN TS, ROHWZED
Z=6.1 I NSHHEICR 5N, EWKMEORAMEIZZ=52THh o7, BEHONOHEBTIE, ZMEIPL THERWEEZRL
TWh, —77, WIEOREN THAREEZOLOOMETIE, #50%DEBEQCEMNASR LN, BDZE (Z=-3.1)
L7 5T\, Figure 1.5 b BAFE RN R OoNGRT &, REOHIERIGSICBIT S LT4 () B L BEE
[ D RE AL OBET %2R0

RiZ, IMADT—% % R TH NIED D& L Ffk% 205 AR o5h s (Figure LAOTE), 2T, TL=154FL
N=100 {3 NIED DM CH W2 d D L [F UEERA L T b, 7— 7 I NS & EW I ©2 2 112018 & 136618
THY, DEVHBEORMENDECSLDS, ZOBEINIEDICER2FDIUTTHE, ZOKE, FHT 7V E
ZII16km ENIEDDOBHE L D KRE L 2o TWD, BOEBIED T o 723581 (Z = 4.3) I NSHH CAREDERD L
R 5N %, NIED7— 4% TR LN 15EH D 5 OXREBEDRFMA T TOFHEOWINE, IMAT—F TlHiE-& D
EIERLNZVA, THIRREEE COMBKID VD THS ), HHERTRENIZWL ODDOPFTIZBIT 5%
B R E DX % Figure 1.5 2R T,
b) 7 AR HRIEE)IC & 2R EEOKE

K2, ECkoLNRBLENIST A =% (T,= 15 N=100) 2F2 L XOFKOEEL Z=6.1) 7T ¥ ¥ 4
RHWEEHICL > TCEDRBREOEE THNL O ERNZ, FEORY Vg v T2 R~<72%, 9, NIED &
IMADNSHE D7 — % 225 100 DY > TV 2 (A 1200 BE O L, ZRZENUZDWTT,=151239 5 LT4 ()
Bz El L, 1200 07— DR TORARDZEEZ KDL, TOFATE 1000 H#E D RT 2 LIS LY Z,. D5H %15
HBIENTED, 29 LTHERENANIED &E IMAD T — 513 F 5 Zu DA 77 & % Figure 16108 T, 20
GHDE0/N— & > & 4 MIEIRTT OKTFIERE, R, W) O ZESFEZ KDL EOFHWIHF SN b RAZIER
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Figure 1.5 Cumulative number of earthquakes as a function of time for selected volumes. The thin line is the LTA(#) time series
computed for a window length 7, = 1.5 years using earthquakes with M= 2.2 for NIED and M= 2.5 for JMA, unless otherwise
specified. (A) Shallow part of the 1987 rupture area, declustered NIED data (see Figure 1.3 for location). The years 1988.0-
1992.0 are excluded from the graph. (B) Hypocenter area of the 1987 mainshock, declustered NIED data. The years 1988-1992
are excluded from the graph. (C) Shallow part of the 1987 rupture area, undeclustered NIED data. The solid line shows all
magnitudes; the dashed line, M= 2.0 only. (D) Hypocenter area, declustered JMA data. (E) Shallow part of the 1987 rupture
area, declustered JMA data (see Figure 1.4 for location). The years 1988-1992 are excluded from the graph. (F) Shallow part of
the 1987 rupture area, undeclustered JMA data.
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FLTWD, NIEDDF— F 13T 5 5078— £ ¥ F £ WV (Z,(50 %)) V& Zyee = 6.76 (Figure 1.52) TH Y, 953t ¥
AN Zpx 95 %) 12 Ze =859 TH B0 ZDL R LTI ARBMAEERSMOLTIER L, WOPDOELokE—7
o TVD (Zpw=62,75,94) ZHNIFLSEDEBIB CORBEI DL V-0, BBBONEREDELETH b,
Frbb, BEEETIEO, L, 2 HOBELAATYHY, TIHIELEZEOY -7 SR N, T0Y -7 1318
B LA B BISEIEDRZE G URR Y 2F0. IMADF—F Tld L DT —F BT L EHFREVLD,
Znax(50 %) = 8.08 & Z,x(95%) =99 %2 ), NIED & ) b BAREREZRT WTHROAFBTIILTY, INHD
fEITEBE OB B S N7z ZfE (NIED: Zue = 6.1, IMA: Z,,=4.3) LD I DR ) RELMELZRLTVWE, Th
X, ERICEN S NERE, TV ALBERE O HESNAHRICHS, BURRLBERLET ANV
LERL TS,

1987 SEDAER ICRBFUEE CBN A BHEOEMI OV TOFERIC OV TOHERKIL, TV AL2MERIEEZ b &
Rl % R A 7o TRBIRE OB O FHE b HERE OB RILOFMETE L &  ARICT R 5725, SEIERERITICBVT,
BRDOZETR R BADZEE KD, FO5H2BD5 I L TITHo NIEDDF— 12 X A#EH % Figure 1.6¢ 1R T,
ZDHA DB Z,,B0%) =51 TH Y, Tz, 55— ¥ A4 Vid Z,,60%) =-7.04Th o7 ThODMEITERE
B S N R T OWBE OBANIEY 5 ZME (2= 3.1) 1M, RN SVEIRE TV, 0T, &
DOEBFEOWMD, TV FALBBEBHOIOESLTOKX S, LHMT2 L, BRLBEZ LIS IRV,
¢) Alarm cube 4T |

Alarm cube f#HT 1L, FEOWIH I LT, ZME%RD723RTC OKFIHEE, BS, BH) OBFRICBWT, 50
EVMEZym B BR B ZEZFEOTRCOBRTHERBR LD DOTH S, o T, ZORPLIRE LIERELEP%
CEHFABEM LICHEELHERIEARONS TRCOBMEROBFHEROIFL I LB TEL, ITho BRI,
EBRZZZOBRKRBBIZREL T RWOT, Z2R) EH (false alarm) & IFIEN S, HE OB OVTH R % #
WIZTEETH 575, EOBHTLRLALIIC, MMCOVWTRBIZOREINEREZDDLRELT, £ Dialse
alarm #HE LA T EFHL DT, T I TIRFEN L Wiy, BELIC oW TURIRR7-EHF» 685 - &E{k
ENFNTA—=F EFL DO (N =1002>2 T, = 1.54F) % fiv: T Alarm cube f##7 % 17 > 72, Figure L.70 LB DI,
NSWE 2 BVT, NIED D7 — #1238 LTI Zugm= 6.1 D L X WET, IMADF— #1238 L TIE Zugm= 43D L X\
ETENENRD 7z alarm cube DEE R L TWwWb, EEOHMBOR KK Z alarm PDAC D, FIZIMADT— 7121
%< Dfalse alarmAE L TWB Z L0550 5, Alarm cube 2 & o THO SN TW A EEROARED, FAESHRE SN
WIS BT 2 ERZEEIOE T 2 EE % Zaw, DB E LTE LD D% Figure L7TOHFERIZ, 72, Zua DBEE L
TRENalarm Vv — 7D E TRIZR T, INHOP S, NIEDDF— ¥ 122w Tk Figure 1.7 DEF), £
WKARIMICHNISN2Z=601DELFA L2 FNUEOEZHEOBRLERTEEZRDaAarm 7 V-0 5, 75%
(3/4) Hfalse alarm TH Y, F7z, FNoHDLalarm AN E D ABZEEOAKE L, FAENRE L-2BEHOFBED1%
DD ENFh Tz, FERIC, IMAD T — %122 TiE (Figure 1.7 D4%5), 83% (5/6) H¥false alarm Th V), &
alarm D H O BEFEIF KD 10% Z 8 R 5, NIEDDF— 7281 % alarm D 5O B4EED, &EDO1% L VISR
fEiZ o/l vy 2 iR, B SNAHRAEPEABOTFUICENTHL I LERTLEZLANTCELD LAk,
LaL, COfER, N7 A—FORBIMICE > TABNICBELNIERTHLIL2EZEB L 2TREL LV, &,
FiRBE L LTORREEFFMT 2 — o 0OWETH 550 (1994) 0%, &I TRELINTE S W 8RB S
OHE 1205 =7y FOMER, 6007 —,37 X -5 WTEOME, KFHERE, RS, BE, N 7)) IGEHLT
AbE, FUVFACHELTTFEITAIGELIVDAMCTFUENS-DITIE, £alarm D 5O 5 EHEIEEED 0.005%
DF TR TREZLLWI LIS E, 60T, alarm cube DT 5 b, EEICEBIH SR -RBEOHBILES ST
TIE, PHEIFEE LTEAM TRV L8359 5,
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Figure 1.6 Histograms showing the distribution of the maximum and minimum Z values. (A) Z,,, distribution computed from the
NIED data using events within the NS-trending cross-section. The 50, 95, and 99 percentile are given in the figure. (B) Z,u
distribution computed from the JMA data using events within the NS trending cross-section. (C) Z,:, distribution computed

from the NIED data. The 50, 5, and 1 percentile are given in the figure.
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Figure 1.7 (Top) Alarm cube for the NIED data (left) and the JMA data (right). A circle marks all instances in space {distance versus

depth) and time when the Z value exceeds the threshold value of Z,/.,,=6.1 (NIED) and Z,urm=4.3 JMA). The Z values are

computed for a window length of 7, = 1.5 years and a sampling radius corresponding to N = 100 earthquakes. (Middle) The
1ati0 V! View Dlotted as a function of alarm threshold Z,» for the NIED data (left) and JMA data (right). (Bottom) Number

of alarm groups as a function of Zuarm.
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d) IMA % 11 712 1 5 ABRIETEEL

IMAD % 4 0 7 3 BROBBES DBEATIILCHWLENTBY, T4, T2 THARSNEETIEZ 19794 LIk,
MOLLEDOHWRITIIIZEFL2IIRMENT WS EEZ NS (Figure 1.288), L L, BT AT L0EEDL, b5
VEBRREEOWEICLD, 1989E AT 2F 2 —FDOV T M PRI o TWAEI L ERDIT, 72, THZ
&, HBHRE MR EZHACTHRBEH OB 2To/2L 312, NBNLZEBEOZ(LEELSEHLI L0
Dol HEUZOHEMEFELLLFANL 20T, NIED & IMAD A & 10712 & o TRed b7z ZEOFHE (Z-map)
% T A7z (Figure 1.8), Figure 1.8 DEFNIENIED DB ¥ 0 728 B M=29, HEE<45km DWEIZET { Z-map
ThY, AFIEIMADH ¥ 072k B M230, BESS0km OMRICET L Zmap TH b, 22T, 200K 0y
PODOWEDEFLDOEND, 2200750 7O<T=F 21— FERBNBORKN 2Z2AELBREZE LA
7eOTHb, ZIEIEZ2ODH I 0 71 LR LEFETROLNTEY, 7)) v 7 OBBERIIN =100, V1~
FoidT,=24EE LCLTA () BBZEIE L, 40085 (19864E, 19894, 19924E, 19954E) TAHZ-map /R L TV 5,
COMTRABZHYBRWATF—F2MHL, 72, T2 TIRISTENILUBDIERO T — ¥ ZEIBL TV RV,
CORPS, 200N 0 ICEEEREND L ENFD D, 2L ZE, IMAD A 7T 7 TIE19894E % & 19924
DEFIZB VT, 35.7°N & 140.2° Ef 2 b & § IR CHE 2 BRI E R T KELZRVEESENL TV 527,
NIED O3 2 B IFHBOETER SN2, ZORREZRNAL 720, 35.7 N & 140.2°E % ol & § 5 4% 20
km LN O MG # B LT L7z, BUD B L7277 — % % 1981.0-1989.0 FE D HAR & 1989.0-1996.0 4 D EA [ 12 43
7, TNEFNOHEORS THEELENAY = F o — FORBEHR (LFABLOTHR) &~ 7 =F 12— FOSF
B AR & VEBL L 72 (Figure 1.9)o IMA D7 — % (Figure 1.9 D7:51) Tid, 1989.0-1996.0 4 DR (23 2 54 03340 72 T
L TWBHZ k?bi‘?bﬁ‘%o Bi%, ZoOBETE, 7 =F2— F3%26-3.3 0B OMERDS, DaioREIc b
BLTBY, BIRF=F 22— FR2AUTOHBTEBML TR LI 0595, 2RI L, NIEDOT—% (5
FI) TRZ D Vo I fIEE bk, COZ X, IMADY & 17 ZBEORMEEN L LI b, <
FoFa—FY 7 PERLTLESRILERL TS, 6o T, ZOFEBTIMAN & 0 ZJICHNTEHE DK T,
BELL Y ZF o — FIREFEEDO NBHEIZE) R OHRKIZ L BbI b, Figure 1.8M Z-map & 1T % 12
H720, IMAF—Z 2oV TRM=30TREDZITo7/2720, HBEOHEICBIT 2 ASHNLHEROET LR/ TL
To0hDTHb, IMADF—F BT, MICHFABRABNLEBEDNLIGFEHEOEMALELZAON, /-,
NIEDDF— 2 12bdHABEREIN TS, LIL, I THRY LIF721987EORBEOFICHNIIEBIE OZALIC
DNTik, ANBIRERTH 728 ST RS 725 %0,

(5) ¥& &

1987 £ I T 1.5 + 054685 b RIFHRO B EBICHIET 2577 T, BREBOBRLHRS N7,
= DI LIE TMA (M=2.5) & NIED (M=22) Ofi DS ¥ U7 THRE Sz, LL, ZOBRLoAEL NV
TS A BIBATE RIS, JORMIKKMERILR Ny 279V FORBREIEORL ELRENICERREZF-
CTRATERNWIEERLTWS,

- ARBOBRRECOBEEHE AR O LSEMII/NN Yy 7 757 F (1981-1986.4 4F) DEBIEICH~50% LA ED
BML T, COERILOBE T A2EBHITRVERTCOSRRILOBE 2R & —H L TBY, WEELTORIH
BRI —TEFVEFE LRV, LML, TOBRCOAFELNVICET 2 B0ITHERS, RERICZOREREL
AR TELIEEEELREILL LTRETELZWVWIEERL TV 5,

SRR B AR EIEE L ST X B 720101, W LSS BU 2 B0 b X2 EET b & ZEH9.9
DB, »5Vid-7T.04DT Lo R ICHE LRI TR TR bR,
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Figure 1.8 Maps of the Kanto region showing the spatial distribution of parameter Z at four different times (1986, 1989, 1992, and
1995) for the NIED data with M= 2.9 and depth =< 45 km (left column) and JMA data with A= 3.0 and depth < 50 km (right
column). Z values are computed by comparing the seismicity rate for a 2-year period (e.g., 1986.0-1988.0) with the overall
seismicity rate (1981.0-1997.0, excluding the 2-year period). The N=100 nearest earthquakes to each grid-node are sampled,
and nodes are only colored when the sampling radii is less than 50 km.
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Figure 1.9 (Top) Cumulative number as a function of magnitude plots using the JMA (left column) and NIED (right column) catalogs
for the seismicity within a 20 km radius from 35.7° N and 140.2° E. Circles denote the data for 1981.0-1989.0 and crosses, 1989.0-
1996.0, each normalized by the length of the period. (Bottom) Number of events per magnitude bin for the same two periods.
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Figure 1.10 Map indicating the location of the Kinugawa cluster area (in the shaded zone).
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Figure 1.11 Epicenters of earthquakes with M= 4.5 and depth 40-70 km that occurred from 1950 through 1993 (left), and the

magnitude-time diagram of earthquakes in the Kinugawa cluster area (right). The map area corresponds to the shaded zone in
Figure 1.10.
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Figure 1.12 Diagram indicating the three-year moving average of the numbers of earthquakes with M= 4.5 that occurred in the
Kinugawa cluster area.
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Figure 1.13 Sinusoidal curve with a period of ten years superposed on the graph of the three-year moving average of earthquakes
with M=4.5.
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Figure 1.14 Epicenters of earthquakes with M= 4.3 and depth 40-70 km that occurred from 1950 through 1993 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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Figure 1.15 Sinusoidal curve with a period of ten years superposed on the graph of the three-year moving average of earthquakes
with M=4.3.
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Figure 1.16 Epicenters of earthqua{kes with M=4.0 and depth 40-70 km that occurred from 1950 through 1993 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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Figure 1.17 Epicenters of earthquakes with M= 4.5 and depth 0-70 km that occurred from 1926 through 1950 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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1977-1991, M>=3, Dep<=50km

(aftershocks are eliminated)
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Figure 1.18 Epicentral distribution of earthquakes in the Izu region observed by JMA from 1977 to 1991 with magnitude = 3.0 and

depth = 50km. Aftershocks are eliminated from the data. Circles indicate earthquakes treated as mainshocks in this study.
(Plotted by using the SEIS-PC program [Ishikawa ef al., 1985].)
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Figure 1.19 Cumulative number vs. magnitude plot for all earthquakes including aftershocks in the region shown in Figure 1.18 from
1976 to 1977. (Plotted by using the SEIS-PC program [Ishikawa et al., 1985].)
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Figure 1.20 Example of segmentation of the investigated region; segment size is 0.2° (latitude) x 0.2° (longitude). The segment
number is indicated at the center of each segment.
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Figure 1.21 Variation of alarm rate(chain line), truth rate(broken line) and probability gain(solid line) with the threshold number of
earthquakes(Nj) for foreshock candidates with mainshock magnitude M,, = 5, foreshock magnitude ;=3 and alarm period
T.~4 days. The three graphs correspond to different segment sizes. a) D=0.1°. b)D=0.2".¢) D=0.3".
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Figure 1.22 Similar to Figure 1.21, but for mainshocks with magnitude M, = 6.
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Figure 1.23 Variation of alarm rate (chain line), truth rate (broken line) and probability gain (solid line) with the alarm period (7,) for
M;2 3, No=10 and D=0.2" for mainshocks with different magnitude M,. a) M,, = 5. b) M, =6.
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Figure 1.24 Histogram of time between the first foreshock and the first mainshock (M, = 5) that occurred during the alarm period.
The class interval is 0.1 day.
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Figure 1.25 Probability density (thick line) and cumulative probability (dashed line) of the occurrence of mainshock as a function of
time after the first foreshock. These functions were obtained by fitting the Weibull function to the data shown in Figure 1.24
with the maximum likelihood method. Cumulative data is also shown by the thin line.
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B LBICEREEENTRE LEARTH D, 22T, KBOBBEM, =508 M,=60DFNFRIHT 5TF4H
K, BHE, HEFERFBLEERANIERE Table 121007 T, ZhiRaE, FARIIM, 25085 UM, =6008%
NZN68%, 71% & 47 1) &<, Yoshida (1990) 7*FEHIR TR L7 M, 250 DHBIC OV THALFHEE M T
T OT%) LN TH L, BPRIEIERICL - T, E7 0y 7 CHBBEHIPBENZEICH SN BREE T 5%
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Figure 1.26 Variation of alarm rate (chain line), truth rate (broken line) and probability gain (solid line) with Ny, for My= 4, T, =4 days
and D= 0.2" for mainshocks with different magnitude M,. a) M, =5. b) M, =6. Compare these figures with Figure 1.21 b) or
Figure 1.22 b) to see the effect of changing the value of My
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50T, P LIBULIBELRIETRA 2V, £2T, BRHZENTIE—RRICEABPRET S MHENH S L LT,
BHRERNTOTPYN R RKBRBERE RO, ZO#KETable 1.21ICAbN5 X512, 1H1I 70y 74 M,=25.0
IZDOWTIZ0.061 8, T72M,=6.0120 L TIF0.020DEERE LY, I1REHRTHT LT, =4THHP 54 AREHR
B DT, 1 BRI 7Oy 78 ) OFERITZNEN024M, 0.080MIC%R 5, —J, HEMNBIXM, =50, M,=
6.0 DWHE A L T800ELLEDH ), BHHHN TORRDORBERPEE DB LD E L Lo TnD I W50 5,
SERHFERPIERZROEN SVOEEE EOTWELETANTAL L, Table 1220565595 B EH
1/1200 83 X 10 BE L &0 T i, AR EBHROFNF 2Rz, BlE LT, 198755 1914EF TD
54Ef12, Figure 1.200133%F 45 187F T TO T 0 v 7 W THRA L7 M50 EORRE &L BHROKZE5 4 % Figure

Table 1.1 Mainshocks in the Izu region. January 1, 1977 to December 31, 1991, 5.0 =< Mag = 9.0, 0 < Dep = 50 km, 33.5° = Lat<35.3°,

138.6" = Lon<139.8".

KRBT TR

H405

2000

A* N Y M/D H:MIN LAT LON DEP MAG
A 1 1978 1/14  12:24 34 46.0' 139 15.0' 0 7.0
2 1978 12/3  22:15 3453.00 13911.0' 20 54
A 3 1980 6/29 16:20 3455.0° 139 14.0¢ 10 6.7
4 1980 9/10  7:20 34 1.0 139 0.0 20 5.6
5 1982 8/12 13:33 34 53.00 139340 30 5.7
A 6 1982 12/27  20:33 3345.00 13923.0'" 20 54
A 7 1982 12/28  10:52 3346.0' 139220 20 58
A 8 1982 12/28 15:37 33520 13927.00 20 6.4
A 9 1983 10/3  22:33 34 0.1' 139308 15 6.2
A 10 1986 1121 17:9 34 41.8 139 16.3' 0 5.1
A 11 1986 11721 17:12 34446 139189 9 5.1
A 12 1986 11722 941 34328 139315 15 6.0
A 13 1987 5/11  6:35 34557 139155 15 50
A 14 1988 7/31  8:40 34 57.8 139 13.0' 5 52
A 15 1988 82 20:16 3456.77 139 12.1' 2 52
A 16 1989 172 1945 34 35 139 6.0 16 5.0
A 17 1989 71 0:1 34 585" 139 8.0 5.2
A 18 1989 779 11: 9 3459.5' 139 6.7 55
19 1989 10/14  6:19 34494 139302 21 5.7
20 1990 2/20 1553 34456 139 14.0' 6 6.5
21 1990 85 16:13 35124 139 57 14 5.1
22 1991 9/3 17:44 3341.00 138499 33 6.3

A*:alarmed mainshocks
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L270FT . EMoOFFE70y 7 FSERL, ZOAOERTHINLEFBORSLETTY ZITHIBL T 5,
KEFBATHERL ) FORHMEIABORERZ, BEL ) TORRORSTIEHRPEL2ERL, ABPREEL Do
ERMEEE SR LS LTH b, 72, HBOBIUNTRELZARE, 70y 700 FOWELE, 4757
DTy 7 CFABCENL I L ICEBETALESHL, COMER TIPS X )T, BREKOLMENS o722
ORFZERERICB VTS, BRBEZMO LD 2EEG3FEFITNS L, Kb b§, JORERAICTEE L8
OERED D B 5ENF I DBHBZEEICE TN TS (Table LIABROZ L) 2 &b, BEABIRLSLILIE
BICOBEBETE S,

(5) BMmdLUMER

WD) HTRULERE, ERLVIBEPLALLTHLEERRVETYH, HBEHWRVWERTEZVWHALED
Nz, LaL, ZSTELNZERIMOUEOREOEA22M, 6.0 EOKRITEE V) BEISERMOT— 5
POBONZLDOTHY), SHOEBEFHT 2O TFEHTHL LEFFTENEV, o LEEEORVEEER
BELDIET - YRR BT Lk, RARDOBRTHEAHHZ b - LBRICETT I LEEL <, T4,
BRI & ICHIREEASR Z WO T, BTEEE GR AT AL T L BRVWERIE O NS LIERS v, fE
5T, BROF—FDERICHET L L0 REZ)THD, 72, MLUAFELFEUNOBIBISER L2569
W TTEeEDSH B DI, Mogi (1963) % Yoshida (1990) & ORIBEB ORALKE, LTS L, HROAERCIX
BROMBEID 2TV T 3 v v 7 FHERLHIMFRTH Y, ZOMBOBIBICOVTIED T VIR TE LRV,

Table 1.2 Results for Mp=23, D=0.2, Np=10 and T,= 4 days.

Magnitude of mainshocks Mm 5.0 Mm 6.0
Total number 22 7
Alarmed 15 5
Alarm rate (%) 68 (15/22) 71 (5/7)
Truth rate* (%) 50 (1050/2100) 14 (293/2100)
Truth rate+(%) 53 (9117) 29 (5/17)
Occurrence rate 0.061 0.020
in alarmed time-space (per 1day Isegment) (per 1day 1segment)
0.24 0.08
(per 4days 1segment) (per 4days 1segment)
Probability gain ' 823 862
Ratio of alarmed time-space 83 10-4 8.3 104

to total time-space

* This rate is defined as (number of successful alarms) / (number of alarms) .

+ The definition is the same as above, but successive alarms in time or space are treated as a
single alarm.
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Figure 1.27 Example of alarm periods and times of mainshocks. Each narrow rectangle divided by a dashed line represents the
history of a segment. The segment number (see also Figure 1.20) is written at the left. Times of mainshocks are shown by
arrows in the upper part of each rectangle. Alarm periods are shown by filled columns in the lower part. Short columns
indicate false alarms.
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Figure 1.28 Histogram of times of foreshocks before mainshocks. (Data is taken from Seismology and Volcanology Research
Department of MRI (1990).)
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Table 1.3 Earthquakes preceded by a seismic lull.

: : , i Md *
No Year iMon. iDay iName of Earthquake | Mm | Mf |G- | T | Ta [Data | Remarks
i [l ! : l_(f_l hour |hour |from
1 1905 ; 6 , 7 [Near Izu—Oshima 5.8 |- - - 31 1
2 | 1913 ' 6 ! 30 !WKagoshima 15.9 5.7 0.2 |23.4 |22 |(2)
3 1914 + 1 1 12 i Sakura jima 7.1 |- - - 22 (3) |accompanying
1 i ' ' eruption
4 1918 § 11 ! 11 !Omachi 16.5 |5.9 |o.6 {13.1 |13 2)
5 1927 't 12 ' 4 !'Chijiwa Bay ‘5.4 |50 o4 |84 8 2)
6 1930 + 3 1 22 iNear Ito 15.9 |- - - 0.8 |(1)
7 1930 ¢ 11 i 26 iKita-Izu 17.3 |51 |2.2 12,0 |11 4
(8 1941 ! 7 ' 15 !N Nagano 16.1 3.7 |24 |20 ] 0.8 [(2) |8 events
9 1943 ! 1 ! 7 'Near Okinawa 6.0 |- - - 25 1)
10 1943 « 12 v 11 iNear Mikurajima 5.4 |46 0.8 [15.4 |43 2
11 1945 } 1 1 13 iMikawa 16.8 15.9 0.9 |36.6 .37 2
12 1946 ' 12 ! 22 !C Kumamoto '50 |- - - 10 2)
13 1948 ! 12 ! 16 !Near Izu-Oshima 151 (4.9 lo.2 9.8 |9 2)
14 1952 1+ 10 1 27 iFar off Sanriku 16.5 |6.4 0.1 L3 |12 Q)
15 1957 1 1 1 9 iNear Izu-Oshima 14.5 4.2 Jo.3 1.7 | 1.5 |(2)
(16) | 1957 ! 5 ! 30 !Near Okusirijima !5.1 |4.6 {0.5 |28.3 |28 (2) |9 events
17 11957 1 11 ! 11 !Near Niijima 16.0 |s.5 lo.s |09 |7 2
18 1961 1+ 7 1 22 iNear Izu-Oshima 14.6 |- - - 0.5 |
19 1962 1 8 , 26 iNear Miyakejima 15.9 |- - - 6 (5) |accompanying
H H H . H eruption
20 | 1963 ' 10 ! 13 !Off Iturup 8.1 6.3 |1.8 |17.8 |16 |(2) -
21 1966 + 4 1+ 5 iNear Matsushiro 15.4 |- - - 1.0 | (1)
22 1966 + 8 1 6 iNear Kozujima 4.0 |- - - 6 2)
(23) | 1968 ! 9 I 21 !N Nagano 15.3 |40 1.3 3.7 13 (2) |8 events
(29 | 1971 + 2 ' 15 iChijiwa Bay 146 |42 Jo.4 |04 ]07 [(2 |8events
25 1973 1+ 11 + 14 iNear Izu—Oshima 141 |3.5 |o0.6 7.8 |7 @)
26 1974 1 5 1 3 iE off Chiba 5.2 |51 Jo.1 J15.9 {16 2
27 1975 ! 1 ! 23 'N Kumamoto '6.1 |5.5 |0.6 |33.6 |27 (1)
28 | 1976 t* 2 ! 9 !Hokkawa 13.6 |L8 |18 |67 17 |(
29 1976 1 6 1 16 E Yamanashi 15.5 [4.7 |0.8 2.0 | 1.8 | (D
(30) | 1976 i 8 1 18 Kawazu 5.4 3.0 |2.4 1.4 | 1.5 |(6) |8+ events
31 1978 ! 1 ! 14 !IzuOshima—Kinkai !7.0 [4.9 |2.1 2.6 |3 (8)
32 1978 ¢+ 1 ' 29 N Nagano 13.7 (3.3 |o0.4 2.4 | 1.0 |2
33 1978 1+ 3 1 25 iNear Iturup 17.3 [6.7 0.6 [43.3 |39 2)
34 1978 1 12 + 3 }E off Izu Pen. 5.4 (3.5 |1.9 [45.2 | 4 8)
35 1980 ! 6 ! 29 'E off Izu Pen. '6.7 4.9 1.8 |28.2 |24 (8
36 1980 ' 9 ! 10 !V off Miyakejima  15.6 |3.9 |1.7 41 |3 2)
37 1982 &+ 7 1 23 i0Off Ibaraki 17.0 5.4 1.6 [20.9 |21 0)]
38 1983 1 1 1 20 iE off Izu Pen. 145 13.9 |o.6 |37.6 [38 (8)
39 1983 ! 5 ! 21 'E Boso Pen. '50 4.1 0.9 |15.7 | 8 (2
40 1987 1 2 ! 6 IE off Fukushima 16.7 |6.4 [0.3 0.9 | 0.3 |(8)
41 1989 1+ 7 « 9 E off Izu Pen. 15,5 14.7 10.8 [45.5 |46 8) accompanying
H H ' ' eruption
42 1989 ! 10 ! 29 'E off Sanriku '6.5 {6.0 0.5 2.3 |20 |®

Mm and Mf represent the magnitude of mainshock and the largest foreshock, respectively. Tl and
Ta show the duration time between the occurrence of the largest foreshock and mainshock and
that between the. most active time of foreshocks and the occurrence of mainshock, respectively. *
(1):The original observation registers of earthquake of the Japan Meteorological Agency.
(2):Suzuki(1985). (3):Omori(1914). (4)Sagisaka(1931). (5):The Volcanological Bulletin of the
Japan Meteorological Agency. (6):Tsumura et al.(1977). (7):Seismological Division of IMA(1977).
(8):The Seismological Bulletin of the Japan Meteorological Agency.
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Table 1.4 Earthquakes preceded by no seismic lull.

(A) Nearly constant type

No YearEMon. EDay EName of Earthquakei Mm* |Data from* Remarks

1 1934§ 9 E 13 iNear Yakushima e 5.5 (1 accompanying eruption
2 | 19721 1 1 14 iNear Izu-Oshima ! 3.8 ()

3 | 1982{ 12 | 28 Near Miyakejima | 6.4 (8)

4 | 1983: 10 : 3 iNear Miyakejima ! 6.2 (5) accompanying eruption
5| 19870 5 |11 iEofflzuPen. | 5.0 ®) |

* The same definition in Table 1.3.

(B) Increasing type

No | YeariMon. iDay EName of Earthquakei Mm* |Data from* Remarks

1| 1965) 11 | 13 iNear Torishima | 6.5 @

2 | 1986! 11 : 21 iNear [zu-Oshima ! 5.1 €] accompanying eruption
3 1986§ 11 E 22 iNear Niijima § 6.0 (8) accompanying eruption
4 | 19881 7 i 31 iE off Izu Pen. 152 (8)

* The same definition in Table 1.3.

Table 1.5 Unclassifiable earthquakes.

No | Year:Mon. | Day:Name of Earthquake! Mm* |Data from* Remarks
1| 1925 8! 10{W Oita D44 (2)
2 | 19421 11 !  7iNear Izu-Oshima ! 4.9 (2
3| 1956 12} 22{Near Mikurajima | 6.0 (1)
4 | 1965 11 i 6!Near Kozujima ! 5.6 ()
5| 1975{ 9} 25Near Amamioshima | 5.3 @)
6 | 1978: 4 i 7iE off Chiba ' 6.1 ()
7 | 19811 1} 19.0ff Miyagi L 7.0 (1)

* The same definition in Table 1.3.
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N Kita-l1zu Eq.(M7.3)
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Figure 1.29 Hourly number of foreshocks observed before the 1930 Kita-Izu earthquake (M7.3).

1978 I1zu-Oshima-Kinkai (M7.0)
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Figure 1.30 Magnitude-Time diagram for the foreshock activity before the 1978 Izu-Oshima-Kinkai earthquake (M7.0).



BB EAMRE

840% 2000

M-Tp for Foreshocks with Quiescence
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Figure 1.31 The most active times from mainshocks of foreshock activities that were followed by a quiescence before mainshocks as a

function of magnitudes of the mainshocks.
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Figure 1.32 Relationship between magnitude M and duration of seismic gap of the second type. (Figure from Mogi (1985), and data

mainly from Kanamori (1981).)
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Figure 1.33 Distribution of the most active times of foreshock activities that are followed by a quiescence before mainshocks.

On the Basis of the Most Active Times
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Figure 1.34 Time variations of conditional probability (P,()) of occurrence of a mainshock during an hour at ¢ hours after the most
active time of foreshocks, probability density (f (#)), and cumulative probability (F(¢)). Cumulative number of data is also
plotted.
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Figure 1.35 Sequence of seismicity pattern predicted by the bimodal asperity model. ¢ is the stress on subfaults (Kanamori, 1981).
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Figure 1.36 Seismicity variation (bottom) predicted by assuming a perturbation in tectonic stress (top); T, represents a local frictional
yield stress, 1. is the local tectonic stress, and 7, is some critical stress at which the seismicity starts. 7 is the recurrence
period, and #,is the time delay from the expected recurrence time (Scholz, 1988).
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Figure 1.37 Seismicity variation (bottom) predicted by assuming a dilatancy hardening (top). The meaning of symbols is the same as
in Figure 1.36 (Scholz, 1988).

DER, OOEFVD L) ICHESFIZ2ODE—FEL -84 & BRIIENSE Z & %2R LT (Figure 1.38),
HHDEFNVIZE2BEABLZHBPTE-0D0LDTHEDT, MPO555 L) CERILOBBEFI10FIIE R -
TWBY, BELL /ST A= 2 HYICERZ L ICL o THRMOBRLICHIE LEICT AL TELbDEER
bhb, LaL, COBBENIERZEOAr —VTLIHRINTELY, EROMBICEITIIRTE L1 EI »
BABOBEL L TERo TV 5,



KBRS £40%5 2000

LOCATION ON FAULT(KM)

K 10 20 30 40 50
v hd [} L 1 [
:+:EARTHOUAKE
o O'CREEP
’~
0
<
+ +» + +*
> w0} 5%
m b
=
- °
(]
20F °
-]
(-]
113
+ ‘0 [] °
o
° + o o gHo,
, °
dof *+ ot o ©
(-] °°
o 00 + dhttibo
e
-444:44-:3-0-04:-0- @ 40 o++ibo -
-]
-]
° QUIESCENCE
soF ° PERIOD
(-]

. .
4;:::::.‘:;J'%f:§211‘1334..:.‘..;ié:h'::::::;L:H:‘::: -MAJOR
oog-i-o R 34: 0P+, it Sroo EARTHQUAKE

)

SEISMICITY PATTERN

Figure 1.38 Simulated seismicity in the model with the displacement hardening-softening friction law and moderate to heavy
heterogeneous fault strength distribution. The circles indicate the starting times of block creep for the particular blocks, and
the pluses represent individual earthquakes (Cao and Aki, 1985).
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Figure 1.39 Accelerative increase of the cumulative Benioff strain of earthquakes with M= 5 within about a 100 km wide and 400 km
long area in northern California observed before the 1989 Loma Prieta earthquake (17.1) (Bufe and Varnes, 1993). ¢, represents

the expected time of a large earthquake obtained by fitting the power-law function to the data. The figure is slightly modified
from the original one.
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Figure 140 Accelerative increase of foreshocks observed before and within 10 km from the 1993 western Nagano earthquake, Japan
(M5.1). Solid and broken lines represent the predicted activity by fitting the power-law and exponential functions, respectively,
to the data up to 20 days before the mainshock.
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Figure 141 Accelerative increase of microfractures before the main rupture in a laboratory rock fracturing experiment. The broken
line represents the predicted activity by fitting a power-law type of function to the data up to 5 seconds before the main
rupture. The parameters a, b, and #, are estimated by fitting the power-law function to the data, and t, represents the
expected time of failure (after Yoshida ez ai., 1994).
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Figure 1.42 Epicentral distribution of investigated mainshocks with M=5. Solid circles represent the mainshocks preceded by
foreshock(s), and open circles indicate not receded by foreshock(s).
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Space-Time Distribution of Largest Foreshocks
Mmz25, Mf=3

Figure 1.43 Space-time distribution of the largest foreshocks obtained by a stacking method. The origin of the axis represents the
space-time location of each mainshock.
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Figure 144 Cumulative number of the largest foreshocks within 30 km from and two days before mainshocks. Solid lines represent
curves fitted by the power-law, and broken lines, by the exponential functions.
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KEMEFEAMHE $40% 2000

Table 2.1 Station list.

Station name Station code Latitude Longitude
Higashimatsuyama HIG 36.0098 139.3488
Kashiwa KAS 35.8543 139.9613
Choshi CHO 35.7367 140.8617
Kanozan KAN 35.25168  139.95897
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Figure 2.2 Station location plotted on maps by Geographical Survey Institute.
(a) Higashimatsuyama. ‘
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Figure 2.2 (b) Kashiwa.
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Figure 2.2 (c) Choshi.
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Figure 2.2 (d) Kanozan.
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Figure 2.3 Plots of the stations on focal spheres (upper hemisphere) for various earthquakes in southern Kanto area. Stations are not
so concentrated on the focal sphere.
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Figure 2.4 Photographs of sensors of (a) Higashimatsuyama, (b) Kashiwa, (¢) Choshi, (d) Kanozan.
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Figure 2.5 Observable range of the system, in which JA-5V by Nihon-Kohkuh-Denshi is used as the sensor and a recorder by
Quanterra, Inc., is used as the data logger.



FEMETBAMBRE 45405 2000

SenSOij Data Recorder
|| Amplifier Station
T T Laboratory
Computer
Data Center

(Seismological and
Vocanological Department,
JMA

Figure 2.6 Block diagram of the data acquisition system. The computer accesses the data recorder via telephone line.
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Figure 2.7 Location of observation stations and earthquakes analyzed in this study.
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Figure 2.8 Examples of acceleration seismograms and their spectra for event No. 9 observed at HIG (a) and KAS (b). (Top)

Acceleration seismograms, NS and EW component. Maximum accelerations are shown. (Bottom) Fourier amplitude
acceleration spectra of NS and EW, Ays and 4gw, obtained from range of the window shown by the arrow, and their vector
summation, that is (4ns*+4sw?) 2 which is an inversion data set. High frequency waves are rich at HIG (a) as compared with
KAS (b), though the hypocentral distance of KAS is less than that of HIG.
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Figure 2.9 Site spectra (the effect of site amplification) obtained in this study. It is 2 at CHO by definition, and is large for high
frequencies at HIG, located in the Kanto basin but near the Kanto Mountains. -
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Figure 2.11 Source acceleration amplitude spectra. Note that the spectra are affected by the assumed site spectrum at CHO.
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Table 2.2 List of events. Symbol 'C' means classification of the event: 'a' and 'h' indicate the event at Pacific plate and Philippine sea
plate, respectively. It is not clear how to classify No. 16. Symbol "H" indicates the radiation strength of high-frequency
waves, H=log <a(f)/4o(f)> — (0.5M;+ C;). Circle at each station code means that the seismogram is used in this actual
analysis and a cross means not used.

ID Y M D latitude longitude depth(km) M; C H  CHO HIG KAN KAS
1 1996 03 06 35°284" 138°57.1' 196 53 h -0.07 X X O O
2 1996 03 18 35°46.2' 141°09.9' 528 48 a 0.01 O X X X
3 1996 05 21 35°11.7' 140°16.3' 326 38 h -0.61 X X O X
4 1996 06 12 35°44.5' 140°44.4' 557 42 a -0.28 X X O X
5 1996 09 05 34°57.3' 139°%41.6' 48.0 41 h 0.18 X X O X
6 1996 09 11 35°38.1' 141°13.2' 520 64 a 000 O X O O
7 1996 10 12 36°5.6' 139°40.1' 905 .47 a 021 X X O O
8 1996 11 15 35°05.8' 139°55.9' 686 39 a 0.07 X X O X
9 1996 11 24 35°45.0' 140°06.5' 713 44 a 017 X O O O
10 1996 12 21 36°5.6' 139°51.9' 531 54 h -0.09 X X O O
11 1997 01 27 35°452' 140°04.7 775 41 a 0.19 X X O O
12 1997 02 17 35°34.1' 140°08.6' 780 43 a 0.05 X X O O
13 1997 02 19 35°33.8' 140°08.9' 765 40 a 0.10 X X O O
14 1997 03 09 35°37.0' 140°10.0 75.7 43 a -0.06 X X O O
15 1997 03 23 35°58.1' 140°06.3' 716 50 a 0.00 X X O O
16 1997 05 10 35°48.8' 141°05.9 255 46 ? -0.20 O O O O
17 1997 05 12 35°22.2' 139°45.9' 620 38 h -0.04 X X O O
18 1997 05 26 35°58.5' 140°12.2' 1041 4.0 a 0.30 X O O X
19 1997 07 09 35°33.1' 140°07.7 773 46 a 0.01 X O O O
20 1997 09 08 35°33.2' 140°00.5 1088 52 a 038 X X O O
21 1997 11 29 36°02.4' 139°54.9 499 43 h -0.11 x O O O
22 1997 12 06 35°423' 140°07.2' 560 46 h -0.23 X X O O
23 1997 12 07 35°4.7 140°07.6' 528 42 h -0.38 X X O O
1.0 . —
0.5 - -

| o
o
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Figure 2.12 Relation between JMA magnitude and log <4 (f)/4o(f)>, 4(f) is the source acceleration spectra obtained in Figure 2.11,

and 4o(f) is that of the earthquake identified as No. 6 in Table 2.2, and < > means average in the range of 5 to 20Hz. Line

indicates a relation expected from ®’ model, that is log<A(f)/4o()>=0.5M,+ C;, where C;=-3.2. The line represents the
observations well, which means the @ model is appropriate.
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Figure 2.13 Depth dependence of = log <A(f)/4¢(f)> — (0.5M+ C). Earthquakes whose JMA magnitude, M is equal to or larger

than 4.0 are shown by circles; those less than 4.0, by triangles. Symbol 'h' indicates the event at the Philippine sea plate. H
increases with depth in the range of 50 to 120 km.
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Figure 2.14 Epicentral distribution of A= log <A(f)/4¢(f)> — (0.5M+C2). Symbol 'h' indicates the event at the Philippine sea plate.
The epicentral distribution of low- and high-frequency earthquakes does not show clear characteristics.
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Figure 2.15 Relation between the moment magnitude of Harvard group and frequency of earthquakes which occurred in 1994
throughout the world. An open circle denotes the number of earthquakes of every 0.1 magnitude unit; a solid circle, the
cumulative number of earthquakes up to the corresponding magnitude. We can recognize that the lower limit of the estimated
moment magnitude is about 5.2.



SERFETFHARE  H40% 2000

(2) BEDINS XA —2HTE

E—RAYMFUYYNERET D0 BEKE L EREEORBILEL 25, I 2 TIIRE (1985) I & 5 FH
WCEITWT, RBEEICT S5 — VEBEFE L, Table 23ICRE L-BEMELRT. 7Y — VEE%EE
T50121E, R OFEREILETHL, S THERERE2km T2 12100km T, BEOERS2km I LT
100 km F CO—EDHBOBRF LEDOEICEL TFOE—RA Y MF YV VOGHESFNENIT 5 7)) — VB % E
Bl o7 —VEBRE 77 ANVELTRELTBE, Hod 28HEO7— 5 2@ T ABRICTO ST A
CEAAL LS 12 LTV, -

RFEREBERE 7)) - VEARE BEALIEGFENE, RERHBEHOBE LTEZARE vz, HEBEOBIZIZH
Ba@EBDNY V7 4 vy (BRI, 1993) % BHMEE & BRREHOWE ([T %, #8080 &R E R L&
PR EREIE, EEEDOSVARBEEFTOS/NRIGE L TEZTWR5,

CITIE, MBE- AV MEWIBNTA—FREEETE12DDX T4V FyDY—VERRE L. BOHE TR
THRIEL LD, FRCL AT Ay 2 EELCHERBEDEET B HEEHE L,

B% L7717 S AQWEE % Figure 2.16 1278 o BT 4 ¥ Ky OERIIBIBER LR L, B3 AHRERZRT,
WEHHOTFRIBMAOMNELRL, XHEBREET, NTA—FREHOTOHCHLAT M FIZL Y EHETHE
ELTwb, Filt L' & Filt H DAFTA FIE T4 VI DOBBHEBERETH7:0D0bDTH5, 'St_T', 'T_len',
‘Amp M'iZZNnTh, WEEROBOOERH, FREHORS, IRIEOBELFRETH/2DDATA ¥ ThHbS,

BRBEROEMOMB T Y ORI, E LR EME L EROREBEDENICL Y, BHEEOZMOBE YO
Bl & TN ABA DLV, 'Syn_Th', '(Fine_h)', 'Syn_TV', 'Fine_v) IZBUAIEE L AR EOMOB T ) ORI DT
NEPEST 2000 TH5, Wi/ A — %% 'Strike', Dip' B 'Slip' 254 F2L VX 5, Moment' &
Half Dur' 3#iBE— A P DRSS L RFEFHBROBEEZ 57200 DTH 5,

FENCL D RTG XA —F ZRETH5HE10E, 3EORB/ ST A—5 EW - ER - TNVHLBRE- AV POK
& - RIBEHBEBOMBIRFMEEZ b, NTA—F OFEZHEE LOATA FICENTE ) NTA—FHEZDL
NRCIEBEE RS CICEtE SR, Bl LICFERENS, AREROBERERIX Y1 Y Fyn4 Ry M2y
B, TUTTANFE-—RAY FOEGDOREEEFHEL, TOE-X Y POKREIC L TREE T BN S
V- YEBERLEDY, SOUEREREEEZEAAAESL, 74V REEZ LCHELICRRT 5, hH0
MBI TDELSETSINDLDOT, BHFIRBEORTE2HOLI LT LERV,

/N SR O RIFRE I BB O REBERS ] 1AV B ERIRIFH B RO BREB I LTI, bTroREo TS
BREROBEDRELRELBIERIT, T/, BORVASVADEBOLBICLVBMET— AV M eREL (S
THZLIIRETH 5,

Table 2.3 Velocity structure model used to calculate Green functions.

Depth(top) Ve Vs Density Qr Qs
(km) (km/sec) (km/sec)  (g/em®)

0.0 4.20 242 2.40 200 100
24 530 3.6 2.60 300 150
4.0 6.10 3.52 2.70 300 150

14.6 6.70 3.87 3.00 500 250

31.5 8.00 4.62 3.20 600 300

171.0 8.19 473 3.28 600 300

300.0 8.19 473 3.28 600 300
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Figure 2.16 Screen image of the program. A solid line in a waveform window denotes an observed record, and a broken line denotes a
synthetic record. A cross in the map denotes the location of a station, and an X denotes the location of the epicenter.
Parameters are changeable by sliders on the lower part of the screen : Filt_L and Filt_H, pass band of the filter; St_T, start
time of display; T_len, time length; Amp_M, amplitude scaling; Syn_Th, (Fine_h), Syn_Tv, and (Fine_v); adjustment of the
onset times of observed records and synthetic records; Strike, Dip and Slip ; fault parameters; Moment, moment size; Half Dur
rise time.
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Figure 2.17 Comparison of filtered records of observations and synthetics. The same time sections as those of Figure 2.16 are shown
in this figure. Seismic records were processed with digital filters which cut high frequency components. Frequency

components lower than 1 Hz were usually used in this study. The period of the high-cut frequency was selected so that it
exceeds twice the pulse width of a seismic phase.
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Figure 2.18 Station locations used in this study. A cross denotes a station installed by Yokohama City University, where an STS-2
seismometer is used. An inverse triangle denotes a station installed by the Meteorological Research Institute, where an STS-2
seismometer is used from 1992 to December 1993, and an STS-1 seismometer is used from January 1994 to the present. A
triangle denotes a station installed by the Meteorological Research Institute in March, 1995, where JA-5V accelerometers
produced by Nihon-Kohkuh-Denshi are used.
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Figure 2.19 Observed records and station distribution of an earthquake which we analyzed to check the resolution of the moment
tensor estimation. A solid line in a waveform window denotes an observed record, and a broken line denotes a synthetic
record.
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Flgure 2.20 -Comparison between observed records and synthetic records of the earthquake shown in Figure 2.19. A solid line in the
upper row denotes an observed record, and a broken line denotes a synthetic record. The solution was obtained by the least
squares method. The synthetic record of each moment component is also shown. XX denotes components of a moment

tensor. X denotes N/S direction, Y denotes E/W direction, and Z denotes D/U direction. The synthetic record of each
moment tensor component is that for 7.5 X 10*® Nm.

Figure 2.21 Solution of moment tensor inversion of the earthquake shown in Figure 2.19. The solution is shown as a mechanism
diagram. Five moment components were estimated from the waveform as a linear inverse problem.
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Figure 2.22 Comparison of scalar moments estimated in this study and Kikuchi's estimation. The horizontal axis shows Kikuchi's
estimation, and the vertical axis shows the estimation of this study. Whereas the plots are distributed around the line of

ratio=1.0, the maximum difference is about three times, and the moments of this study tend to be larger than those of
Kikuchi's estimation.
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Figure 2.23 Comparison of fault parameters estimated in this study (left) and Kikuchi's estimation (right). These are projected on
lower hemispheres. Similar solutions were obtained among two studies except for a few earthquakes.
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Figure 2.24 Comparisons of observed records and synthetic records for the parameters obtained in this study (a) and those estimated
by Kikuchi (b) for an earthquake which occurred at a depth of about 40 km in eastern Kanagawa Prefecture on Nov. 19, 1992.
For this earthquake, the difference in moment size between two estimations was maximum (about three) among the
earthquakes which are common in both studies. Residual for TOK is less for this study than that for Kikuchi's estimation. The
amplitudes of synthetic records for TKO and YCU P phase are too large in this study.
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Table 2.4 Comparison with CMT solution of Harvard group.

Origin Time Mo of this study [Nm] Mo of CMT solution [Nm]
1993/ 5/21 11:36 6.2 X 10* 7.9 X 10"
1995/ 7/03 08:53 9.0 X 10* 8.7 X 10"
1995/ 7/30 03:24 9.1 X 10" . 10.6 X 10"
1996/12/21 10:28 2.4 X 10" 2.13 X 10"
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Figure 2.25 Comparisons of observed records and synthetic records for the parameters obtained in this study (a) and for those
estimated by Kikuchi (b) for an earthquake which occurred at a depth of about 80 km in Chiba Prefecture on July 23, 1993. For
this earthquake, the T axis of this study rotates nearly 90 degrees from that of Kikuchi's estimation. Neither solution can
explain the polarities of body phases of all stations. In either case, data of some stations can be explained, and data of others
cannot be explained.
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Appendix

N Origin Time Lat.  Lon. Dep Mo Mw St Dp Slip Region Name

1 1992/0520 17:23:59.6 35205 139.773 92 029E+17 49 196 85 98 TOKYO BAY REGION

2 1992/06/10 08:00:20.5 35202 139.772 96 0.37E+16 43 175 82 93 TOKYO BAY REGION

3 1992/10/04 10:13:23.8 34.858 139.643 31 O0.11E+16 40 100 51 -168 SAGAMINADA

4 1992/11/08 08:07:14.0 35515 139.127 26 0.17E+16 41 76 71 85 EASTERN YAMANASHI PREF
5 1992/11/14  03:58:054 35.163 139.095 10 038E+15 3.7 324 85 152 HAKONE REGION

6 1992/1119 17:47:582 35528 139.685 40 O05SE+16 44 57 72 65 KANAGAWA PREF

7 1992/12/04 23:00:31.6 36215 139.798 65 020E+16 4.1 345 79 132 SW IBARAKI PREF

8 1992/1227 07:13:280 35605 139.552 37 033E+16 43 24 54 95 TOKYO PREF

9 1993/04/14 20:26:45.1 36.108 139917 59 O0.11E+16 40 109 90 62 SW IBARAKI PREF

10 1993/04722 08:09:02.8 35.608 140.188 75 0.19E+16 4.1 82 67 38 CENTRAL CHIBA PREF

11 1993/05721 11:36:37.9 36.042 139900 61 062E+17 51 8 64 53 SW IBARAKI PREF

12 1993/0524 21:18:163 34.987 140437 66 021E+16 41 91 29 -62 SE OFF BOSO PENINSULA
13 1993/06/16 21:23:41.1 35257 139.807 95 O0.11E+16 4.0 342 64 -8 TOKYO BAY REGION

14 1993/07/09 02:32:51.1 35217 139.768 92 O0.17E+16 4.1 239 69 65 TOKYO BAY REGION

15 199300723 16:33:564 35.615 140.110 83 0.14E+16 40 91 11  -59 CENTRAL CHIBA PREF
16 1993/0726 20:42:189 36.060 139903 60 0.13E+16 40 24 73 104 SW IBARAKI PREF

17 1993/08/11 13:44:45.1 35585 140.135 73 0.I3E+16 40 45 70 -123 CENTRAL CHIBA PREF
18 1993/09/27 20:21:32.6 35645 140.152 76 O.79E+1S 39 30 75 59 CENTRAL CHIBA PREF
19 1993/10/10 02:2234.1 35578 140040 77 0.53E+15 38 309 90 65 CENTRAL CHIBA PREF
20 1993/11/01 21:22:283 36.100 140225 82 0.19E+17 48 175 43 62 SOUTHERN IBARAKI PREF
21 1993/1123 05:03:30.9 35470 139618 38 0.13E+16 40 79 34 68 TOKYO BAY REGION

22 1993/11/23 12:40:39.1 35482 139.632 36 0S0E+15 37 57 33 38 TOKYO BAY REGION
23 1993/12/07 10:07:11.0 35615 139472 37 033E+l5 36 54 58 65 TOKYO PREF

24 1993/12/31 15:31:16.1 36230 139448 80 096E+16 46 3 62 -2 SEGUNMA PREF

25 1994/01/04 15:46:53.7 34933 139.718 96 021E+16 4.1 242 73 150 SAGAMINADA

26 1994/01/16 23:37:574 35573 140.182 76 0.14E+16 4.0 281 41 -68 CENTRAL CHIBA PREF
27 1994/01/19 11:04:284 34.952 139.835 52 039E+15 3.7 154 45 -20 SOUTHERN BOSO PENINSULA
28 1994/01/23 15:43:463 36322 140.080 77 0.44E+16 44 94 46 17 SW IBARAKI PREF

29 1994/02/12 02:49:48.6 35988 140.792 89 0.75E+16 45 70 90 -2 E OFF IBARAKI PREF

30 1994/02/16 12:38:40.6 35963 140.103 81 0.52E+16 44 24 79 71 SOUTHERN IBARAKI PREF
31 1994/03/18 23:20:31.7 36.072 139903 58 0.10E+16 39 136 61 20 SW IBARAKI PREF

32 1994/04/06 21:17:58.7 35.588 140.168 78 0.10E+16 39 67 26 14 CENTRAL CHIBA PREF
33 1994/04/10 15:01:42.6 35.823 140.032 81 O021E+16 4.1 88 39 20 NORTHERN CHIBA PREF
34 1994/05/13  20:18:40.6 36.270 140.103 75 0.50E+16 44 15 90 110 SW IBARAKI PREF

35 1994/0527 23:53:399 35.702 139.695 42 023E+16 42 33 75 95 TOKYO PREF

36 1994/05/31 04:20:05.3 36.237 140.008 58 0.17E+16 4.1 200 25 -8 SW IBARAKI PREF

37 1994/06/17 16:52:252 35317 140.143 73 089E+15 39 42 60 -53 SOUTHERN BOSO PENINSULA
38 1994/0629 11:01:588 34952 139.882 60 0.62E+17 51 33 58 14 SOUTHERN BOSO PENINSULA
39 1994/07/10 11:42:033 36.135 140.117 76 O0.63E+15 38 21 8 68 SW IBARAKI PREF

40 1994007713 00:51:09.7 35563 140.172 78 0.12E+16 4.0 145 8 0 CENTRAL CHIBA PREF
41 1994/11/16 09:40:33.2 34.868 139.785 45 0.58E+15 3.8 284 33 180 SE OFF BOSO PENINSULA
42 1995/01/08 04:28:18.0 36308 139960 71 0.13E+17 47 185 90 -104 SW IBARAKI PREF

43 1995/02/07 04:23:33.9 35.898 139.865 68 023E+16 4.2 327 49 65 EASTERN SAITAMA PREF
44 1995/03/02 06:59:252 35.647 140.088 78 0.11E+16 40 12 71 53 CENTRAL CHIBA PREF
45 1995/03/12 21:10:364 35462 139433 44 (015E+15 34 18 8 -62 KANAGAWA PREF
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N Origin Time Lat. Lon. Dep Mo Mw St Dp Slip Region Name

46 1995/03/23 07:24:32.3 36.095 140.017 56 0.38E+17 50 257 79 -50 SW IBARAKI PREF

47 1995/04/04 06:49:23.7 36200 140.053 58 0.72E+15 38 91 71 38 SW IBARAKI PREF

48 1995/04/24 10:12:56.1 35752 140247 63 0.87E+16 46 12 90 171 NORTHERN CHIBA PREF
49 1995/04/27 00:18:00.3 36.035 139.891 50 O038E+16 43 290 83 -68 SW IBARAKI PREF

50 1995/04/27 19:21:06.6 35.611 140223 74 O038E+16 43 115 88 26 CENTRAL CHIBA PREF

51 1995/05/02 08:04:45.4 35467 140422 37 0.12E+16 40 188 20 5 KUJUKURI COAST BOSO PEN
52 1995/07/30  03:24:00.1 35900 140.589 43 091E+17 52 160 50 35 SOUTHERN IBARAKI PREF
53 1995/07/30  05:01:18.6 35.880 140.568 42 045E+15 3.7 154 53 32 SOUTHERN IBARAKI PREF
54 1995/08/27 14:32:22.8 36.104 140.044 69 025E+17 49 8 79 -35 SW IBARAKI PREF

55 1995/0926 20:45:15.6 35.559 140.135 79 0.28E+17 49 27 8 -113 CENTRAL CHIBA PREF

56 1995/07/03 08:53:23.2° 35.163 139.568 122 0.90E+17 52 274 90 127 SAGAMI BAY REGION

57 1995/10/02 04:07:39.1 34.811 139359 31 0.74E+15 38 166 74 -14 NEAR IZU-OSHIMA ISLAND
58 1995/11/05 13:12:43.0 36.083 139914 50 O0.10E+16 39 154 51 17 SW IBARAKI PREF

59 1995/11/12  06:01:55.8 35.682 139503 49 0.63E+160 4.5 248 85 101 TOKYO PREF

60 1996/05/08 13:25:53.0 35.054 140308 98 O051E+16 44 177 79 -98 SE OFF BOSO PENINSULA
61 1996/09/11 11:37:143 35.636 141220 52 0.16E+19 6.1 250 32 -157 NEAR CHOSHI CITY

62 1996/12/21 10:28:47.7 36.093 139.864 53 024E+18 55 69 72 81 SW IBARAKI PREF




TERTEAMEE 4405 2000

FIE BEOMBOREEE

3.1 HHADORRiE (18944%)
(1) Lol

18944F (WA 274F) 6 A 20 BT - MR R LICHER b 725 LB RE L, [HEBE| LIFEh 3 HET
Hho COMEILLY, BB LU ZOFBDHIRICE W TIE 3L LA (L, 1996), = OWEIC L 5 HEHK
ORER, FIHLETIE 1923 E DRIRAMES B\ TR DA X Us,

K (1899) 13, COHWBIABSGDEVE L, FREECHNTREROBEDOS LN Lhb, BEIECHET
HHLHEL T, —J, HE (1972) 3BEAL LD 2 VI BESD LOHERELE S~ S =F 2 — K% 64550t
6.7LLTHY, BEDORSIFEL TH30km bWVE LTWD, F72, T 1979) 13, BENSPRENT S =F 2 —
F700#EE LTEY, FI (1975) EHRELRE (189 OHE L TV AIRIE,G DY/ =F2— F46 3/4 LEEL
TWdo 3b1Z, 2k (1977) FOHMBIRE 2 S BBEOMB LRI T 5 L L 112, WBREEOF— ¥ 05, EW
BThHo/-MEMEEREL TS, COLIIE, ZOBBORBEICHEL CIL 23 BRENTVD,

Z T, B3 - RFR (1899) SHEE L TV 2 IR RIRIET — 4 2 K4 TTIC, ZOBMBOERME - BB -
T Mo AMBWE R EIZoWTHEHRT 5,

2 F—%

WRERE LT, ERERAKEIT5 GME(?I/— S IV a4 YY) BEES, BA - K7 (1899) 5
HLCWARFERE TR SN 22— 1 ¥V IIRESRRER, AR TERICBIT 27— - 30 R Eag
KRR D& ERE A L7

GME %@ BrM I EARE 3, ATPEERsM, ETBIEHEY 106 R, 1981 ; B - =, 1992) OMES <
H5bH, POWMKEL EDHARNG,

2—A ¥ 7 FREAKNRER, HERUE, EARAM6OY, WFORS5l cm, REEEIE/H, BHES O,
1971 ; Morioka, 1980) DH#RERITH 5, M4 - K7k (1899) PHMEBICHERDO M L— 22 BHLCBD, k&AL
AW BB REEL TV D, |

HECRE LI B 5 Rk, 0k (1977) DHRATIC IV 7 BOR R MRS AR LT\ b b 0T, [TAH
L TTR2 A 4] - TR | - [EER] LR L4ESD D5, TNENKEB2ESFEESA TV,
[TAH 1| DFLEHD b L — 2% Figure 3118 T, TNLDFEFIFA L & 5 2IRROBEO Y -2 BE L Rons 2 L,
FEARETHE 2L R PRI Yo TWEbDEEL N, T2, TP RL D2 CIERNICEEL T v
THERRT, PRI O REREHEEFHEL T0BIDEEZ LN,

RAIIBE LCid, K7 (1899) - HRAZA (18%M) OHERUAREOMBEE CERINLTVL, HE (—Y
& - A - RRESRA) - BEW -8 B TRE - BY ST &5 - K5 - BN - BoBERFIE L,
Table 31IZENL DT —F 2R T, RHOHBEFHIOWTIX, BR 1966) 25# L LTEEF (1975 25#EE L7 0,
ELHER (1966) LARITHNEHER (19682, 1968, 1968c, 1968d, 1968¢) ¥ BEIHmE L7 d OFIBL T
Bo BREBRO<=F 12— FiE, RO TOREICETDDTHEHY, BLZOMETH D,

3) BREMBEYT/=Fa1—F
BRIV TIEIBEEDOR KR ERGITICE o 7505 (1979) 12 & 2 HEME © K% 139.8°, dLik35.7 2 RUBEE 2 5,
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Figure 3.1 Seismogram observed at the Department of Technology, the University of Tokyo on June 20, 1894. One rotation
corresponds to 55 seconds. S-P of this seismogram is about 7 seconds. The magnification is unknown.

Table 3.1 Observed maximum amplitude.

Wi BX# (P) KEBOEBHE | HRE RREME km] | =7/ =F2—F
i (A8) 73mm (KT 2 WFDOERELEKEN) -1 SRt 3 6.3/6.5
R (—71%) 130mm(K¥ 2 RSN AR £EE) 4 6.6/6.8
R (PRERE) | AFH:76mm, LFH:18mm i3 &4 ] 4 6.3/6.6
wE KFE:19mm(KE 2 RI|OSHLER?) | wi-HR 50 6.4/6.5
LF#:2.5mm
#RF¥ AKF#:5.4mm, LFi#h:1.4mm Iy AR (7) 94 6.2/6.3
FHT (WRH) MRk D, MiLE:13.5mm, Iy KRt 97
LEFE:10.2mm
L34 AKER:20mm, L FH:3mm *Amt (7) 120 6.9/6.9
-1 T KEE:3.5mm BRE>D 20 234
L4 I Rt 6.6/6.7
-1 AF8 4.2mm, L& ~d.] BLA LR 269 6.8/6.8
w5 KER:1.4mm I R 255 6.3/6.3
i) KFH:2.8mm, LTF#:0.3mm W55t at 277 6.7/6.7
R KEH:5.7mm, L TE:1.9mm I HFHREH 326 7.1/7.1
k3 KEH:2.1mm LEA Ly -] 596 7.1/7.2
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Table 3.2 Velocity structure model for calculating travel times and synthetic waves.

Depth(Top) Ve Vs Density Qr Qs
(km)  (km/sec) (km/sec) (g/cm®)
0.0 1.8 0.8 2.15 90 40
1.4 2.6 1.3 2.20 120 50
2.4 5.5 29 2.60 360 160
4.0 6.1 3.5 2.72 300 150
15.0 6.7 39 2.85 450 200
310 7.8 4.5 3.20 500 300
70.0 8.0 4.6 3.24 500 300

WEIEBOHBOEBIK X Wiz, ROIWEORELBECOEBIIHMBOKRIE L MIRICKE S - THEEDLH 2
A5, B (1972) 12 X A BES DEROFLE L > Th, BEOHIHHEBIFBRRE LTRY L Bbh s, _
REORSEEZ % SPRESMBEL 45, REITBT 2 SPEMICOVTIE 108 (REIE) (94 - k%,
1899), 4% (Ehipdh S RAB E CORME) (FRAKE, 1894) % EOMEDDH 5, HRHAZTEEIC B TS
NTFRGEP LFHARMNBHEIZ6.9~718 (TR E] - [TR274]) 20132100~ 103% ( EES| ) TH 5,
HREG A D GME #EEH 2 S ABN B HIZ, H10BTH2, £oT, ERICBIT 2 SPEMIHTES L VILY
0B THotALNL, I - 1 (1976) 12 & 2 WEHE FOMBEEYSE L LT, Table320 &5 ZlE i
LCHIBDORREET 5 &, SP=TRHICHLT 2 BFEDES IS5 km & 5%, BR% 30 km BN 7> T2EE fi581c
B2 L7 REDRS 345 km & 2 %, SP=10fbE$2 L, BI % EETEEE & TR R b K5 L5
ETENTNRIBORS A7 km, #82kmilk b, FRAZKEOREITI AU I0BTHLDT, F0OBE,
BIFERIIB L 2 1403356 TH B LTk b,
CORROMBRELHEE TR L BHKRIEIE, KEHORALSEROAZVFDIESOABHEEATVE, &
N5 2 Katsumata (1998) 25 E— X ¥ bY /= F 2 — FELICKRO - RIBEORERRE EH L B -v/=F2— FD
fili% Table 3.1127R ¥ Katsumata (1998) TH v % IRIBDMEIFELH (1954) & FIAREDKT 2 55 DB A SRR dve + Any”
DIFOERTH D, TIZT, AuEBIRTOBAEREDO LS, A 3EERSORBEOETSH S, 7 =F 2 —
F&RD212%H725C, Table 3.1ITR L 2R AIRIED X5 % KEB OB AIRIG Y L7z, RIBD/N ST DKFE D
BEREZERLTWERVOT, RRNERMEERTRTTH S, b LEARIED/N SV FORS OEEI R AIRIED
RELFOWBDOIETHLH LT HE, v 7=F2—FiR000IFEKREL %D, 2005 TIREMI.05TH
%o HL, BIA - K7k (1899) 27y L TV A4, — VR UEBZKORIEICHE L CIATEI 2R DEROMEE %
2 TWBHEEZLND,
Table 31I/R L7z~ 7 =F o — FOBB R TEHIIE S £ 55km & L7z3E4TH87km & Li-3aTh 675425, 1B
L, FHCBWTHERBRIZOWTIIHRREREDEDOAZ A, 2B, B (1964) 12X 5 FEIC L2 Lo~
FZFa—FEVWTRORSDEEL66E%5,

(4) REHIBEHBE— 4> b

AR OFRARE BT RN & BRERL BT 22 LT, RESBRUBET— A2 NREEL:, &
LICBEN, ZHBOEEBORYSASSEOBBHIMNHIET 2 LEELT, ThoDF—FbBEL L, B
R EEHET 5 L CIRE L 7245513 Table 3210R L= b O TH 5, BaikHOFEICIZRE (1985 OFEFFIH L
726
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AIPD L — A ¥ 7 REFRBFHIHIIREF I R W0, Kki o I XEABAP O 2R CRLHTHIET TS
LH, FD L) LREFIEA LW (Figure 3.3 (@), Takeo and Kanamori (1992) i3 1923 FE DR KHED L —A > 7
WEFTORE LW 5 LT, WEPICKELZEFREEIS - LTHRELHERL TV, ZOEKOBELIED LS
T EAREEROEH L7 T RE DS % 2 55, Takeo and Kanamori (1992) 127 5y, ROF R EZHBEEIT A LI
XY, B IEEEEE AN,

2 d d2

I TxIMBERROBHEBEE, hidEEER, odik) FOEAEAREE, rTEREE, VidfEE, ydhsrE
Fo h = 0.045, w0 = 2n/6.0 (Morioka, 1980) & U°r & LT, 0.005, 0.01, 0.02, 0.04 m % 5- 2 7-35& D EFHR W % Figure
3.21Z/R¥ o Figure 33 IR MBI L OB 5, BERERICIEr =001 2KE L7 & B, Figure 321081 5%
BB OCBEE— X v MIEM165, ERAT0°, TDAT0°, E— A Y F24X 108 Nm 2KEL TV 5,

RO S % 87 km & L7356 OB & BT O B % Figure 3.3 127§, EMLROFIEICBI) 2 BIER
ML LTV ARBIBOZAROER 2 KE L T\ 5%, Figure 3.3 (b) I</R L F &5 & D GME #EFHZ DWW T
B, ETHOEARRILIY, BRESHZ0052KE L CHRERZHEL WL, BERHIIHEILICAONS
W DEH O RES o 7METH 5,

NI RA=FHREICDH 2o TR, KBOXE-BEERTORAD SNV ADOEEIIZIZBE S NIAMEICR L L, KRE
2B 5KFE) 2 G OBRKIEROLIZIZBAEEOZNICE) 2 &, FRERABICE T L POE 1IEOEIREIE
WSNTAEZIZITHET LI L B L CRERBRLUCBEE— A POKE S OFBE% BATHRMIC S5
L7z, ¥ L7 REMMEE % Figure 34107R T, S TR ERRBEEEHTVS, #HELZHEBE— A > ME24 X
10° Nm (M,=6.2) Th b, &5, B#EE55km& LAHACE, BBE— A Y MI14X10® Nm (M,=6.0) £ % %,

qﬂﬂ&ﬁ%ﬁ@ GME iR OB/ 1048 (B, 1981) L) 22T, LT L ERREEF DbH > TWDEbIiFT

NE - SW

SE-Nw

D/U

—0.005m ,
-------- 0.010m

———0.020m | ]20-0[“"‘]
........ 0.040m L—12.0[sec]

Figure 3.2 ‘Synthetic records for various values of friction. Friction of the Ewing-type strong motion seismograph was very high
[Takeo and Kanamori(1992)]. We adopted the value of 0.01 m as the friction for calculating the synthetic seismograms shown
in Figure 3.3.
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(a)
HONGO

NE - SW
OBS

SYN

SE-NW
OBS

SYN

D/U

OBS W

SYN——"\___

:|20.0[nln]

L__12.0[sec]

b)

D/U
OBS

SYN

:|5.0[nm]
I_IZ.O[sec]

Figure 3.3 (a) Seismograms observed at Hongo, Tokyo, with a Ewing-type seismograph for the event on June 20, 1894, and the
corresponding synthetic seismograms calculated from the inferred focal mechanism. Source-time function is assumed to be a
triangle with 1 second pulse-width. (b) Seismograms observed at the Central Meteorological Observatory with a Grey-Milne-
Ewing-type seismograph and the corresponding synthetic seismograms.
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NP1 165° 70° -70° P 104° 60°
NP2 298° 28°-133° T 240° 22°
N 338> 19°
Figure 3.4 Inferred focal mechanism projected on an upper hemisphere for the event on June 20, 1894. The circle shows the station

of Hongo, Tokyo. Line segments on the diagram show directions of horizontal swing during the earthquake at Kan'nonzaki
(lower) and Nagoya (left).

v, FRAKE D GME BRI OFEEISEDOEER P20 OHE IOV THIRF Lz, BIRES S5 km - &
F20EOHEDIINT A — 5 1XEM182° - HFH82° - TY A8 - -2 ¥ 09X 10" Nm (M, = 6.0), BFHE
&:55km - EFESHOBZ/ED/NT A — 5 IFEMI78" - ERA66° - T H-86° - T— A~ 18X 10"° Nm (M, =
6.2), RIFRS: 87km - EF 20 DHED/NT A — FITEMLI72" - EFA64" - T H-92° - - A2 F 19X
1018 Nm (M, = 6.2), BIFES: 87 km - 53 5EDHE DT A — 5 LKA 173" - FEFA80" - §0 482" - E—
A7 F31X10% Nm (M, =63) BE L HE SN,

NS DERFBCBNFE DTS =F 2 — FERRTUNSREE o T 5, RIBEFOFHESNEY T =F 2 —
FOEICHRDEVEDM, 2 HF20, TR6OFDOM,OBRKOMEEEZ 52 2 EE8Tkm T, PREKEDOHES
DERZELABD oG8 TH L, RIFEPLOEESNLI YT ZF 2 —FLEE—RAV MY T ZFa— FOEI/HAEN
EVH T ehD, B TCSAITEITkm TH o L RENBNEEZ %,

Brune (1970) I25Evy, My=or* (18/DE L, $72, r=Vstk$HE, M=24X10¥ NmIZHE$ A X FL X Fay
T o=10MPa(#100bar) £ %25, S TMIBHEE—A Vb, riZARZ T v 7 ORE, VISERE, TIXEBE
B CTH 5o MBERMBROMBERMEIC OV TENWICRIEBT ST O NIER, MR CERT 2 M/ 2M31E
—52 (1 X 10" m/sec’) TH 2 Z & 5 1< & 17z (Kikuchi and Ishida, 1993) & DHETIE My/T° i3 B & %2 X 10
BEOELRY, FHHRMEICENEECRERETHY, KEZSNRTIZORBORMEEL 5,

COWMEIL, BEIHBTkm LEXLLGE, KFEATTHARHTREELLDDEEZONS, BEBERI ST
down-dip extension ¥ £ 7 C# %, Figure 35ICHED Z OHIBOWMEBEE #7RT. BIE/NNT XA — Y IIRBTOD DI
X ofz, FERIEHEIL (1997) IC kB 705 A% L7, Figure 3.5 DRITER B ORMITAL D S-P = 7R 105
DBFEDESPRTH 5,

WHEILE 2 FEEPIFICHT TORE0km ~85 km P Tid 74 JEVlET L — b DEBTHRARDATE
ETV— MARTIER ICHRIEB ONER L A D 5o BEEILE A S FERAHED 70 km ~ 80 km TlLE kB R D
down-dip extension ¥ 4 7OMBIPHEL (BEL TV b, AESROMBIEIENBOMBTH 5 2 L i3 FIZME L
<, BEDY) OEMAHBRE 5 1 T D% (G- HIT, 1990) KFHETL -7 1)V EVET L — b OBREMED
WEEIZ, PRWEPELS, LI L, down-dip extension ¥ 4 7 TH Y, BEPHIZH) BIEOE XS0 km BB E
THo725EIE, AENROMBIIREEILES? S TEEFRBICPT COBBEBOEBRORTFTHICBWTREAEL
ZL72EERZTY, TOEBRDIENHEFBEEIRVEREDbNS, £/, BRCETO THEHICETAHBOTEELH 5,
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Figure 3.5 Seismicity around the inferred hypocenter location of the event. Broken lines denote iso-S-P lines for S-P=7 seconds and
10 seconds. The event is considered to have occurred inside the subducting Pacific Plate or the Philippine Sea Plate.

ZOWEIPERSHE kmFHETH o HEICHEKRFESL - e 740V EVH T L — FOBREMED L WIZ T 4
VEVETL— FABTRELLZL LR D, ZOBAICE, KEESLV—- L OMERET, 74V VBT L —
FOWFRTRELBBLEZ DO ELEBDbNS, 2B, I - H5T (1990) &, ZOHETEH, 71V EVilES
L= FARRE RFET LV — MR (F 7 MVER) CIRIEWEB Y £ TOMBOIRELTWLE LTV,

COMWBEFEEFH T IZSATITONIAEHEICBVT, 4 cmOEBEF#EE STV S (ELbBE, 1972, W
EORRSZ55km, MIBORIK{PIREE ZNEN8km, T XDE#0.34m, BIHEE%E65X10°Pak LT, Okada
(1985) 2 LEIE SN B LEDEIZ 1 mmBEDETH S, LLAREENILHBE— XY POKE SRR ET
e LTH, WRICKZWBEIIC I VBN S -BREB 2 5T 5 LR>ATHREEBL S, ZOMBEHOE
BHWERENCHL L TEHFREEEZ S,

Bb)IZ

18944 (BHIB274E) 6 H20 H IS I # B 5 - HBICOWT, THITOBMRKR L BBERREABLT, BE -~
SFa—FEERETHIELIIE, REBEBERUHET— AV F2EEL. COBBRIATFETL— Md LW
TAVEVET V- PHORREVENBEOMETH L, ARETE, BREHBOHEZ BV THIE - KEHOR
CHREREREOWH O 70, %0 BB BREMNEE B 5 LERBANOT— ¥ SADRBTE 52 &
DHEPD 6Tz, (FB5 [ B 58)

(5)
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3.2 EvIEHE (19215)
(1) ’}LoIc

192148 12 A1 8 12, JEOUBMERA diic, LREREH - MR - EROBNEORES I L REFREL TV
(1, 1922a ; £, 1996), COMBRIBERFKBEE 7 GHECTho/z Sh, [ErIFHE] L@KIsZ
LHH B

FEEE (hRR4R, 192D) HRBEOMER 358N, 140.1'EL LTw5, TOMEICIS0KEOREI B SN
2L LTWah (MRERE, 1921), 41U (1922b) X SPHEMA AW TREARF L CBY, BRE [HMIL—SH—5m
—EH—ME O] L LTw5b, 411 (1922a) SHSE 12 EFT ORIB) F I OGS D Wi LTV 5,

BE (1973, 1975) i, HIH - KA - $hF1C BT 5 SPEMEE W CREFE 247> T b, FIE (1975) 27872 BIF
fr81%, 36°04'N, 140°10'E, H:53 km<Ta 5, Figure 3.6 \CHH (1975) Ot L7 BRALE + BATRY . 45,
Figure 3.6 H DT FIIFAT L 2 HBERDE O NIRRT RFOBH Th b, A6 (1973) X 10BOABDF— ¥ I2HKD
ERBEOTVPYHLRFEMLBOWRELZT > T b, REOFHHRAMEISABOAME L Y S30° EOFIAIC30 km T h T
VB RS, WBHEOETREOHACHLDTIEVEL LTV,

COMBOVT ZF 22— FIZOWTIE, FE 19791370, BX (1975)126.7& LT 5,

(2) MK ECH

RERFHARPUER L COBBOBBEFICBVT, COHBORIGYN TV LRZVWHRBIENTHE I TN,
BT & OBD TRE L & 2 5N R IARE 1973) H°SPEMEZMITL T 5 [HE2E| LEPNERLSRE
DRAMOBEROER L, 24N EBEHORLLETH 5,

139°40’E 140°E 140°20°E

%

36°20°N . 36°20°N

3< < ‘
| | o %3 ‘% .
i » AN ‘

NTe 35" 40°N
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KRy
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Figure 3.6 Epicenter of the Ryugasaki Earthquake (1921) estimated by Ishibashi (1975). A solid circle denotes the location of the
epicenter, and a cross denotes the location of the station where the seismograms shown in Figure 3.7 were obtained.
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Figure 3.7 Seismograms observed at the University of Tokyo on Dec. 8, 1921. The magnification is 1.5. The natural periods of the
S/N component and W/E component seem to be 26s and 39s respectively from the periods of coda.

Figure 3.7\ #8 1.5 O REMOMER ORLR T RT . £0a— ¥ —HOFEMH» 5, BIBIOEAFEIZ26% -
WEELIE 114, RABOEAFINL9M - MITELIZ 12 THE e dhtNnid,

(3) RHEHBEHBEE— 4> b

Figure 3.7 DL 6, KPEOPHEOMEIHERME THAI LPHTENS, ETEE LTI LAEDLE &
%o LA EOPHEMENTSHAGREET O ETEORER, 41U (19222) OWEOWMED S DR TE S, HEEHD S
WOMBIEBE L o> Twd, MILEIOSHEIZDOWTIE, 7SV AMRIENEREIZHEP > TWb, SEOWE)ITH
25, THNIEER L CERIED? S RCHEAEICH A EAHESNL, PIEOABFIAICFIEZR L, KEHDS
WEITE L TR HATE S &) 2B L, BUTHBENICHERER OB oHEE L7z, Mk
Wa s T 200, 18 - M (1976) 5512 X 2 HEUHIE T oMM E+2£ L LT, Table 320 & ) 22 e L7z,
BB ORHEIIIRE (1985) 12 X A MERUEBEOWIERTEO 70 75 A 2RI L, RERZE L7,

HesE L 7o R IER % Figure 3.8107RT o Wi/ /8T X — #I13EM132° - HAL79° - TNV A54° & L7z, FiE (1973)
DS EL v ERED, KELFEERVHERLES X %, Figure 3.81213 401l (1922a) 258 L TV 2 I8 A
BOF—%H 70y ML TWwWh, Figure 3.8IZBWTLT LAMEHIHIOT— 7 2MET 5L L id o Tk
Vo B0 - ERIT9° - TXUH60° LT AL, PHEOHBIHIIIICOWTIZITWMET 525D L2570, BHILBDOSHE
DWHDPIDF LT LT, EAS LN SEOMBEEFIEL T 5o

BURETE & BERIETZ O i % Figure 3.912/R T Figure 3918 L7-BHIE L, Figure 37 R LR EEZ T 1Y
FAALT, MIMEXBLAZbDOTH S, MEFHOMOREIZ120 cm Z2KE L T 5 EiRRFHBEZIIIE32H O
ZAREGEL TV A,

B OB S PB4 O SR HI O [ CHB T IE OB ATRD b b, BUIBIE & BRIk
FHORBIZBWT, WESOLHBEOIRIE L SHIRIEEZEGHLEL L)L THEE—- XV MREE L, #EINL
WRE— XY M, #94.5X10° Nm (M, =64) TH %o BB ONTE SV AWEESRSNEH, TD/VA%
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Figure 3.8 Inferred focal mechanism projected on a lower hemisphere for the event on Dec. 8, 1921. The plotted polarities are
according to a report of Ushiyama (1922a). .
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Figure 3.9 Comparison between observed and synthetic records for the seismograms shown in Figure 3.7. Contribution of the near-
field term is recognized in the record of the W/E component. Source-time function for the synthetic records is assumed to be
a triangle with 3.2 second pulse-width. The focal mechanism in Figure 3.8 was estimated so that the synthetic records would
mainly represent observed features of the W/E component.
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AATES L) REREB L E o Tk, HL, MIENIHEESICHE L CELOB L VWEEERS 2 &ATS
D, BEEBT7 ANV —ICEVRBLIGEGEBET S L, KEROVANLRIERIIEELAT, HIBREMAKIND
EEZLND, &8, BB, BAP4BRHBROREO LS 2EFEO RSN, BREFBICBVWTRIERSA
TW 2V,

BEENIE- AV I T =F2—Fid, FEA79) L2 DB 1975) 1L B 7 =F 2 — FOMEE T
MEL o T5, FEOPERELS km/s LINET S L M, =6TRENEL LS, HET— A ¥ FOBEIREEE
RIRET HHEEWEICD LY, HOBREOEMHEDOUWRELTEIXTE RV,
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Figure 3.10 Observed and synthetic records for seismograms obtained with an Imamura strong motion seismograph. Focal

parameters are the same as those for Figure 3.9. Major features of observed seismograms are common in the records in Figure
3.9 and Figure 3.10.
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Figure 4.1 Map of stations which are available in satelite system. Crosses denote stations of short period seismometers; solid circles
denote station of broad-band seismometers.
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Figure 4.2 Paste-up of vertical components of broad-band seismograms for the event which occurred on February 21, 1998 in the
middle of Niigata Pref. Dashed lines denote the calculated travel time curve of P and S waves using 83A structure.
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Table 4.1 Velocity structure used for calculating synthetic waveforms.

Depth(top) Ve Vs Density Qr Qs
(km) (km/sec) (km/sec)  (g/em®)
0 5.50 3.18 28 300 150
5 6.10 3.52 2.5 400 200
24 6.65 3.84 2.5 500 230
40 7.79 4.50 2.6 - 500 230
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Figure 4.3 Epicenter and stations used in the analysis. Circles denote the broad-band stations whose waveforms are used. A star
denotes the epicenter of the analyzed event which occurred on September 8, 1998 near Choshi-city. The depth of this event is
37 km.
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Figure 44 Diagram of derived mechanism for each station and variance reduction. Horizontal axis denotes the variance reduction.
The two numbers on the right side of this figure denote magnitude and time shift.
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Figure 4.5 Best solution of this analysis. (a) focal mechanism of the solution. (b) the comparison between observed and calculated
waveforms. The solid and dashed lines mean observed and calculated waveforms.
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Figure 4.6 Focal mechanisms derived in this study in Kanto district.
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UltaraSPARC Processor — [ N
1 MB Ultra cache T—FEENEER
128 MB 2x2.
1 6B 7200 RPM Internal
Fast/Wide SCSI-2 Disks,
644-MB Internal Sun CD$
4-8 6B 4mm DDS-2 Tape
Unipaek with 68 to 68 pin SCSI Cable
20-ineh Color Monitor,
Turbo6Xplus Frame Buffer and Cabl.
Shus SCSI Host Adopter

NEC EWS4800/320PX2
1 CPU, 32MB Menory, 1.056B Disk
21-inch Display, JIS Key-Boad, CD-ROM

Figure 4.7 Configuration of data-base development system. The system consists of three workstations for data communication, high-
speed data processing and high-speed data retrieval, and has a CD-ROM changer/writer and a 25GB external hard disk.
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Figure 5.1 Comparison of observed and synthetic volume strain waveforms at YUGAWARA station for the Jan 4, 1998 Loyalty Islands
earthquake (M, = 7.4). )
Upper left : Epicenter location plot (solid triangle) based on an azimuthal equidistant projection centered at the station.
Upper right: Station location (solid circle).
Middle . Hypocentral information.
Lower :(1) Raw SP record. (2), (3) Lowpass-filtered (£, = 0.015Hz) SP & Atmospheric pressure. (4) Lowpass-filtered SP
corrected for atmospheric pressure effect. (5) Lowpass-filtered synthetic waveform.

— 113 —



KEWEPBATEE $40% 2000

¥ ORI DS REC 2 5 72DT, ThETIHOMICE o BRI GBI - fl, 1997 ; &), 1998) 2B~ %,
b) HEFDEHE

TRERAAEEL, 1A0HFORLZZESCHA UEROREE L 2ARBLLVATATHE, COVAT A
REvEr - BMEL7-EEE, i, 7) BINERLLEBER ORI HESE CREROD 5 ERLESAHERICL 5
EEAORNE LB TS, 1) BEOEVICL HENLZ EORBEROZEORCERND, V) VAT L8 - &
B2 s8R Y, 2ROHFZIY TN PRICHRBOEFTLRET 256 L HTERMICHR S, ZLT,
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Figure 5.2 Internal structure of Double Coaxial Borehole Strainmeter (DCBS). Fundamental design is based on the Sacks-Evertson
strainmeter. Upper and lower sensors are identical with each other except for cable alignment: the cables are divided into
components which bypass outside Amplifier block and go through Dummy steel in Sensor block. A: amplifier block. S: sensing
block. SO: silicon oil. D: dummy steel block. V: valve for pressure-release. DT:. differential transformer. B: bellows.
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Figure 5.3 Installation of a DCBS. (D First stage: Putting the upper and lower sensors in a borehole, keeping connection of the sensor
coupling. @ Second stage: Grouting the lower sensor with expansion cement. (® Third stage: Grouting intermediate layer
between the sensors with normal cement and maintaining mechanical isolation by inserting a several-meter-thick bentonite (a
kind of clay) layer. Forth stage: Grouting the upper sensor with expansion cement.

i
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Figure 54 DCBS station at Odawara (double circle) and the JMA volume strainmeter stations in the adjacent area (solid circles).
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Figure 5.5 Geological structure around the DCBS borehole. Upper sensor is installed in soft Tuff layer, and lower sensor, in solid
Andesite layer.

CPU PC9801vm11
NTT

Rs232c— MODEM %
Clock

— T
Timer JJY

Status (out) | Dual
Control (in) | Coaxial

Borehole
LP,SP,Temp. Strain-

A/D |Relay| PIO | RAM

(x2) meter
Temperature,
Pressure, EnVil’Onmental
I

Precipitation, | QOpservation

Water level, etc...

Figure 5.6 Overview of the system for data acquisition and transmission. The data of the strain and the environmental factors (rain,
temperature, atmospheric pressure, etc.) are acquired by a personal computer (NEC PC-9801vm) through 16bit A/D board,
and temporarily stored in the internal storage (RAM or HD). The stored data is transmitted to MRI (Tsukuba) once a day
through the public telephone line. Time is corrected by JJY time-code signal. The DCBS can be remotely controlled through

the telephone line for changing sensitivity, opening valve, calibration, etc..
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Figure 5.7 Outputs from DCBS from 1990 to 1998 (hourly value). Eq. shows the earthquake that occurred in the north (M5.3, March
1996, epicentral distance 30km). Upper arrows indicate irregular changes due to unstable coupling between the sensor and the
surrounding media, and lower arrows indicate those due to instrumental origins.
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Figure 5.8 Temporal change of the frequency of strain-steps that occurred irregularly (daily number).

Table 5.1 Miscellaneous constants on the DCBS.

Upper Lower
Depth (m ’ 114.5 180.0
Temperature Coefficient (x microstrain’C) 64.0 0.3 70.0 0.9
A.Pressure Coefficient (x nanostrain/hPa) 7.6 0.9 4.7 0.6
Sensitivity for Surface wave (ratio) 0.65 1
Sensitivity for Earth tide (M2) 1903 4.4 0.0
Rock of sensor-installed layer Tuff Andesite
Young s modulus (x 10GPa 14 0.0 72 0.9
Poisson ratio 0.34 0.03 0.29 0.03
Stainless Steel .
Young s modulus k10GP2 20
Poisson ratio 0.30
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Figure 5.9 Outputs from DCBS at Odawara and from the Sacks Evertson type BS at Yugawara from January 1996 to May 1998.
Upper sensor shows expansion whereas lower sensor shows relatively steady contraction that resembles the strain changes in
Yugawara.
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Figure 5.10 Outputs from DCBS at Odawara and Yugawara from January 1996 to May 1998. Trend of output from upper sensor is
adjusted to the other strain changes. Characteristic changes for the period from a few days to a month are very similar, which
can be attributed to rainfall. )
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Figure 5.11 Outputs from DCBS and the differences (all trends adjusted). Changes due to rainfall can be largely reduced by taking the
difference between lower and upper sensors. ‘
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Figure 5.12 Outputs from DCBS and the differences from 1994 to 1998 (all trends adjusted). 'A' indicates irregular changes due to

instruments. Trends in outputs became clear after March 1996.

Figure 513 Fourier spectrum for outputs of DCBS. Quality of data from lower sensor is higher than that from upper one. M2 is a
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Figure 5.14 Temporal changes of mechanical responses in DCBS.
(a) Sensitivity for the M. tide
(b) Response to atmospheric pressure (in nano strain per 1hPa).
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Figure 5.15 Interpretation for simultaneous but reverse changes of trends in DCBS. As the horizontal stress is applied to a hard
layer around the lower sensor, a tensile force is generated around the upper sensor by bending the lower layer with an upward
curvature.
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Figure 5.16 Seismic activity in western Kanagawa, eastern Yamanashi and the northern end of the Tzu peninsula. Frequency of
earthquake (M >1.8) increases after the earthquake (A5.3, March 1996) and quiescence begins in late 1997.
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Figure 5.17 GPS Stations distribution. TSUKUBA is located on MRI campus, OKADA and MERA are located at the tide gauge
stations of JMA.
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(a)

Figure 5.18 GPS station view (left), and GPS antenna close-up (right). (a) TSUKUBA. (b) OKADA. (c) MERA.
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Figure 5.19 GPS antenna pillar design. (a) TSUKUBA. (b) OKADA. (c) MERA.
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Figure 5.20 Instrument settings in the MERA tide gauge house. Top: GPS receiver (right) and modem (left). Middle: UPS (right) and
power/signal unit (left). Bottom: antenna cable.
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Figure 5.21 Schematic picture of the data flow in GPS observation system.
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Figure 5.23 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to TSUKUBA
from October 1996 to March 1999; analyzed with Bernese GPS software.
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Figure 5.24 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of MERA station referred to TSUKUBA from
October 1996 to March 1999.
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Figure 525 Changes of standard deviations. Solid circle and open square denote deviations of OKADA and MERA. Solid line denotes
deviations with tropospheric delay estimation and broken line denotes the case of no estimation.
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Figure 5.26 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to TSUKUBA
from October 1996 to October 1998 with (gray) and without (black) an estimation of tropospheric delay.
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Figure 5.27 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of MERA station referred to TSUKUBA from
October 1996 to October 1998 with (gray) and without (black) an estimation of tropospheric delay.
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Figure 5.28 Latitudinal (top), longitudinal (middle), and vertical (bottom) displacements of OKADA station referred to MERA from
October 1996 to March 1999.
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Figure 5.29 Analysis of monthly mean sea level difference between the tide stations at Mera and Okada. Top: Change of sea level
difference and trend component. Second: Rate of vertical movement at Okada relative to Mera. Third: Seasonal changes.
Bottom: Irregular noise component.
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Figure 5.30 Monthly mean vertical component of GPS observation between the sites at Okada and Mera.
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Figure 5.31 Annual mean sea level differences.
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Figure 5.32 Changes of baseline length on Izu-Oshima island and the frequency of volcanic eathquake (from Oshima Weather Station).
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Figure 6.1 Increase (+) and decrease (~) of the Coulomb failure function caused by the 1984 Western Nagano prefecture earthquake
(MB.8; thick line) and the distribution of the largest aftershock (M6.2; large circle) and its aftershocks. 1 =0.6 is assumed.
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Figure 6.2 Increase (+) and decrease (—) of the Coulomb failure function caused by the 1978 Izu-Oshima-kinkai earthquake (M7.0;
thick line) and the distribution of the main shock (large square) and aftershocks of the 1990 earthquake near Izu-Oshima Island

(M6.5). p.= 0.6 is assumed.
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Figure 6.3 Epicenter distributions of the 1958 and 1963 Etorofu earthquakes (8.1, M8.1), the 1969 Hokkaido-toho-oki earthqualke

(M7.8), the 1973 Nemuro-hanto-oki earthquake (M7.4) and their aftershocks. The PDE catalog is used for the 1963 earthquake,
and the JMA catalog is used for the others.
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Figure 6.4 Schematic illustration of a geometrical relation between a thrust fault (a) and a secondary normal fault (b).
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Figure 6.5 A bird's eye view of the plate structure in Kanto District.
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Figure 6.6 Axial compression in a chain of arcs. White arrows indicate oceanic plate motion; small arrows, relative motion between
oceanic and marginal sea plates; and double arrows, motion of marginal sea plates C and B, relative to A (after Matsuda and
Uyeda, 1971).
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Figure 6.7 Epicentral distribution of the shallow events.
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Figure 6.9 The five types of earthquakes that occur in Kanto district proposed by Okada (1992).
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Figure 6.10 Proposed plate model including Miura-south Boso block. Small arrow shows the motion of the Philippine Sea plate, and
white arrow shows the relative motion of Miura-south Boso block to the rest of Kanto district.
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Figure 6.11 The fault model of 1964 Alaska earthquake and its displacement of the ground surface (after Yonekura and Ando (1973)
modified from Plafker (1972)).
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Figure 6.12 Depth contours of the upper boundaries of the PHS and PAC slabs (Ishida, 1992).
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Figure 6.13 Area for FEM model in this study.
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Figure 6.14 The contact area between PHS and PAC assumed in this study. Depth contours of the upper boundary of the PHS are
also drawn.
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Figure 6.15 2D division of geometry data. The dotted area should be filled with a Wedge element.
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e 6.16 Geometry data for FEM.

Fi

Figure 6.17 FEM model of Kanto area. The Continental plate, the Philippine sea plate, the Pacific plate, and the athenosphere are in

different colors.
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Figure 6.18 The modeled area is surrounded by a solid line. The area surrounded by broken lines corresponds to the areas shown in

Figures 6.19 to 6.22.
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Figure 6.19 Stress distributions on the upper surface of the slab derived by means of the FEM for a forced displacement of 10 cm
applied to Top; the southeast side, Middle; the bottom, and Bottom; the northwest side of the PHS slab.
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Figure 6.20 Stress distributions derived by means of the FEM for a forced displacement of 10 cm applied to the southeast side of the
PHS slab. The number in each figure indicates the forced displacement applied to the northeast and southwest sides of the
PHS slab.
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Figure 6.21 Stress distributions derived by means of the FEM for a forced displacement of 10 cm -applied to the bottom of the PHS
slab. The number in each figure indicates the forced displacement applied to the northeast and southwest sides of the PHS

slab.
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Figure 6.22 Stress distributions derived by means of the FEM for a forced displacement of 10 cm applied to the northwest side of the
PHS slab. The number in each figure indicates the forced displacement applied to the northeast and southwest sides of the
PHS slab.
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Figure 6.23 Distribution of ACFF(Pa) near surface by the heterogeneous model. In the shaded zone, ACFF is negative.
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Table 6.1 Material properties of the model. E: the Young's modulus {in Pa). v: Poisson's ratio.

Name of region E(X 10') v

Upper COP 0.8 0.25

Lower COP 1.2 0.25

Upper PHP 0.8 0.25

Lower PHP 12 0.25

Upper PCP 0.8 0.25

Lower PCP 12 0.25

Athenosphere 0.1 0.25
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Figure 6.24 Difference of ACFF between the heterogeneous model and the homogeneous model.
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Figure 6.25 Distribution of normal stress (Pa) on the upper boundary of PAC. The shaded zone indicates increased compressional
stress.
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Figure 6.26 Aftershock distribution of the 1923 Kanto Earthquake (September 1 to September 30, 1923).
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