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(2) Rk 15 FEEDRR

(2-1) Scaling of Radiated Energy for Intermediate Depth Earthquakes

Mori James Jiro (HUEBIRZERLSMFFEHT)
mori@rcep. dpri. kyoto—u. ac. jp

(a) EBOEK

As a continuation of the study of energy scaling that was done last year, we looked at
the 2000 Geiyo and 2003 Miyagi—ken—oki earthquakes, which are intermediate—depth intraplate
events. The radiated energies of these earthquakes combined with previous results, show
an energy scaling as a function of earthquake moment, that is similar to shallow earthquakes.
The similar radiated energy levels for the shallow and intermediate—depth earthquakes is
rather unexpected, because the stress drops of intermediate—depth earthquakes are thought
to be higher than for shallow earthquakes. The similarity of the energy scaling for these
two groups of earthquakes, despite the difference in stress drops, indicates a difference
in seismic efficiency, which may be related to rupture velocity. Understanding these energy
levels is important for evaluating the strong—motions from damaging earthquakes of both
shallow and intermediate depths.
(b) ZEH5 D AR

We estimated the radiated energy for two intermediate—depth intraplate earthquakes, the
2000 Geiyo and 2003 Miyagi-ken—-oki The radiated energies were calculated using the
integrated velocity-squared seismograms (e.g. Kanamori et al., 19931)) from Hi—Net and
KiK-net stations that were located within an epicentral distance of 200 km. For the Geiyo
earthquake 88 K-Net and 85 KiK-Net stations were used. For the Miyagi earthquake 79 K-Net
and 43 KiK-Net stations were used. Figure 1 shows an example of processing the acceleration

records to obtain the level of the integrated velocity—squared value
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(sec)
Figure 1. Example of processing acceleration seismogram to obtain integrated

velocity—squared value
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Figure 2 shows the values of the integrated velocity—squared plotted as a function of
epicentral distance for the Geiyo earthquake. These values, with a correction for distance,
are proportional to the radiated energy. For a given distance there is quite a large range
of scatter that can be attributed to several effects, such as radiation pattern, site effects,
and structure in the crust and upper mantle. The site effect likely has a large influence

on the amplitudes in the frequency range, so site corrections that were independently

determined (Kobayvashi, 20012)) were used to correct the data.
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Figure 2. Integrated velocity-squared values for the Geiyo earthquake plotted as a
function of epicentral distance. Distances less than 200 km were used in this

study.

The radiated energies for these two events are plotted in Figure 3 with the results from

smaller events that were determined previously. One can see that there is a fairly even

trend of the radiated energy as a function of earthquake moment for the range from 1014

to 1020 Nm.  This range of moment corresponds to a range of magnitudes of about 3.5 to 7. 0.
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Figure 3. Radiated energy values for the Geiyo and Miyagi earthquakes plotted with other

intermediate—depth earthquakes (Kim, 20013))

Figure 4 shows the results of the energy estimates of for both shallow (red) and
intermediate depth (black) earthquakes (Kobayashi, 20012), Kim, 20023>). The two trends
appear to be very similar. This is rather surprising that the earthquakes for the two
different depth ranges have similar values. Since the stress drops of intermediate—depth
intraplate earthquakes are generally higher than for shallow earthquakes, and the higher
stress drops are expected to generate higher levels of seismic radiation.
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Figure 4. Radiated energies for shallow (red) and intermediate—depth (black) earthquakes

To investigate this problem more carefully, we examined the slip distribution pattern
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of the Miyagi earthquake. The slip distribution shown in Figure 5 was determined from
inversion of local strong motion data and teleseismic P waveforms, using a multi—time window
least—squares inversion (Heaton and Hartzell, 19834>). The slip is largest near the

hypocenter and extends over an area of about 25 x 25 km2. The rupture propagated generally

to the north on a north—south striking plane that dips steeply to the west. The maxmum slip
near the hypocenter is about 8 meters.

From this slip distribution and the size of the fault, we can calculate (1957 5>) an average
static stress drop of 6 to 12 MPa for the Miyagi earthquake. This confirms the relatively
high static stress drop for this intermediate—depth event. The static stress drops for
shallow earthquakes are generally in the range of 3 to 7 MPa.

If the static stress drops are higher for intermediate depth earthquakes, but the radiated
energy is similar, this implies that the seismic efficiency (ratio of radiated energy to
total energy) is lower for intermediate depth earthquakes. At this time we do not have a
good explanation for this difference in seismic efficiency but it may be related to
differences in rupture velocity. This is an aspect of the problem that we will study in

the next year.

(c) Fim7z b TSR OB

The preliminary results of this study suggest that the levels of radiated
energy (which are related to the amplitudes of seismic frequencies that are
relevant to strong—motion studies) are similar for shallow earthquakes and
intermediate—depth earthquakes in Japan. This is rather surprising since the
stress drops of intermediate—depth are higher than for shallow earthquakes. This
is an important issue to understand for evaluating the strong ground motions
from intermediate—depth earthquakes, such as the damaging Geiyo earthquake.

The difference in seismic efficiency of shallow and intermediate—depth
earthquakes may be related to earthquake rupture velocity. If this is the case,
understanding the effects of rupture velocity will be important for

strong—motion studies of both shallow and intermediate—depth earthquakes.
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EV, ZORERITAF THONTEVHEOR G LIEFICR LTI Y . 20X 5 AefElEd
OO E BRI LD TH L AR L RB S D,

AWITHRER L G T DM FAER DD D — 5T, FRABIERIEA Y MVREIHEE— A hD
1/3 FIZHMBI LTI Y, 2720 JRWE— A 2 MPHIZ DTz > THIEOHEMER KL L T D &

HRMRE B REINLTND Y,

M FIEFICREABOMERLE DHEE SN D, RAMHEICET 2 BRI COREE
PR E O IE IR S IR E R < EATRE CThH D720, M, OHEEMITEFER &V, £

2K LT, BB L — O A BRI A X7 NV R 5 A B o MR Eh Rk A T3
HZLICEoTROONDTZD, BREREE COBESCBIAFFEORENEH LV, BRICET 5
Q ECHEEIEIE R ORE I A0 Z O F EFHURRE — 3L F —LEEA YR A X7 bV OHEEEIC
BAL, HEEMEOEEMEIIM ) [T D &0 VIRV, Loy LI o MRS O R 12 L - T,
R B = L — LR IEIR A X7 RV OHEE RS EIIREERIC M B U, BlIX, ARRFSE
T2 Te AT MV E W 2 FIEIFHIER R B = L X — OB HIRIR A X7 b L2 RgE R < HEE
THDIZIHE L TG 1220

KHE &/ NFEORNTITAEMER KL L T D D5, T & bR TW D00, fih
TWBELELZZICED L) B RERN D D ONnEE A LHEET S Z 21X, koK

PSRBT A T T 27O b EETH D, ZOMBEOMRIILE RN 2025 ThH A

D, AWFED XD ITBHFRLFESR LT TS ZENRRETHA 9,

(c) Hhwm7e b N4 % OFE

IR e e R U W AR VR M, S L OVE SRR AL S Mk CH8 AR L 7o iR I DU T K-NET
& KiK-net OFREEFLGRZ f#HT L C, FERABIEIE A7 FAVGRE L HIERE— A > F OBEFRICHOWT
TRTe, TORER, T D OHERIC OV CTIXHIEE OB DS BB I IZENL L TR 2 & 23
LMo T, REWVHIEBO N, BALE—A 2 Y0, L0 E< omEEMEE T %L ¥ —%20k
HLTWwas,

HHANZ OREITZ Z TR L7z 3 DOHUERE (A ARNREETHRAET 2EVHE) 250\ T,
FERONTHPH (M, =3.3~6.6) OBBEOHEIZOWTOMRRETHD, HEOHEMEN T
BEMNI) BLLTWDLZEEBTETHHOTIEARW L, Tl E et NEAM2RES
TR DT DITES > TND Z EIERIEW RV, L L, Bl S 7o/ g RLER ) b KB ek %
BT DG EICERRFEEM A BE T D & KHE O E W R S) 28/ Nl 2 AleetEs & 5
TEaRH L TR BERDHDLTEA I,
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DOF =R I TCWEEEE L,

(d) FIHCHR

1) Aki, K.: Scaling law of seismic spectrum, J. Geophys. Res., Vol.72, pp.1217-1231, 1967.

2) Kanamori, H. and Anderson, D. L.: Theoretical basis of some empirical relations in
seismology, Bull. Seismol. Soc. Am., Vol.65, pp.1073-1095, 1975.

3) ARFRI, =Fil&E : T OBIEOET Vb, HTFIHER 545, No.37, pp.62-77,
2002.

4) Kanamori, H. and Heaton, T. H.: Microscopic and macroscopic physics of earthquakes, in
GeoComplexity and Physics of Earthquakes, AGU Geophys. Mono. 120, edited by J. B. Rundle,
D. L. Turcotte, and W. Klein, pp. 147-163, American Geophysical Union, Washington, D. C.,
2000.

5) Kanamori, H. and Rivera, L.: Static and dynamic scaling relations for earthquakes and
their implications for rupture speed and stress drop, Bull. Seismol. Soc. Am., in press.

6) BhSKERVEEANBFFERT: K-NET 7R — AX—3 (http://www. k—net. bosai. go. jp/).

) BB R ZEAT . KiK-net @R —A~3— (http://www. kik. bosai. go. jp/).

8) B SKEL2EANIIZERT: Fnet O —2b~2— (http://www. fnet. bosai. go. jp/).

9) Kanamori, H., Hauksson, E., Hutton, L. K. and Jones, L. M. : Determination of earthquake
energy release and ML using TERRAscope, Bull. Seismol. Soc. Am., Vol. 83, pp. 330-346, 1993.

10) Mayeda, K. and Walter, W. R.: Moment, energy, stress drop, and source spectra of western
United States earthquakes from regional coda envelopes, J. Geophys. Res., Vol. 101,
pp. 11, 195-11, 208, 1996.

11) Izutani, Y. and Kanamori, H.: Scale dependence of seismic energy—to—moment ratio for
strike—slip earthquakes in Japan, Geophys. Res. Lett., Vol.28, pp.4007-4010, 2001.
12) Ide, S. and Beroza, G. C.: Does apparent stress vary with earthquake size?, Geophys.

Res. Lett., Vol.28, pp.3349-3352, 2001.

13) Irikura, K. and Kamae, K.: Estimation of strong ground motion in broad-frequency band
based on a seismic source scaling model and an empirical Green's function technique,
ANNALT DI GEOFISICA, Vol. 37, pp.25-47, 1994.

14) JRHFES, HEPE, B BRI E BE L HEROY I 2 L—a VR E, EARY
SEm SRR, 55 507 5/1-30, pp. 209-217, 1995.

15) KATEME, JRHEMER, REIET: MRmr 7Y — o BEE W mEE ORI A RiE & £ 0
BAEDIIC X 5B ST A — 5 DB, ISR /EHCE, Vol.1, pp. 595-606, 1998.

701



16) Izutani, Y.: High-frequency source spectral ratio between large and small earthquakes
Proc. 10th Japan Earthq. Eng. Symp., Vol.1, pp.697-702, 1998.

17) #umZE, WA, DNERRF— @ SRERFCERIC LD < ALMHE 0 DRSS HUE O R EN U
DR, BAREESHEIE R ICHE, %560 5, pp. 67-73, 2002.

18) 2, WATHEZ, DEEROF— @ SRERGCERIC IS < BALHL ST JE O o0 URRs HILE O iR Eh A ek
Gy DEIEERE, A ARSI RE Rim S, & 572 5, pp. 39-46, 2003.

19) M5, NS, EREP, A% BiEOFE—HFETXVBEE T VN RE S LD EE
L ~1 LAY A BGEIC K D 3REE T IO 720 ORIFREE D€ 7 b, ARG S
WG R CHE, #5545 7, pp.51-62, 2001.

20) Hough, S. E.: Empirical Green’s function analysis of recent moderate events in

California, Bull. Seismol. Soc. Am, Vol.91, pp.456-467, 2001.

() MO IHE - NFIELRS

= E4 RFEg FEEAH
R KHE &/ NHEDOLMEICRET 2 | AR 58 EAERZFAN | Rk 15 4 9
ey = e H 24 H

(f) ¥reritihE, Y7 bUxTBH%E, Ak - IEEEORE
1) Ryt HIRE
L

2) Y7 hyx= T B%
L
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(2-3) S PRI AT F IV OREEE L fEH TR TR B84 24158
A 55 (EimE R RFBE P A TR
sasatani@ares. sci. hokudai. ac. jp
AT BT (AEHE R R BB A SRR

tmaeda@ares. sci. hokudai. ac. jp

(a) EH DEH

VTE T a =BT AMED S WEIR AN MVEET H7-0IiE, £, Yk
o> S WREMEE AT AL ENH D, 2Tk, ALiEE R IR A S L LT, AT b
A o N—=V g ikl a— RS EIE 2w ERERBIR (K-NET, KiK-net) M OVBEHIEFHI X
L7 —2ZHEMA L, SO Q MEET /L CHREEHE : 1-10Hz) &5 L7z, kb7 h XD
HAMGMI O~ > My Ty DT, RO 1 RIZHIHI L7 Q ERSE LA, 20D
~ MU Ty TR, AEBUKAAEORD THW Q RGO, —T7 WET L — b BT
X, HERBZ DN LD KRER QEIIH/ ORI ole, ZORFE L ORI HIEIC L2 REE
BWHG AT 272012, WET L — hO B QEEET L (FREIIKEZ2QH) A##E L7,

(b) FEH DR
D Xtz

VT Hy g = ATBWTE, IEND T L— R AIAR, S HIT, BEEK 150k OB
FEHUEm O FEICKILTZ m s RBFELTERY, g - B~y MEENEMERREEZ 2 1L T
Wh, ZOX D RHIIZREWT, Bl SRR D S R AN MLV a2l S 72D
FI YEHUR O S W EEE I T A2 BN H H, T 2 TiE, AbHEE Rk A x5 L LT
ARG fA v R— 3 VB L a— BRI A @ RS (K-NET, KiK-net) M OV
HREHC L 27 —ZICHEMA L, S D Q MEET LV EHET 5, 2O, 7L— MNHHETS
% 2003 FEA B HIEE (Mw8. 0) DA BT, AT TAMIE TH D 1993 FHIEEH Mw7.6) |
B EORAEEBE L T, WESH 150kn £ TEZOMNIAR LT 5,

AN | ALHEE HCE U 35 1) D #HE 7 S WIS ARG O MR FLEk~ DB AT 2, X 113
HEDHERRD 25025 7NHE (A 1997/11/15, H150km, Mj6. 15 B: 2001/04/27, H80km, Mj5. 9)
kD HEAp o7 3k kil 7wy hargMil, K7 m e b B kL7 e e MESMAD T OB
W (b) & STANRY b (e) I LT=b D THh D, A MEOLE kL7 v Ml (HKDO61)
OFEIE, AKFEBIC L6, SEEV D PEOLTRRERIEREAEL TR, S5
DS PWANRT P DR E AT, 1Hz £V b & & R TR L~ L 23R 1 S % H T D,
L22L, BHIFEDOHA . HKDO61 D
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(o)

HKDOG1 HKDOSE HKDO72
1 5.0fem/is/s) 15.0(cm/s/s) 25.0{cmis/s)
(@l A M L -u-m q..-“pu.
'II\ H 1 50.0{cmisis) 150.{cmis/s) 1 150.0(cmy's's)
) meoo61” 271 :
44'N ) T —/‘;;I(II;’O/GE;? o 10 Zrm:;D 40 50 0 10 Z[D SIO 40 50 0 10 2|C;ec30 40 50
HOKKAIDO " . .
‘5\0—' HKDO72 (c) 10° 10 : 1
_ * _ w'_! Al _ 10 N
1 ; |o°‘,_.... A }\ﬁ‘i}; 107 “/,fn'ﬁ'lll."
O pf = 0] | Lj\é 107 | =
42'N | B wid | 10% Howd
- 0 o 1P 10 AT T AT
F = %@(\0 ' EHZ] ! ' i"ll ! ! Ell-jlz] !
Japan - ('\\9j
Sea '] N (d) V.F,
/ HKDO&1 HKDOBE HKDO72
A — A A A 0
P Pacilic 100 km AN H
40°N | ¢ Ocean |— T 0
142°E 144°E 146°E :E:
100 £
=3
HIGH-Q @
2 - 50 @
A -
-200

50 0 50 100
distance(km)

X 1. (a) B (A) EHEOER k), VE: KiLh7 a2 K, (b) IEEERE (NS KD).
(c) STEMHEE AT hov, i - HI5E A, R - #HIE B, () Q EIEET L OMRIX & A,
B HUERIZ X 2, AERRIE. @ R AR Sy A RN T R

W, AT ML e SOBIHIE & RERZERITR O, —F, K~ v > MM o HKDO72
TiE, AL BOMMEIZLDEIVITETEY | SETRKIRFE L 20 . £DAXT ML [EERRIE
WaRT, kih7 ey b EOBRIA (HKD066) TiE, A MBS, HE L A7 huid, 7l
Bl LIV COZNS ORI ARMEEEZAH LTS, 2o ORI, @M, K1 d) 12
U7 Q HEEET L (EERNC R E 2N EWER) CHASND, REBENTH DHMEHHITRES
TFTHENZHENT, S HIREMEEDORELHBEICIY AT DI, 22T, kiizerr bEEICL
T~y v v Ty P2 & 5D 2 FHIEI 31 T N AR TO @sfaZ i iid 2 2 &2
Do S HIT, FIFEIHICERE SN TV DIFEREG T — 2 Z T, 7'L— FD @s 2 JSLIZ 7
T5,

2) T FiEE T —4
B SN D EE S WOREA~T by (0,(D) 13, ROLIITHET D,

Os(f)
ZIZT, S(HE GO FHEOBRASLY MVED FEBROMIEREE RS, E2.
R @s(DE, ZEi, SOER:, EIEEME., XS ED QE (quality factor) ZFKT,
I T @s(HDDHEEICLAT D 2 SO 7k z 5%
a) AT hA 8=V a0k (STik; Iwata and Irikura, V)
(1) Koxt#r L s EkE1H55,

0ij(f)=Si(f)Gj(f)RLeXp(_”ftifj .
i
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10g(0; (f)=log(S;(/))+10g(G; (1)) ~log(e) Q{ B (2)

ZIT, 0j=(R,;/Ry)O0;« S;=S;/R, . R AHMEEOBUSLIEETH D, (2) REBHA~Z b
NWEDERFERFNCT HZ N, S(DH, 6N & @Gs(DPROBIND, T TIE, 2 DOHHRSE
AF (G(H>2 5 @s(H>10007) fsh "3k (Lawson and Hanson, 2) & Az, ZOFIEOHE .,
Z< OB LBIETOT =26, s DHRRLT, SN & () HLIHETE 5,
b) =— X Bk L (ONIE 5 Aki, ¥)
a—FWIE BELS N SN ORI D EEZX LN TEBY | EORIBARZ (0,1 t)

1. LT X 912E T 5 (single-scattering model; Aki and Chouet, ¥).

0;(f,1c)=S8;(/)G,(NP(f,tc) (3)

ZC P(E ) IE, 2 FIIRIE OWERHE T, AU, FEREL DD OFRGEIFR (¢) 2SEE
S DERFD 2 5L FI7 5 & BIRE B & O BRI L2 725, (1) K& 3) K
THRLTxEEZ LD, SS(DE OB SKEELa—FELTHBTHLZLE2EBETLL, UT%E

Os(f) |_—7/Y
ln(Rij OC(fJC)J 05(7) +const.(f) (4)

ZIT 0D E 0(DiF, BISHTE SEEPT—FED RS ML TH D, 2—F P THIEL
STz S PARME DX ((4) oD EID) 2 S PERFICK L T7 Y b LTe RO E 225 @s(1)
BRDDHZENTED, ZOFETIEH, 1 RTOZEOBREED ¢s(DERDDHZLENTED
M. S (D) & 6D DIERITEH R,

Station Station

AK-NET CUAMSTEC \z’m KDOB —
44'N || o Fnet HKDO0G4 |

OCRIEPI Evenr '

Event v Sl HKDOBS >

¢! oo N —. .S

= BAMW

43'N

- 971115
L}

42'N

41°N

142°E  143°E 144°E 145'E 146'E  147'E142°E 143°E 144°E 145'E 146°E 147°E

2. ELNZBILE L HEDOE R, (a) FAMW fHis, (b) BAMW & Plate fiffi,

Kiliza v MRV~ > My =y (FAMW) @ @s EFEARIC W72 8IS & R 0 R e 2 [
2(@ITRT, ZOFEKTIE, 13HEICL D 17T BRSO T =22 SI{EE, 7=, NUR & URH &L
STOT—4 (NMR : 108 158, URH:73 HiZE) (C CNJEZ@EH L=, X 1IRT X oic, kib7ne

HIMUTO S BT, mEEBE D PRI RE LTSz K-NET BlllE TR Y —3h
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LT =2 BBDTHRn, LoT, HilMill~> hrvx .y (BAMW) @ Qs fEFHIIC ST 15X CON i
FHEATHZ LN TH D, BTHRRB LI, ZofEm (1 20)F) TO Qs HiE, FrRl
HEEROCTHET 5, £z, B 202X, 7'L— bD @s fEHEEIZ A & U7 1 HIER B LR

(0BS1&2) EMIEDERNPRIN TS, Z Ok (Litk, Plate &F09) Tid. 50 HiEEIZ LD
83 7 — XTSI {E%&, 0BS1&2 Z4LEN T30 7 — I ONEZEM Lz, 2 2 TIEFFIC, BERND
BN E COWRMAWRERICIZITFEATICNR D L9 ICHIERAZ R A TH S,

FRAT I I3 B A Sy & I 2, AR R VIEITIC I 72 window (3, HUBR OB A ZJE L T,
Plate IR CITHI 5 B, MLTIIHI 10 L Lz, £72, a—FLEOMNICIE, t.% 100 P LEEL
7oo SITHK L TULZEDERTD P a—F % a—F I LCE P IKERTE D & T ivEno /) A
KELUTHHMIB L, S/N D 2 U DT —% OB BT IC V=,

@ FAVF (SI)

O FAVF (CN)

10" BAVF

A Plate{Sl)
Plate{CN)

10°
Frequency(Hz)

M3 H7Xra ) — ORERICHT 5 Q fHE,

3) X a S = NIBIT D Qs s

3O fRE £ LD TR,

a) Kih7w v MM~ > hr oy (FAMW)

M3 D0@LOIL, ENZEFNSIE, (NIETHEINT ¢sfEThH D (CNIEDFERIZNR & URH D
EROFEETH D), MEORKIIL, BAEWCE LA R L TRY, AL &bt
TW5b, MFENRBSEIERE R L2 Z LI, TORROBEMEEZRIEL T D, £, ¢s=Qof
"D JE B A A 1-10H2 IS5 &L @s=62. 5711 (ST E). @s=74.37% (N k) 2455,
7272 U, Hz LT OJEEEIC BT, @sEIZZ DM b4, 12E7 Ty MTRZ D,

b) kil 7wy RSV~ > L7y 2 (BAMW)

FNTRARTZ L DT, T OB LT SIIESR ONELZ#EMA T2 2 LIR#CTH D, 2 2T,
K7 a2 k% FAMW & BAMW OBER & ARGE L, FAMW TO ST IEIZ L 2B bz @sE & X
2(0) IR ENTZ 2 DOME (971115 & 990513) DEJR AL kv (S,(H) Z#FIFH LT, BAMW D
Qs iz 7 7\ZHEET 5, BVl 3 SOFH A (X 2(b), HKDO61, 064, 065) TiX, Ed 25D
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MBI X258’ E 6N TS, £22 T, WHIED S AT Mk ZzRD 5 & BULE ORI
Rete 23S S 4L, EAUid, FAMW & BAMW %38 5 /S AIC K 208 & MR OB ALY Lot %
FITZLichs @iE R, V), SIWARZ MVIICBEMOME AR L THEE Shiz ¢s fEA X
SIKOTRLTH D, 2L, R oz LA EOKER (B 1X, S/N L2 2 LU TR OFEN H15 5
NebDT, EREZRTEZEZOLNDD, EOEFEMEITEV, 507 @s fHIX, FAMW OZi
AT, Hz fHETIHIFER U Th DA, 2Hz LU ETOEEARA D RD T/ S0,
c) 7L — kKA (Plate)
Z OFEETRNTIC AV 2 HIEBIZ DWW TiE, BRI TEROEN S ONRZ WO T, iR
ERETHEL TS Z L IcM8ENH 5, 2T, Iwasaki et al. YZ I LT 1 koo#HERHE (X
4) ZRE L. Cerveny et al. P® dynamic ray tracing {2 & - TN R mBE=IEH A2 R DT,

TORR () RO RGE Ry=8,p B,/ p B [T CEEHADND, 22T, 1/ A 13&(

R, T3S ETOFBRE, o KOBITHEEKRD S FHE, WRATD s & g TER L OB
BAEBWT 2, K3DOALAZ, TNENSIERDPTNEICEIDHERTHDL, ZNHOfHIZE<
LlCiy, Fio, AL L BITHEMLTW5S, FAMW

& FERIC Qs=Qof " DJEWEUAFEZ BN+ 25 & 0s=38.27 1% (ST #), @s=65.67"% (CNE) %
3%, ZHD sz FANW DZn L H~D & ZDOREEIRMFEMEIIEI TV D25, £ OfElE FAW
DENLY BT LANI, ZHUE, [7L— NI High QFEIKTH D) LiEkEbivTnizZ &
IRTARERTH D, ZOMBEIZONTIE, KEITCTHERT 5,

Distance (km)
200.

AN Moha

Depth (km)

X 4. KHIEND OBS2 (HF) ETOWRME A 777 b, FHEARKNIE L 723 g,

4) TL— RO @sHE

ZINETOT L — hD High QEIX, F EoBIEI & A EICHEE S TWe, L, 20854,
BRI TT L — NNEZEDEREL. XTI, 2k, B EBR S S T L — b
D QEEHE LIS E. TONMRENNMENZ EEZERL T\ 5, AT CIIEEmETHCZL S
FERAE VTV D D, EROIFEALIXT L—FAZEEB L TWD (K4), LarL, ZO/RE
X, B X5, EkEbN TV I ERE REE RIS o Tz,
—HT, $THE I v ary =B A0 BEMEIC L > CTREEEHZOETCHZ L HFEE
Thsd, K5iE, EEOHEIZLDZOH (7721, 2 Z TIEEE T/ < PGA 754f) Z/RL
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2HDTH D, dbHFEIZBW T, K7 e v h&#z T PGA 22U T 5 DX, BAMW D/ &
ROsHIC kD EEZBND, Loy L, HALHT THISTAIIZ K & 72 PGAEA Bl S TV A HEE T,
AT CHEE E41L7= Plate @ Qs E ST TE 720,

AWFFE TR\ #HIEE D

WAL, EEK 100kn 7 L— b B2 Fic@E LT (K4), Zuckt LT, KM5IZRLz
HEEN S AL G 12T < WM IT, T OHEENSE 2T, L2 @b tEzon5, b
DEBEND | AWFFRIC L D Plate D Qs N FIUFEERE L RV HE 0 63, Bl Sh 5 R_E

EHBIREB T 27201I00F, L= MR ZEOQEE AT 2 EEZXI DB,

PGA
1 3 10 30 100 300 1000

I Jetl

971115 155km M 6.1

990513 106km M 6.4

010427 80km M 5.9

45° 45°
. . ‘1 . o 4 f .
o ¢ L AL
N S . sy g
A . e ' e L
._‘ I :{-:‘)’f/ . - . (;_1‘,/:..
o A A ] A
L b ¢/ L fr:r' ;’f;'
40" ot s N @Y i i - 40°
B | % I 1
& | 5 J
=5 {1 1 {1
oy {l? 7 i zf t*
ot A " A A
S/ g/ 4/
o 'r‘f/ £ F3 — Py i
N /7 * 200 km N / * 200 km ’ /,/ - 200 km
I L £$
140° 145° 140° 145° 140° 145°

X 5.3 DORRERME () ICXDEKIEE (PGA) /75, K-NET 77— ZfHH,

Z 2T, AbMERERF TRA LICHURIC LSBT — 2 ISV T 8 Q iIEE T VAT 5,

(@) & CECH
/g kq i
& .
.- AL -
. ) <] ~, _q-,\"‘? o E
B C“" \ p '\'?f = 100/
,\_/r“"!/;- \ ""_\\,&:‘E‘?‘w N g
G4 Vv o @ s
Yoy e ‘Soun 200
H_,.’LWTHM ’
— AL A
E
o 20001114 Spcooezs
£ = 2
";‘.,' mngtz?
O e
200 “100 o 100 200 300 400
distance(km)

X 6. (a) MATICHWZBLLR (A) EHIEDOER (O),
(b) RE L7 L— O JE QHiE, OER, AFBNRzZERT,
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B16() X, ZOHELFEXMIRLIELOTHSD, £, R TEMI S SIEARY MAhb
Z ZTOWIERME L FAW @ Qs fE (4 6 (b) D @) IZ X HIEAFHIE L TREASY bLraRD D,
Wiz, BENSHEIEM G ~D 7 L— k23, JESH T Plate ® @sfii (X 6(b) D @) 20T 5EE
ERID Qs (K 6(b)D @) #HTHTFENHOLMD _EHEE S RET D, £LT, FL— koD
WG 2K 6 (b) DFFAK D L HIZRE L. NMR 7 — & HHEE SAVIZEBIRA LS M L% BRI
B BT OBLR O IR F CHERICE > TR S, Him A7 M adtET 5, —J, Bt
H1J5 KiK-net BLHLS OFRE S WELERD) D HEREE OB A4 Y B THEBEA~D AT AT M rE
KO, TNEBHART bLET5, HE QOIFEIERMAGOREICK L THEHHANY ML E
AREL, ZThE2BllA~s b ittigd s, LT, MiFOb-o b RVW—HEEXHHE %
fig e UCERIIT %, ALHREHGEH CIAE L2 3 > OMIERIC L 2 Hb S 2 BURLS ToBIRIEEIC =
OFEEEALE (X6@@), K7L, HE @I FEIERMAS DI L CTELH & OB A
T MO E R LTE LD Th D, 2O G, H=50km, =500 03 CThH Z L3 0D
ZOTL—FTED @sfEX, K3 IZBWTERTRINTWD, M EOHEFNE, ZOTEOKR
E 72 Qs fEIC Ko TRFEBEEHLITHI SN D L w2,

Lo W10
Qs = 100f Qs = 500 f
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E 0] ‘Ml .I_.'.r-‘w',ﬁ i Em L R b
_'°2‘| m,lm _‘U'?1
il U 1
10" 10" 10° 10" 10° 10 10° 10" 10° 10"10 10
[Hz] [Hz] [Hz] [Hz} [Hz] [Hz)
. NMR Source
1o _ ~ 10 ™~ 10°]
10° - -
wl o b | I . T
g 10° 1 = h < gt
=] j10" 1 n 1
g 10° ' 10® 10' ] '0"1 ] ‘Ua-l
[Hz) [Hz) % %
107 o e R A fie
E TAH) ,-'_'Pth D E 1 TH A
s P ! i I & e
1 1
4 -—v‘-ﬂ*-* 1
10" 10" 10° 10" 10 10’ 10° 10" 10° 10"10° 10
[Hz] [Hz] [Hz] [Hz] [Hz] [Hz)

B1 7.3 DOHEICKT 5 2 DOBRSTOBIM (E#) LB ) IEE R~ My
DL, 5 E®Fé(H)kTF@Qﬂ?& PRI A DRERP RSN TN D
FENFIV D RIRART ML,

(c) fam7e b WNTA % DOE
YTHE Y g = OAFE R I A RS L LT, AT b RV g viEl a—X&
HIREALTE % i R R AL (K-NET, KiK-net) M OVBEHIEFIC L7 —XIZ@#EH L, SHEDQ

;%I

709



MEET NV GBI« 1-10Hz) ZHEEE L7, Kii7m s XY bEHMilo~ > sy ey Y
TiE, JABEEOK 1 RIZHHI L QENSE LN, ZOHIMIO~ > MLy oy DT, JAE
BUAFEDORD THW Q GO, —T, WHEZ L— b BT, kB A LN & 972K
SR QEIIG LN - T, ZORRELOREHIERIC L 2 REEHWHAZ 2R T 572012,
FE7L— O g QEE T /v (FRIIRE 2 QfE) 2R 8L,

Kz m s b X0 b EFIMIOBRE THE O S BIE, &EREHERARE RS TE
V. Flo, S/NEBBO T, KoT, HiMil~» FAv =y Y0 Q EIX, BEIZIFIELL
i TR LT, ZHEIELSFHET 2 Z ENA4ROMETH D,

(d) 513k
1) Iwata, T. and Irikura, K.: Source parameters of the 1983 Japan Sea earthquake sequence,

J. Phys. Earth, Vol. 36, 155-184, 1988.

2) Lawson, C. L. and Hanson, R. J.: Solving Least Squares Problems, Prentice-Hall Inc.,
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3) Aki, K.: Attenuation of shear—waves in the lithosphere for frequencies from 0.05 to 25
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ocean bottom seismographic refraction studies, Tectonophys., 165, 315-336, 1989.
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(e) PURODFMICIESR « AR

A A FFR FERFEAR
L 57, 2T THRMEL 7 L— MERAKR | BAHE LSS RS — FERK 15 4R
mINEZ HhER D FRPRFIE D S 2003 FEMELE, HF 7245 73 11 H 12 H
Maeda, T. Upper mantle Qs structure 1UGG2003, Sapporo, June 30 —
and and its effects on strong Japan, SS04a/09P/D-041 July 11,
Sasatani, ground motions 2003
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(f) ¥peritilE, Y7 bU=TBH%E, fhk - FEEFEORE
1) Ryt i
L

2) Y 7 hy =7 B
L

3) ALk - BEHESE ORE
L
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(2-4) EEMREREE THIO 72D OEROE T MEIZBET 54178
BORIE (P REELE)
kakehi@kobe—u. ac. jp

(a) HEBOEK

EE R R TR O N E OMBREIE T — 2 2V BB =T g TR,
WNEEOHIE TH 5 2001 F L IRILEHE Mv=5.2) L7 4 VE AT TNO AT TNHET
bLHETHE My = 6.4) OFFMARRFBRZFNZ, WTHOMITIZEN TS, ]KENWERE
I AR YN FEEET VEARE LTS EG, A o=V a VIZEoTHLLLE
FRET NVEME R EOT XY DORE S LN/MOEHESZBWRFHMEL TCLES 2 & &R L, A~
N— g COFER, BIEORFBREIIHRAEMZR SO TH Y | HHFORFHBIIEMER LD T
HDHZEERHLE, 2001 F£ETHEICOW TR, HEBREE DRV (=HIENMES ER LT
W) AT T OWFEMEHGEN TR ERT RO PEE TWD, ZAUIBE ORI EMEN £ Z THRAET
% IR OB FR I B A 5. 2 2 TREME 2 RIB T 2 H D TH Y | BBREE,

(b) FEH DR
LI
BB T AT O LTI, BIRORE, SHERKORE, BIAEHEORE (b1 R
DEBLEIMET 2 Z ENHETH L, ZOMETIE, E& LTEROBBIZONWTER D, IHF
HAREN TR S - @B E O MEBNEIC L, BiEOWEST — ¥ Rix L ERHIh>o
bbD, TOLOREEERET —F ZITICT D2 LI2L - T, BAE L HEOFEMZ2 BRI
ZROTHL Z LT ERRRBEEH T Z1T O BRICEROET /MEEIT O DI R TH 5,
D XD RBEND DOIFFE TIEEGI R A LT R OFEM 2RI 2 BRI O A R —
SNk o THEET B, B B MBI, NEEOHENHIEE TH 5 2001 FIE IR H#E My
=5.2) LT74 VAT TNORT THNHIETH S 2001 FETHIE Mw = 6.4) ThdH, *
7o, ZOMETIIEROET MEIZONWT ORI BT, REFHEOH FEEDET MKIZ DN T
HEREEMZ D

2001 4E S IRILEHIEE (Mw = 5.2) OBFET L
MR OB
2001 AELLEEILALERHIEE (Mw=5.2) 1%, 1 A 12 BIZHRAE L, KEUTIC L 5 BRI S 13 10. 59
km T, JLPE-F R EMEOM TN OHBRNHIE TH 5, ZOHEBIZRED 12 I E > T-5iE
EE) & TERREERIRBEB 2 o7z, 2 OMEOFMRBIGERR 2 MERE DA L=
kR,
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EHLET—#
FRFTICIX, B SRR ZERT D K-NETY . Fnet® O&F 5 @A OMENIET — % 2/ L
oo A L72BIRR A 1 IR, MTICIE, 0.4—2.0 Hz DN RS T7 ¢ L& —% i LTz
HEEP T D S Wi oy &l o 72,

134° 134.5° 135°

1. 2001 4F F i b HivuZ O AT |25 - 7= TR BRI 5

Hit A E T L DYERR

M AT DWREGS T HERJE 1 & 0 HUR PO IR S v, oML 20T BUNKE T —#
D OREDFEL|IE L o TEFIBRZ KO 5121, HEURM MEEET VA2 RD DL Z ENRR
ARTHD, I T, AEFRTHELUTE D LEZEXONOIRBEOBIERO 7+ UV —FET I &~
ZEATV (K 2), A Z LI LREOM TREET VERD T, R 1ITKD b TS
ETNERT, ZOWEEANT, A 3=V a3 D7D Green BIE A FHHE L 72, Green
BI%E discrete wavenumber 5 ¥ & K&/ BiBITHIE VIC L - TR LT,

EW NS ubD
HYG004 0.123 cm/sec
*ANnA n ¥ . \ L P .
HYG001 | 0.028 cm/sec
. g . L .. 2 . L. NS .

TTROO1 0.030 cm/sec

_2.1{\ ot Y YV Sy S A

6 é "1 é —— Obs. ——— Modified Structure - QOike (1975)
sec

2. 2001 LRI MEBORER O 7+ U — KT 7
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% 1. 2001 4 LR RALERHIEE ORRHTIC I\ Vi M F AR 7 0

Depth  Vp Vs Density Depth  Vp Vs Density

Station Qp Qs Station Qp Qs
(km) (km/s) (km/s) (g.-’cm") (km) (km/s) (km/s) (gf’cm")

HYGOOT 0.00 2.27 0.69 2.10 100 50 HYGO07 0.00  2.00 0.71 2.17 100 50

0.0 4.00 2.00 2.45 140 70 0.02 470 2.35 2.45 160 80

0.50  5.30 2.65 2.50 180 90 040 510 2.55 2.50 180 90

0.90  5.50 3.18 2.60 2000 100 0.50  5.20 2.60 2.50 180 90

3.00  6.05 3.50 2.70 300 150 0.60  5.30 2.65 2.50 180 90

16.00 6.60 3.82 3.00 500 250 1.50  5.50 3.18 2.60 200 100

32.00 8.00 4.62 3.50 1000 500 3.00  6.05 3.50 2.70 300 150

16.00 6.60 3.82 3.00 500 250

HYGO03 0.00 2.10 0.41 2.00 100 50 32.00 8.00 4.62 3.50 1000 500

0.02  3.00 1.50 2.20 140 70
0.80 4.90 245 2.40 180 90 TTROOT 0.00 1.58 0.30 2.30 100 50
1.40  5.20 2.65 2.40 180 90 0.01 410 2.05 2.40 160 80

1.60 2000 100 1.90 4.80 2.40 2.50 180 90

N
n
(=]
e )
o0
[
=)
(=

3.00  6.05 3.50 2.70 300 150
280 550 3.18 2.60 200 100

16.00  6.60 3.82 3.00 500 250
3.00  6.05 3.50 2.70 300 150

32.00 8.00 4.62 3.50 1000 500

16.00  6.60 3.82 3.00 500 250
HYGO04 0.00  2.06 0.78 2.20 100 50

32.00 8.00  4.62 3.50 1000 500
0.11 4.90 2.45 2.50 180 90
1.20  5.50 3.18 2.60 200 100
3.00  6.05 3.50 2.70 300 130 YZK 0.00 1.20 0.60 2.00 100 50
16.00  6.60 3.82 3.00 500 250 0.06 140 0.70 2.05 110 55

32.00 8.00 4.62 3.50 1000 500 0.07 5.10 2.55 2.50 180 90

0.60  5.50 3.18 2.60 200 100
3.00  6.05 3.50 2.70 300 150
16.00  6.60 3.82 3.00 500 250
32.00 8.00 4.62 3.50 1000 500

WA L _R—=T a VO FIEE BT A—H

AR — g v OFEF multiple time window analysis® 2 L7, RE L 7= EIREE m
® strike (£ 90° | dip (£89° . KX XL6.0 kmX5 km TH D, ZiL% 0.50 kmXx0.50 km D
Aoy allHEI L, %A vy 22T 4O time window 2@z, HAZT 5 2 20D ~_Y X
7 MVOEREETNNRTA—=2 L L, FADWMEEN V%525 Z £12 K 5T rake angle IX
172° +45° O TAIZ L LTz, 72, TR T A —Z OIFZER] O Laplacian & /M5
bR RN A, SHEOLZEIER ST, F— time window DIFFEE & LCix, 7V
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v R —FI2LD 2.4 kn/s Z Tz,

B A 2 rS—2 3 T ko TR i - IR T L

X 3BT L A o R—=Va itk s TROLNIZE
To 2.0Hz LEAEETEZ =7 ML TNDIZH 00 b 5T,
Koo b EIEETE R L3R &
D ANBEERR A S ATTICER LTV D, £z,
MIZHIEREE— A 2 ME 1.3X10"" Nm T, R0 &% 0. 79 m, EFMKGRFHIL 2.4 B ThH -

77‘4
—o

(km)

dip

B4, A "= a2 ko TR Hiv 2001 4F IR B O W EHE Eo3 <0 540

EW

HYGO001 1.40 cm/sec

HYG003 0.91 cm/sec
Y N

HYG004 3.53 cm/sec

?

HYGO07 0.51 cmisec

o

me ,0.81 cm/sec

YZKODD 0.27 cm/sec

—— Obs.

I o r F M~ A A L >
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i~ &~ o~ &~ F F rF r

W WM M+ 4+ A

S TR T S

ub

~ o A M

A M A, A

(P # a = '=:

[

- Syn.

SIRE T VAT K D BRI O ik & R
FEREO—HTlv, X
BOMERT, TR0 BOSMITHEAEM T, K&hd
T OF R0 D3 A

: %HJEI /Ezﬂ'/ L M

East

slrilgg_’

(m)

0.9
08
0.7
0.6
-0.5
- 04
- 03
- 02
-~ 0.1
- 0.0

bR bN5, KDL

I D Lri



KEBEDET V7 LERIRET IV

SEIOWEA =V arTiE, M2 R LITRLEE YIS, REOBNKEFEO 7 +U—F
ETVZICEY, BREOHRMBOET Y V7 %ITH 2 LICBERN-, O, HiEE
BRI VAR Y RO RS E 7L C Green BIBZFIR L, A 3=V a V& T, D
Yty WilEm L3 R0 A%, RE TR0 EOFEEN 3 >b MR Al fFoinic, =
ML, REOHEIZ L DR RCEIEEEMEIC T 50K %, o TRIRICH LT Z &I
E0., BEOT RO GHOEMES LT RV BZRBKFHMILTCLESTbDEEX LD, L E
D EIF, WA =T a OB L EMRM TITHEDET U v 7 OBEEMEZIHIICEKT b
DTHD,

2001 LEZETHIFE (Mw = 6.4) OEJFRET L
R O
2001 R THIE (Mw = 6.4) [FWTNMOLZM T3 A 24 BICRAELE, [ETICLDE

JRI% 46. 46 km LIRS, ZOMBEIZT 4V E LA T TORNMBTER I 572X 7 THRNHETH D &
BEZoND, AN=ANIERBRTH L, BEDEPSTZIZEP20LT, ZOHEIZEY
FE#r 2 40, A 288 4 (EZCAREE TO M, 58 74 BR, AR 193 (B & 5 K& ks
"Rb7ebENT, ZOZEE, BROFEWATTAMETH-TH, SIKOKEIWHOIC
MITPERFERICRY 552 L 2R LTV D,

BHALET—X

FRAT I LB SERV A HATAFFEFT D K-NET, KiK-net® |
Z i Uiz, B L72BLAZX 5 (R, 20X 9 ITRIEEE B Y FHTe & 5 20BN Al &
HEDHZEMHRETH D LV ) FEN GEERRESNHEOB ) 2 iG> Tnd ez ko,
1£0.1-0.5Hz D/ KRR T 4 )V H —% i LTz S ER oy i~ 7=,

F-net (Z & 2 5REBHIA 14 ROBIET —

A= g DT —H|T

A
A HRS008
HRSH1Z A
34.5° HRSHOZ
" HRSIT i
A HAS012 4 -~
HRSHOS
HRSHO4
A
¥MGHO3
*
o ‘ 3
34 YMGHO4 I 3 A
] TEGWO0O i e
J EHMOO7
A YMGO19
'y
KOCHD2
Y
EHMDOG
km
33.5° 1§, — — — ]
0 50 L0

132°

132.5°

133

133.5°

X 5. 2001 35T HIUE O FEMNTIZE - 72 TRERELHI AT
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it A E T L DYERR
2001 Aol AL B 056 L FkR, REOBHNKEO 7 + TV —FEF U 7 (¥ 6) ITX
0, BIEZ SICRBOBE] FTEETT VERD T, R2ICRBEERS, AT 7 L Mgk
EET VA, £ICBHAE Z LITROTERBEOMEET VA2 RT, ZOMEEZHWT, K
oA "= a DI Green B¥AFHH L=, Green B discrete wavenumber # & X
it BmRATHNEC L - THEAE LT,

Mw 5.2 aftershock (Mar. 25 20:40 (UT))

----- observed ----- observed
—— syn. (without soft surface layers) — syn. (with soft surface layers)

EHMO006 A EHMO006

EW EW

cm/s

o

N_
N
e
m_
m—-

' ' T T 1
1012141618 20 0246
s s

10121416 18 20

X 6. 2001 FEETHIEOREBEREO 7 U — KTV 7O (5 EIM006)

2. 2001 FEETHEOMMTICHW - TEEET L« AT T L gk

layer layer top  Vp Vs density Qp Qs
depth (m) (m/s) (m/s) (kg/m?)

continental | upper crust 1 = 5500 3180 2600 400 200
plate upper crust 2 = 6100 3530 2700 550 270
lower crust 16000 6700 3870 2800 800 400
oceanic crust 1 40000 6600 3820 2800 800 400
slab oceanic crust 2 42000 6700 3870 2900 800 400
oceanic mantle 46000 8000 4620 3200 2400 1200
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# 3. 2001 FFIETHUR DA IC IV TS 7 L« R OIS

layer top  Vp Vs density Qp s | layertop  Vp Vs density Qp Qs laver wop  Vp Vs density Qp Qs laver lop Vp Vs o density Qp s
depth (m) (m/s)  (m/s)  (kg/m’) depth {(m) (m/s) {m/s)  (kg/m’) depth (m)  (m/s)  (m/s)  (kg/m*) depth (m) (m/s)  (mis)  (kg/m*)
HRSMT HESHOS YMGHO3 YMGOIS
0 1700 440 2000 150 70 1] 2800 T 1800 150 70 0 2600 720 1600 100 50 0 1300 500 000 150 70
20 190 600 2100 160 B0 10 32000 1000 21000 200 100 20 4250 1330 2200 240 120 20 3000 1500 2200 240 120
B0 22000 800 2100 180 90 0 3800 1620 2200 240 120 40 4250 2460 2400 300 150 150 4000 2000 2300 300 150
100 2400 1200 2100 200 100 80 00 2000 2300 300 150 160 5370 2920 2600 00 200 200 600 2300 2400 300 150
200 5000 2500 2300 3000 150 o 4620 2200 2300 300 150 200 5400 3100 2600 00 200 300 4500 2600 24000 360 180
[{LLY] 5500 3180 2600 400 200 200 55000 3180 2600 400 200 (L] 5500 3180 2600 400 200 500 5000 2890 2500 4000 200
2000 G100 3330 2700 550 270 2000 6100 3330 2700 550 270 2000 G100 3530 2700 330 270 1500 5500 3180 2600 400 200
LT G610 3530 2700 3500 270
HRSHO2 HRSHI2
0 1340 360 1600 100 50 0 2030 880 1800 150 70 EHMO06 EHMO0?
100 4610 1130 2100 200 100 10 4350 1540 2200 240 120 0 1850 600 1800 150 70 0 2000 1000 2100 200 100
0 4610 2420 2208y 280 140 20 34300 2900 25000 4000 200 200 26(0  1{NK} 2300 300 150 200 SO0y 20000 2300 300 150
150 A6R0 2600 2300 300 150 150 5480 3170 2600 400 200 140K 2600 1300 2100 200 100 GO0 4500 2500 2400 360 180
1100 5500 3180 2600 400 200 ] 5500 3180 2600 400 200 18K 3500 3180 2600 400 200 1600 55000 3180 2600 400 200
20000 6100 3530 27000 5500 270 2000 6100 3330 2700 350 270 20KK} HIK 3530 2700 5500 270 20K} G100 35300 2700 5500 270
HRS012 HRS008 TGWOOD KOCHO2
0 20000 1000 2100 200 100 0 4340 2800 2500 360 180 1] 3000 1500 2200 240 120 0 3800 110 2100 200 100
100 5200 3000 2600 400 200 1200 5190 3000 2600 400 200 Bl 4000 2000 2300 300 150 20 4190 1980 2300 300 150
1800 5500 3180 2600 400 200 1400 5500 3180 2600 400 200 b Li] 3500 3180 2600 K 200 1800 EICLUE LI 2300 300 150
2000 610 3530 2700 5500 270 2000 6100 3530 2700 350 270 20KK} Gl 3530 2700 5500 270 KL 4560 2400 2400 3200 160
3200 S6R0 2600 2400 320 160
HRSHO4 YMGHOS 3400 35000 3180 2600 400 200
0 3900 1850 2300 300 150 0 4150 2040 2300 300 150 3600 G100 3530 2700 5350 270
120 4800 2500 2400 400 200 120 4940 2600 2500 360 180
1800 680 2600 2400 3200 160 350 5190 3000 2600 400 200
2300 5500 3180 2600 400 200 T00 5300 3180 2600 400 200
2500 GI 33300 2700 550 270 | 20040 G100 3330 2700 350 270

BIRE €7 L OVERK

TARRIZRE— A > BT 2 Y VRHT Ot R 7> & BRI O B & LRI T IR & O strike & dip,

rake WEMNDZ ENHL MR 577,

AL ERES) T,

TV E R,

-
—

bent fault model & 1 day aftershocks

" .
L o km
g g 40 45 50
L I I | 1
- M170°E
't
1
344 | ' o o O ln o
[} o | T e -
| e ©, 0 o o
' L
* (S
aqe | =
33g- | s o, "
AN =]
: : : | — -
40 [ 440 45 S0 S5
L km
4
45 ] R - 45
3 ° 3
é
50 — S0
°
55 | N - 55
1 L 1 1
0 5 10 15 20
km

km
4 45 50 55
| T 1 il
. :_m
4 F2s
n :_20
b E
I £
. 15
Lo . [
of'dtd vo o of
) I 10
e S 0" o o ef
-] L s
: : . . —_— 1y
N N | 400 45 50 55
1 . o iy km
b S
] P
1 &‘. &
Py E
- -
4 A - 50
@
N ag |- 55
I 1 1 I
0 5 10 15 20
km

7. & L1z 2001 = FHIEOERET L
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DFRER ERBOMOMGT 2 5FE AT, strike & dip
SHEG I LT DN s 7B e T VAR L, BRI, 4o FE (LLFHE 1—4 &
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WA L "=V a L OFIE LK NNT A —H

AR —=T 3 VOFEIT 2001 FRERIGTHECLS LFEETH S, E L ERETE %
3.0 kmX3.0 km DA v =2 (ZHEIL, KA v 212X 6 fHOD time window Z &\ =, ZH— time
window DEFFHE L LCTiX, 7V » R —FITLY 3.47 kn/s Z 72,

BA "=V a3 Lo TRO DN EBRET /L

B 8 I TE & A 2 X —2 2 N Ko TRD B EIRE T VT K 5B O ik 2 7~
T WEO—BUIMD T L, ¥ 9IZRD b2 EREWEE o3~ &5t r~d, T30

BEONAMITEHETH D, KIIIZAT T O L, AT 7 OWPEMEHE & e~ > L OBER
DESHEDLE TORLTH D, AT 7 OWEEME~ > MBROES L, KA - i VI
X 2 REWIE O head wave DFEEDFEITIZEE SN TN D, KE RS L, 2001 £ T HE O EE
X, AT 7 OWFEEM: & WEE~ » MV OB AICRATEZ ER3bnd, RERTIDIL, W
& AR A 8 B s s AT | TR R R O YEPE M RN BRI DY~ RVNTR.O NS,
RRTARDIF 2.4 m T, ZIVUTEEEHENTEL TS, h—ZLOHEE—X 2 ME 2.1
X10Y Nm &:Rd b7z, BFEMGRRIZN 10 TH o7z,

EW NS ub EW
hrsh04 162 crvis ymghd 1,80 cmis

hrs®1?  1.90 cm ymghOd 210 emis

hrsh0Z  1.59 cmi, ymg019 262 cmfs
W N

TKXAVr j&;iwv

hrsh12  0.70 cmis ehm007 469 cmis

??%
MLt
AR

hrshO8 135 cmis M/WV\/\/ \['\/\/\[\ﬂ/ A C/\/\fb\/\/m
|||||| obs. LIS L B B
02 46 810121416 02 46 810121416
5 5

[X] 8. 2001 FEIEFHED A 8 — g VR - BUINKIE & BB o b
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slab oceanic crust slip

strike = 170 ° it R
North dip = 60 ° 63° 67°  70° strike —p South
40 w 40
] i 2.40 (m)
42 - 42 BT
44 1 [ 44 1.92
E 46 46 1.68
= 48 ] I I I 1.44
§§49 {1 - 48 b
500 [ 520 0.96
o 52 4 1°© 2 2 ——_\i/—\— 52 0.72
it 54 | ' [ I &) [ 54 0.48
,L B s C;/ =l @ . 0.24
T e T LR, — SN . . ./_ 56 0.00
0 2l4a 68 101214 TP :

22 24 26 28 30

(km) (km)

slab oceanic mantle

9. A" — g 02k TRO B 2001 EETFHIEOW R L4 455

2 2A

A A

FIROEY | 2001 FETHEORKOT RN IEA T 7 OWPEEZEANTEZ > T s, £L
T, ZORKOTRY BEFFOT RO FIROIES 0 O FRRIZ, WErEE: &gt~ hro
BRI L TWDEIICRAD, T 2T, MEEERIIZ O T O~ o bR
BORENFE LBV, TROBAMERENNSSER LTV L2 BnagbEiid, 2ol s
TIEFICHBIRNER TH D, T2bb, BENER LT WIEE Th 2 IR A L
A, BENZOBEN LTI, T2 TIERERTRONELDL EPFHENDN, ZTDOZ
EMNIEIZ 2001 FEETHIE TR E TV H DI TH 5, SEIOMNHEFIZ, BEORHEMNE (50
BEIBE OMIPEROREENE) 3% 2 TRAET HHIEOBERIEIC K & /e 8% FIE 4 7 HE
WERETHHEOT, AZT7AMEBEOREL WO MEIZLLAA, THUCE EEHT, HED
FAEDOYIIET 5 R E RBFREL T 2 b0 THA S,

2001 e E IRALERHIR OB A L Rk, 2001 B8 THIERICOWTH | KB OHERE OF HORK
BEPFND T2, FIEOHEREE D72 WA Y ISR T HEE T T /L T Green B3k AR L, HE
A=V aru{Tole, ZORE, ROLNWIEHEE— A MI 2.4X10"% Nm, KT D
®(33.2 m T, ALNIERFELERFHMOT oMK Lotz TITHEE, BRA N —Vs
VOB DL EMAMTEEDOET U S OEBEENHBR I N2 LTk D,

e
FRMT VIR SRR H T F 22T O K-NET, KiK-net OIREZ Sk, Fnet 7 — % . K&)T—tALEIR
DERT — X 2MbE TV EE L, BEKRFZOREWRERIZIIREDOEGIRIZET 5 ER
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AL TWeEE E Lic, LTV LET,

(c) Fam7e & ONTAH ORRRE

SRR DA 3= 3 XD 2001 FILFEERACEHE (REEGE, Mw = 5.2) &=T
iR (X7 7HNHUE, Mv = 6.4) OFEMREFIEBRZH~TZ, WTHLOMITIcs VW Th, K50
WEREZ R AR DAYV FREEE T VERE LT A. 4=V a il i>THD
NOERET NVIEIMIEHE EOT XY DOREZEF/MOBHESIZWMKRFMLTLES Z & E2R LT,
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(3-1) Scaling of Radiated Energy for Intermediate Depth Earthquakes
1. In order to investigate the reported difference in seismic efficiency between
the shallow and intermediate—depth earthquakes, we will look at rupture
velocities for some of the larger earthquakes. We will try to determine if there

is a correlation between the rupture velocity and the level of seismic radiation.

2. We will study the fpax effect for the 2000 Tottori-ken-seibu earthquake
(Mw6.6). fiax is the limiting high frequency value of accelerations generated
by earthquakes, and there is still uncertainty about how it is related to the
source of the earthquake, the propagation path, and the site response. The well
recorded Tottori—ken—seibu earthquake and its aftershocks provide a good data
set to try and understand the source and non—source influences on fy4x. For
strong motion simulations, this is a parameter that has a large influence on

the level of high frequency ground motion, so information about the value of

fpax and understanding how the value may vary, is a important issue.

(3-2) FEBIER ALY FAD R —1 T\ B

WRE 4L IBFEZBE LT, v/ =F2—K3~67 7 ADEFEDE 3 >DOHEREORE
EARZ FVHIZ DWW TR, IR ORI BE ITITRAL L TN 2 & 2R LT,

TR 16 FEEEIE, RRIFEDSO0RHIERE (] 21X, 2000 4F35 T HIZR S 2003 4F = il WL b Hh R 23 3%
A Lo RO HIERRE) ([2 W T B RIBROBEIT 21T\, T E TR S 2 L BEOHIERIZ AR
DHDTIHDHDN, ZIE BEFRPDPLRERNHBIEIZ OV T O Lo TNDEDONE N5,

ZIVE TOMMT T, BIEN S SN 5 WE) = KL F— DR /N2 —  OFIEICE LT
%< OFEERE LT HZ LIC Ko TEHETEL LD LRE L TETZ, B/ Z— 0 OEEDH
EZLVEHLALITHIZLITE ST, ZHRE T LIZHERSC OV TH b 9 —FERE L, Kl
BOHTNELOEMIEBH =R AX =2 HHE L T0D &0 BIFEEOEHEMEZ A ESE 5,

(3-3) SFRIE AT FILOREEE L KLt R EEE) TR B9 5 iF5E

R D X DI FERL IS FEDEBHIZ L > T, v 7 F 7 g oY —  OALEE RO Q &
EBT PRI N, 16 EFIZBVTE, £, ZOMREMNT, Bl S o mRERe
D S PRI ANT bVEHEET D, ZOBRIC, WTREZR R Y S5 T b - Rtdk 2 ST i v %
Flo, BRA NN =ALLRSZHEIC L THIEZ Y L— MHME L X7 TNHIE L IZHFEL, £h
FNDART FIVIBIRIZOWTHKRETT 2, £HUE, 7' b— MEHGE & 2 7 7 NMIE & CHE
BEOERS PR D EEDLNTNLINLTH D, KEMIZ, BIFEANZ MVBRZEET D
NT A= (A== fmax %) OHEEHEL Ow) KEE (X7 —U 701 2B 50

730



5,

BIRAAT MLOREEE L Lo, B A N OBl SN - BB L E O R (e —
THIRE) 27 L— MEHIE L 2T TAHBENZIUCT OV TR L, Z DR O RIREHE R O
HEBHBURFIEIC W TR 5,

U EORKEDS, S RET PRI SLE RN T A= 2[5 ENTED, TRHD/ET R
— 2 &RV, FlziE, 2003 R HE M. 0) BEC Xk 5% < OME AR ICHES 2 Tl
L. BlHFSEE iT 5, ZohiEZiEL T, Hohi/"T XA —% RO RESD T Tk

DELBYEZ DN TIRFET D,

(3-4) EEM L EE TR D72 OEIEOET MLIZET 205

EPFURTER X O M S O REEMENREENIC G 2 5B AT R, LTFO XD REA A
Batd 2. (3) (4) OfFATIE. TRERBLINE D &% S 2 FEMAICTE H L7t Tdb 2,

(1) AMEEICS & HiE, MET X DOWBA o —Var, moR_a—7 A =g VEIC

L0 FEMARETUREE DM ER 2 R L T <

(2) BIFPRIREUE Y R 2 b — 3 U K DI O R EREE SRR 5 2 5 R Ot
(3) radiation pattern ®JEEEIKIEIED RS

WEEDHIE & 2 F 7NOMIEOE (R, (SRR OBRE DE)

2001 4F f i AL HIER . 2000 4F =B IR P HIER O5RE T — & 24l

(4) Bt (X5 7ok, kb7 oy b FOMR Qo #8) L rED)

2003 AEEIRIRIHIEE . 2001 4E3E P HIB DT — & 2 fi

U EDHAZBFT 52 LItk oT, BAFIE LW D BINTHAT L HIERIC K 2 RS O Rk
OFREAR, BIROKE L ZFEREORE (V41 NORELET) OmMFICESTLVFFELIHED
DEMFEIND,

(3-5) (EHBRRIK & HUME O EL & B A B B8 L 7o St a RO & ik O B %8

Rk 16 I T E i E . MMEHERE O ~Xa —7 &3 5 3 4% % KiK—net 7—X % H
WCRET 5, BAEMICE, v/ =Fa2—F4~5.5 BEORKE T, EHEZ 100kn F2EOH
EOMEEREEZF NS, Zhicky, FEEOB N~ =F 2 — R, BFRES, BT <
FTA—=R LT DH3EHKOERANHEEFRE L 72D,

KT, ZO3EBORIRFRREZHET D, BURROHEEIL, e RKIEE O FEEER R R A R D 5 B

<A SN D ERITFT 27872 L RIFRIEICRT 23820 2 2 RIS X > CGHEiT 2
FETIT I,

UibEZFLHd e, PRI FEIT, v 7 =F o — K EEBIRES O R ELTHO MR X 2 Ik
Dx RN —7EHET 2 3ERERET D, WIC, FREHWT, 2 FEORAERLIEIC
RDDFIEICLY SEHMOEZEHEEICERT-TEICL Y~ =Fa— R, BRES, EBRENZ
RT A= LT HERNAEL,

731



