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Estimation of seismic wave attenuation structure and
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Abstract

The quality factor Q) expresses the degree of anelasticity of rocks and depends on the temper-
ature and water in the Earth’s interior. (@ is very important information to discuss for the
temperature and existence of fluids in the Earth. Seismologists have recently estimated three-
dimensional seismic attenuation structures in Japan. However, in the Ryukyu arc, the estimation
of @ structure and the construction of a regional structure model including @) have almost never
implemented. In this thesis, I investigate the three-dimensional P- and S-wave attenuation (Q)
structure in the Ryukyu arc, and construct a regional subsurface structure model to simulate
seismic waves for the Ryukyu arc, Japan. I also examine the lateral variation of the stress drops
of earthquakes occurring there. This thesis consists of the following three parts:

Part 1: A corner frequency included in a source spectrum is necessary to implement the seismic
attenuation tomography. I estimate S-wave corner frequencies f.g using the S-wave coda spec-
tral ratio method. I select 4227 events (Mw 3.3~7.0), during the period from June 2002 to May
2017 in the Ryukyu arc, Japan, which the centroid moment tensor solutions were reported by
the F-net, NIED. For 2189 events, assuming a circular crack model, I calculate the Brune’s stress
drop Ao from f.g, the seismic moment My and the shear wave velocity 8 at source for each
event. The stress drops obtained from the corner frequencies range from 1 to 100 MPa. I find
the strong lateral variations in stress drop for crustal earthquakes (depth < 25 km). The stress
drops of the events between the Ryukyu trench and the Okinawa trough decrease with distance
from the Ryukyu trench to the epicentres. Low stress drop events have occurred in the Okinawa
trough. The Okinawa trough is an active back-arc basin associated with the continental rifting.
This region includes high heat flow area. High stress drop events occur along the Ryukyu trench
and near Taiwan region. Area where the short-term slow slip events (SSEs) does not occur is
consistent with very high stress drop region. This region might be a barrier for activity of the
SSEs. Lateral variation of the stress drops may be useful and important information to improve
ground motion predictions for the Ryukyu arc.

Part 2: I conduct the seismic attenuation tomography using f.s of 2874 events. First, I esti-
mate the path-averaged attenuation factor ¢* from P- and S-wave spectra assuming frequency-
dependence of ). Frequency dependent () may be represented as Q = Qo f“, where Qg is @
at 1 Hz. The frequency-dependent parameter o of P- and S-waves are determined to be 0.55
and 0.80, respectively. Next, I perform the seismic attenuation tomography using the estimated
t* data to evaluate spatial distribution of P- and S-wave Q! ( Qp L and Qg 1). To trace ray
paths, I make a 3-D Moho discontinuity model by compiling the data from the recent reflection
seismic surveys in the Ryukyu arc (e.g. Nishizawa et al. [2017]). For the top of the Philippine
sea plate, I employ Iwasaki et al.’s [2015] model. Remarkable features for the estimated Qp
and Qg distributions are as follows: very low-Qp and -Qg spots are located in several islands,

which are covered with weak sedimentary rocks such as limestone. Low-Qp and -Q)g regions



exist in the Okinawa trough and volcanic areas. These regions might be attributed to upwelling
hot material or fluid from deeper depth to the crust. Low-Qp and -Qg parts are distributed in
the mantle wedge beneath Iriomote-jima island, where SSEs occurred. Low-@Qp and -(Jg areas
exist above the PHS slab where the short-term SSEs occur. This feature might suggest that the
SSEs may be controlled by fluids supplied from the PHS slab. I calculate the averaged values
of Qpg and Qgo at 1 Hz in each of the upper and the lower crusts, the mantle wedge and the
Philippine Sea (PHS) slab, respectively. The averaged Qpg in these layers are 188, 191, 498 and
814, respectively. The averaged Qgg are 188, 201, 542, 834, respectively. The averaged Qpg and
Qso are almost identical there. I also set three region in the Ryukyu arc, Sakishima islands,
Okinawa and Amami islands, and Tokara islands, and calculate the averaged Qpp and Qg in
each region. )y in Tokara islands are lower than other regions.

Part 3: I construct a 3-D subsurface structure model for the Ryukyu arc, Japan to numerically
simulate seismic wave propagation there. In the model, P- and S-wave anelastic attenuation (Qp
and (g) values in the upper and lower crusts, mantle, and the PHS slab are set to be 200, 220,
700 and 910 based on the result of seismic attenuation tomography, respectively. I employ the
3-D Moho discontinuity model and the top of the Philippine sea plate constructed in Part 2. 1
assume thickness subducting oceanic layers 2 and 3 as 2 and 5 km, respectively. I also adapt the
Japan Seismic Hazard Information Station (J-SHIS) model as the sediment layer model (seis-
mic velocity, density and Qp and Qg). For the land and ocean-bottom topography, I combine
250-m-mesh land model (Geospatial Information Authority of Japan) and JTOPO30v2 seafloor
model. I conduct three-dimensional simulations of the long-period strong ground motions for
the 1 March 2018 Iriomote-jima earthquake (Mj\a5.6) and the 26 September 2016 Okinawa
earthquake (Mj\a5.6) to demonstrate the effectiveness of our structure model with the finite
difference method. Target period of the simulations ranges from 2 to 50 s. The computed wave-
forms well reproduce the observed ones, which suggests the constructed model may be available

for large-scaled seismic wave simulations such as strong-motion prediction in the Ryukyu arc.
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BRI IZEENDEBIFANTA—=ZDVE DI, BFARY NVOI—F IR f. 0355, f.
WIHIEE Z 2 12 R0, MEBIREENES 7 71 275 72DIZBBIRNTA—RTHD. 2T, %
TS THRELZHED f. 2Rkd 7. BTICIZHBEO R 2 METRT 2/A, HEROMK
BRBEOMERZZII VWS IHIA—XDARYT MVEE WS HiEE2FHA LU, HHe 318X
2002 46 HA*5 201745 HE TO 15 FEMICHEPEFE RS THRAEL, BiSEBEEAMRZEHT D F-net 12
& > T Centroid Moment Tensor (CMT) A3 & ST W5 4227 1 XV b (Mw3.3~7.0) TH
5. W0 EDARY N - RTDARY MUHLE ORI NZ 2189 A RV MO f. DS N &
Ao ZBEH U7, ZTORE, MEEETHELZHED Ac 1372 1~100 MPa ORIZ94H L T W
5Z&, ZTUTHRNIZBET 5 Ao DAEITIEEWE RO ZAL (ditk) »WFEET 5 2 LS
M o7z. UT, FERIER VTR HE RE S, WE» SHN D IZON TR 25
[, SV EST 2N S 7 FRifbEE TR ONS. Wi N T 7R CHRAE LB T E
HELE T Z2BRW TS B TENIEFITE L, MR E S WHIICHIG L TW5b. MEEME
DJFFATHNZ Ao DIEFIT & WIS G ANE S O i e BEREOIEMIZH H, BEKEILH
HITHHENZHEE I NT VS AT X vy TOIEMEBRIZ Y725, £7-, MiE#HSCTHRELZEY
{4 slow slip event (SSE) (ZHRERIEHEID W DIEH IZE VI FEZ /R THEIBTIEFEEL TN
Zems, TNSDHEEBMNSSE DN TIZHRoTWEEEZSNS. KRXTHS TR 72/H
PHFERIZ BT 2 I T RO, [ERFEAEVPEE S 5 ERME O RED) ¥ #l O &b
EALIZ N CTRIZS DEERERTH 5.
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WEEBDHEEL TH5E. £3, PRESHEHDARZ MG, TNEFND t ZHRELE. Q IX
FAWE fITARIE L TEALT 22 eBHSNTHED, 1HzD Qo 2HWT Q = Qof* & RHINS.
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DZEMDMHEHERE U7z, T DR, BERGEINI BEZR T RHIZA S 0T W5 5 O REHEEED
FERZ IV RRANVUTETIMEL, ARG T ¢ ) EVifE (PHS) 7L — b EHIZEHDOET V%
BHUZ., NEZT7 714 D8R, LFOZ R o7z. —HOEBIZE W TEE TR EIREE
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MR T ER NS 2 (B4R S DB, BRI DIA A 01T &k 2 BT e, HBRINEOREMEIC & 0 o
ITANF=DRANEET 25 2 212 K2R, HERAEO S > XA X D EPEELT 2 2 &
& BHELEEZEL 5. BFIIZADE TOEMMERE LIS, BTz DA O JEHE I 13
QDWW THS Q™ EHVWTREI N, WIS (fQ™!) LIKILWE (SQ~ 1) ofle LTHRbX
ha [FlZIE, Sato et al. (2012)]. ISR S 1Q™T & SQ~ ! 2 ML THET 2% 170
NTWBH Bl ZIE, Hoshiba (1993) 7 Y], #id$2MBKHERENES I 7+ DX Q™ ZH
ELTWS., GAHONTMEREZER SN D KPE ﬁ?éﬁﬁV@ﬁbfﬁk?é:tﬁﬂam
THH WA, Karato (2003)], HFEERHIZENWTIZZ 7 v 7% Z ZIZA DA TRKITHLTZ L 7=
Pie SIED Q! OZLDE NI N T WS [HlZ1E, Winkler and Nur (1982)]. HuBRkpNEB
DIREIREDLHAD DA 2D LT, Q' OZEMOHEHET I LITEETH 5.

WER A I RBIRRE, LR OV 2 B O AR, MBREIERE D 2 2 AR ENTE D,
WEB 22 2 2i2&>TC, MTFOIFMMEMEORE I 2L I ENTES. EFEKRED
WEBH T — X SEFBRE LD Q7 2EVWMBENRTA—K 2L, Tho2WfEiiTsIL
WZEoTQ ' D3WMTEMNHNFARSNT WS, ZTOFHEL LT, HMERBENES T 740
Hb. MENKDNES T 7 11 Aki and Lee (1976) 23ER T — X OWfRTIZ & 0, ZIRIEHIZED
B L7271y 7 NOHIEREE OB % kb - MEWREE ER) NET T 74 RERYITHD, T
DT TR TN T E /2. 1980 AR, HUBBGHE L & HICHBKBEENES Z 7«
biThbNnsd &S50, Kz 2000 FRKE, MERELSOEMPIIEBORRE L &£ IZZ O
ZEflEIE I L TW 5 [Eberhart-Phillips and Chadwick (2002) 72 £]. HAIZBEWTH 2010 4£4RIZ
AD, BACHEREE TS S 7 1« BPiThbNTWWa [Nakajima et al. (2013) 72 &].

A P 0 VR VR S R R T e & BB E TN 2 TR R 1200 km (285 &5 (Fig. 0-1). 7«
Ve TV — b DILARAAIT & > THINS K OHFINERAPFEEL TV, Bl Ok
W & AbERERIN, thEREREN, mMEEHERINC 2T o, TRNENDOEIZ N AT X vy 7, FIXF vy
T D, £z, WIERZITZMME ST 7 e Sbhh, EENRMELTH D, 2RO ERE? 6L
TW3 [Sibuet et al. (1987), Kamata and Kodama (1994)]. 7z, JLIRERGIND b A Z FIE1E KL
IEEPEFRTH Y, EFETIE 2015 FFIZTDKREBEZEAL TWE, HEEEHIERIIERTH D,
1997 472 & 20 AN B SERFE BT 28T O IR A R B I (F-net) (2 & > TEIED Centroid
Moment Tensor (CMT) fi#A e = 72 5= 13 4600 LA LT, [FRIHHRIZ PR HAS (Jupish s 28 & i
HAGIZPTC) THESINAZMBO 22U ETHD. BELABBOKRSBRHENFEELTED, 1771
EONEINHIEIC X 2 HEREHEE2 KIFL TE 72 (Fig. 0-2 : HEARM Web 31 kb)), 2D
728, FAPHE TRERENTHI NI MEICS T 2MEHONMAEE 2B THE L EX S
ns.

EAEDFEEGEIS I B 1T 2 MIEFRR%E & LT, Kubo and Fukuyama (2003) 1% Z D T ¥
AU HIED CMT fi# % W TR 85 O HUsiME 2 585 L 72, Nishimura et al. (2004) 1328 H)
T— R EMNTL, FEPEEEICE T B MR EMEEE B S 222 U7z, Nishimura (2014) (& Z Ot
RS 5 200 BLE DKM slow slip event (SSE) OWifE € 7 V&2 HEE U7z, HEREE M€
7"Z 7 4 1% Sadeghi et al. (2000), Nakamura et al. (2003), Wang et al. (2008), Yamamoto et
al. (2018) R X THWEINTHY, M5 7 TOMEERYE, HEBEENICBI2ERT Y VIt
L SEHAM) SSE ORISR EDH ST o TWA. LA L, MlE#HEICB I 2HMBENBRE TS5
THEINFEFTIELAEHTONTVRY. £/, ZOHIBICE T AMEH Y Ia L —2avizh
Wk Q 2 B UHPHEE 7V IZHBEE DAMER S T v wn., By, Q @ 3 R4y
I3 N OEEIREOF AP A2 M ECEETH L. TN TR, ERRMEFEHOHT
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Fig. 0-1: Tectonic setting in the Rykyu arc.
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MR IX B, (RIBRE, HUBRMED 3 DOREN AR EFNTVWS, TDO5H, B
JRMEIZDOWT, ZTOARY MVHMEABEBMTT 7y bTH D, ZD L )VIEE T OB &K
BOREIERTMBE—RAY N My IZHHIT 2. ZORRT MVIda—F B f. 252 EA
PRAT w2 ANZHE > TIA T 5 [Aki (1967), Brune (1970, 1971)]. I —FAREIIWES 1 X
CER) ITRIBIL, HMBOBBAKRE WEE (WY 1 XBKREWVIZE) EABRE 2 5. WEh
BRI OIS ZE A ZRTIGHETE Ao ZHEDOT R BLWEY 1 XOHIZHHIT % [Eshelby
(1957)]. IHBETEZ —EL L5E, MET—AY b a—FAREKOMIZ My o« f73 OB
DD ALD (HEMML self-similar). U U, FEERE EELOBEBAK D L2225\ [HlA
I¥, Mayeda and Walter (1996)]. F7z, 5 Jf& FEICHHEMEAR S5 [HlAIE, Allmann and
Shearer (2009)]. HEE—A Y b a—FHEBE (D VW@ 1 X) OE DR (BIFA T —
V) RS T BEOHIBIEIC DO W T 2475 2 &1k, BIZEROBMEZ T, R ET
LIRS 2 MEH FHICHLEETH 5.

BIRA T — ) v 71T 2R IF R R TN T WA, JEHETIE Allmann and Shearer (2009)
PR FTHRAELUZ my > 5.5 DHEIZOWT, BIRAXRT NVEETIV - 74y T4 L, I—
FIRBEA IS R EEHEE L2, HAIZEWTIX, Oth (2013) AU D 5 HALIZ H 1) T
K-NET & & U KiK-net THH S N7z R E 2 W T 3 — F R A OIS B T &2 HE U7,
TS IFHEE 30 km & D EWHLE % crustal earthquake, #WHIE % subcrustal earthquake & 77 %H
U, 0.1~100 MPa &\»5 3 HIZ RS Ia I NEOZEMOBERNZMET 2L & 512, A, H
HARTIX0.1~1 MPa 2’58 5 DIZH L, PHATIE 1~10 MPa, JuMTIZ 10 MPa LA EAYH
WY 272Y, RIETEOBAMOERAIPRKENT &2 S22 U7, Tajima and Tajima
(2007) % Somei et al. (2014) IZHARIZEIF 2 KHE L ZORBIZEIT 2 31—FARKEH#EL,
WERIZEDB AT =V Y TOENZEIZDOWTHEM L7z, FHTH Somei et al. (2014) 133 — XD
AR MVILE AW #EEE (Bl 21X, Mayeda et al. (2007)] Z8RA L, EZERMEOME 22T
RN D —F B OHEE 217> TV 5.

A, I—FEEBUIRIEAT — ) v 7 OMEDHN THIBIKOME N €2 F 7 « OWZLTHE
EINTWD., AR MU SR OERBRMEZ M U, HEROIEHMIREICET 285 A —
REf327-0I17, BIRRECHBREZI D RS BERDH 205 TH 5. RHZEIFRHME & JEHE
WBEIT L HITERAPEEDANRT NVEABAIE L7720, WHOMIZIEZ NV —F - 4 7BERH» a6
INTVWD [HlZIX, Ko et al (2012a)]. £I T, Nakajima et al. (2013) 24D & LT, FHATIZ
I—F R ERE L, FRINAZERART MVERLUZ ET, BEATA—ZE2HET D0
FWHZTWD., TDELIFAT =Y V7D %7 > TWRWA, Kita and Katsumata (2015)
FALEEDOWE N ES T 7 1« OBICHEE L7z 3 —FEEBEHNT, A7 THNORAFETRIZD
Wi L TWa. MR - /N (2015) IPEREHARIZBWTIHE €S 5 7 1 217 5B, Somel et
al. (2014) DIENTFIEZHEIE L T Myya > 3.0 DHIEED 0 —F Fs e HiEE Lz, TOME, 1
M HARTHAE L ZMEDR I FEIZ0.1~10 MPa D TH 5 Z & Z/R_ L7z (Fig. 1-1).

FEPEREEIZ DWW T, Kubo and Fukuyama (2003) 28 Z OISR TRAE LU ZHEDOE—A b - 7
VY MBERMR U, I60% (RGO OMISEEZERL TWa. UL, BT &0 g
RERAT =) VT AMRIIZOMIKICBEWTIZE A CTTbT WA, B 1ETIE, M
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FHEEBIZBVWTHENES 7 7 4 IZBBERBENTA =X E2HET 27-DIZBELRERANRY b
NDA—FEARBEZHET 5. ElEEZEEICBVWTEHINZA R MDD SEI—XDART dL
e HWT, a—FElEE#E, B TE2Z2EHL, A=V v 7plulsittn Y 2#R7 5.
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Fig. 1-1: S-wave corner frequency f. versus the seismic moment M, for events in south west
Japan [Komatsu and Oda (2015)]. Error bar of each event indicates the standard deviation of
estimated f.. Each of Gray thick lines shows a constant stress drop. Width of the line arises

from the range of S-wave velocity in the vicinity of hypocenter.

2 T—%

ARG TIERR)T, BRI AHM g2 (SR BB : Hinet), BEWEEXR, LMK, &
IR, FEBKZBGSSZEHT, BORKFHEZEANC & o TR X 17z 173 Bl A o M w sl i
ZAT U7z (Fig. 1-2 D =), WG e 9 2RI 2002 46 HA2* 5 2017 4£ 5 H £ TD 15 4F[H
CEETERE S O ALHE 23 E~32 [, B 122 E~132 O THRE L, 2 DB SR O LR
FEBLHE (Fnet) ICX > TE—A Y T VY LUBPREINIZHDTH S (Fig. 1-2 DAL, Gt
4326 fEl DHEEIZ D\WT, B SERHA O R HRBUAHYE (Hinet) D7 —& - XU vua—F - 34k
(http://www.hinet.bosai.go.jp/TLANG=ja, 2018 /£ 4 H 16 HZ) TR INTWEH 1 X b
BT — 22K L7z, 20T —RIFKRET — bR OBRIFREICHW o n I TH v,
Hi-net DA T4 HARATEBI N T WAL RBIHMOKIEL#EHI & EN TS, NELT—
K1 Win32 LIEENZEAD 720D, FY A M TRAEINTWAY 7 b2HL, 7AF—FAIZ
BHUT-. 72, TOBRIZEEPEI B L TWE T —XIZRELZ. AT TRy, LKL
EF = RICREDOH ZHEERNT, BaF4227 A XY MHMHEHARETH - 72, &b, HEDOEHK
EHRIZL[ET B Z AL LT0E D, ERIEDES DA Fnet TA N Z X LRE S 7B
DERI ZMHEALZ. KPTOERIZ K > THRE I NABIFROFES I XRCTRERHENEL, Ml
B ORI TR EICEVENEBGFEELTLE >0 TH 5 (Fig. 1-3a, b). —J, F-net %
WE 749 T4V TEHIETEFEDADZALEEZ 2O TE Y, FlMilE @Y 2% TR
FoTW3 (Fig. 1-3c).
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3.

Fig. 1-2: Distribution of hypocenters and stations used in this study. Colored circles denote
events used in this study, where the color variation shows with the focal depths. Black triangles

indicate the stations used in this study.
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Fig. 1-3: Comparison between the focal depths determined by JMA and F-net.
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3 Fi&

i HHOHEIZDOWT j HHOBMR TR E N HEED AR bV O(f) IZBAFD & S (2
KIATE % [HIZIX, Scherbaum (1990)],

0ij (f) = Qoi - Si(f) - L;(f) - C5(f) - Bij (f)- (1-1)

ZZT, Qo FABBITKRELRWET, BROBAFMELREREENS. S(f) IZEFEARS b
VT w2 Jl [Brune (1970, 1971)] iI2f€V, U FORTRI N 5.

B Mo;
1 + (f/fci)27

ZIT, My FHEBE—RAV D, foi BEBFEARS MVOI—F R THZ. 72, L(f) EBUH
ROGHERE, C;(f) (ZBURRIE N OMBRIERE, By, (f) IMERERERE GRS Q O
B)ThDH. A—FRAPEEEOER AT A =R % S(f) POWELEVE E, [(f) IFHIETRE
EH, ZOMDELHEHTEILIITERN. ZNET, Q ZIRELTARY MLOMIEEIT-
7= ETHERE T 2 i I AE, Tio (1986)], #Ux FHWTRIHZ 2L THEE S 5 41 [BIZ X, A
H - A& (1986), Oth (2013)], EIENZEFED 2 DOMEIZE T 2 AT MVELZE AW THEE
5 (BIAIE, =% - (1997)] 2B 5. 1 D2HOAEFXQ ZELKIKET 2HEINDH 5.
2 OHDOAEIMUDEE D ML —F - A 71T %M IIVBBETHS. 3OHOFHKIZ2DD
MR OWEREIEZR O LA UITT 52 LT, FEMMERELR EDEBRKROMEL X v LT
LZENTESL. 127U, 2200BFENHNTVEGEIIMEBRMENEDL S -80, HEHTER.
A, 23— XEOMEZAWT I —FRIEBDHEE TN D & 5127572 [HlZ1E, Mayeda et al.
(2007)]. Aki and Chouet (1975) IZ KUK, SIKD 2 — L IFHE R DOEELIZ & D (ZRERIEE D& %
BT B eNTE, TOARZ PV OL(f,t) R TFORATERI NG,

Si(f) (1-2)

O5(f,t) = Si(f) - L (f) - PS5 (f.1), (1-3)

Z T, Pg(f, t) X3 — XPORBEREFIRETH 5. 3 — X P ORERFRTRAME DSHIE ORI X
53 H U THAME [Aki and Chouet (1975)] Z W AUE, —DDOHIE, HE1 LHMiE20DI—X
BDART NV SPR12j<f) (=4

_ 05 Si(f) _ Mo 1+ (f/fer)?
05, Sa(f) Moz 1+ (f/fa)?

L0, BEARY PLVOTERBING, DED, I—XFEDARY MLILEAVWIUL, ZEL
TZDOOMED I —FRREBCHEE—A Y MO ERD B Z LA TES. Mayeda et al. (2007)
X° Somei et al. (2014) IZFZDHFEZFITEOSVWTENETNT A 1, HRAOHMEZ L L Ta—
FRBEEEHEL, BEAT—) VI E2ERLT.

/MR - /N (2015), Komatsu et al. (2017) Tld, Somei et al. (2014) (2 &5 fHiEz8HAL, B
TOFIETa—F HBPEOHE &7 5 7.

SPR2;(f) (1-4)

1. 2O0DHIEORT 238INT 2. FOB, 200MMED~Y Y =F 2 — R 1.0 LA E, 2R
100 km AN DS % 3% € U 7=

2. [A—DEWPRT, 3WHWIED SHEI— X2 10 PEIN=V ZTEBTYIVED, FFTIZLD
AR MVEERET S, ZoeE, a—XFEOYIDED KR To; & Teiy = 2Tsij + Tpi &
$5. ZIZT, Tsij ESEERTHS. Tp; 1 Ekstrom et al. (2005) 12 & 2 EIHMERCHFH]
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T, Tp; =2.10 x 1078 (My; x 10")1/3 TH % (My; DHALIZ Nm). 7272L, 2 DOMEDE
TG S e U7 GBS BT, Teoyy & Tegy IR, JBOVEZIZ Y0 ELD BRI & § 5
(Fig. 1-4).

. K (1994) DF 27 - 94 Y RO ZHWTEBED DAY MLEFEL, 3D ENRT ML
BKT 5.

C2DDOHEDOBWTARY MV ZETOBNATHEAL, FERI L IizZ2n s OXECTEY
ZEtE T 5.

VY RY—FIZED, 1~10 Hz DXIZBWTLA RO R R/NE B ZD2DOD
J—F R ERD 5.

2
o log [SPRYP(fi)| — log [SPRIG(fi)| ™ log(firs1) — log(fi-1)

>

— . 1-
] log S-D.(fr) 2 min. (1-5)

ZIT, fulk=1,2,...,N) & f 2L L 72 k BHOABE, SPROEZS(fi) BBIIA <2
NVILDETYE, S.D.(fi) & SPRYES(fi,) DR, SPRE(fi) 1E58 (1-4) THHA
SNFBFHARY PILETH 5.

R A RY S THEHEO 3 —F HBEPHE S NG E (XY MR DPEBH E NG E),
ZT OB 2RI 5.

| Event 1

0 10 20 30 40 50 60 70
Lapse time [s]

Fig. 1-4: Example of coda waves from Komatsu and Oda (2015). The lapse time is measured

from the earthquake origin time. T's; and T'so denote the S-wave travel times for the Events 1

and 2. Shaded areas of seismograms are the coda waves, which are used for the spectral ratio

analysis.

B, FNE5 OFHAZFET 2 FPHXEIZS/N AL E2BEIC1~10Hz L LTWA., 20D
XTI —F BB EBEE SNDEEICOVT, BETF AN TRIELTH Y, BA10 %fEED
AETHEMDEE D Z LD h 572 [/IMA - /NH (2015) @ Table 2]. Somei et al. (2014) Tld, HifE
E—A Y MZDOWT F-net TRED SNTWAHIEZMAL TWSAY, /MR - /N (2015), Komatsu
et al. (2017) TIFMEIEBIAMET 2 HE - WUEHS D F-net TE—A Y M T VYV IAKE STV
WY T =Fa—RONIRARY MBFS72DIZ, UFOFIETEEZIT>TWS.
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1. HEE— AV IDHMEINTVAIHER L TRT 2HlA, HIEE—XA Y MAEBERELTaI—
F A E HERE

2. FE 1 CHE LI —FREEBREFEINTVWAHEE— A Y F2HWVT, BEINTVA
WHIEDOHIEE — A Y b & O—F R HEE.

LU, AT RL T AMEE ISR THIEEENERT, HET— XY MRHEXH
TWABHIENZ . FD7z, FIE1 DOATI—FEFRBOHE 2T 7.
AHEIZBEVWTE, U EOBEZEIZLTWAED, UTOLHLEAND .

o MEDRY ZflUERDOSRM 2 A NIZLEL /2.

— 22D A Ry M OERMEHED 100 km PAA.
— 2DDARY MDY T =ZF2a—RDEN05 L E

e Imanishi and Ellsworth (2006) %32, K& (10.24 ) 2232965 LA S 4 KD
AR MVEEFHET 5.

o AR MF0.2~20 Hz DRIHIZEWTHM ETCEMEE b L5207 v 79 5.

o ARV MIVHDIEHIZE 59, TRTOARZ FMILIZDOWTOD L1 IV AZFR L 3 5.

[ CERI S OIRIIZDOWT, 4 RKDARY MV EFHET L0, Bl E TIFHEBRN SN
L, TOBEOT—RE2WETERLWEZOTHS. VI T ) v 735 IRl AME 5 D %
i<z Thsb., BARMIZIE fo~f. HZz ETORIBIZBWT N ZV SV 7Y v 7T 554,

_ log fo —log fs
- N

log fi = log fs + Af x (1 - 1) (1-7)

EU, 1ZEHOV Y YTV VI RUEWT, A log f + Af OFEIFHT AR MVHRIED LY
ZED (7272, S/N >3.0 DIRIEDAZHNS), B fi TOAXRZ MURIEE L. 22T,
fs =0.2 Hz, f.=200HzT»HYH, N=15&L7. T5&, Af,=0133¢ 7%5%. AXRZ LD
R E 5T, BART MVHOLL /)VA%E 2 B0, AXRT MVEOVHEZE L 5 O E
DHEZRWT 2720 TH 2 [HlZIX, Menke (2016)]. EARNZIE, MU TFOFHE A% HHT 5.

Af (1-6)

N M

> > " [log SPRYP(fi) — log SPRE5"(f)| = min. (1-8)

k=1j=1
HeE XNz —FRBEEEZHCTROETE Ac ZULFOAA 53K 2 [Brune (1970, 1971), Oth
(2013)],

f 3
Aa:85m@(5> (1-9)

ZZT, BIEEIED SEHEE (m/s) TH D, AW TIXERT O IMA2001 €TV [ L5 -t (2002)]
EHATA. B, AROHEET—2AY b My O¥AIlZ Nm TH 5.
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4 R

AHFFETIE 268,064 fHD A XY FRT DS B, 44,721 RTIZDOWC A—F AR EHET S Z
EMTER, ZDETE, ALARY MZOWT 10 EDORTIZE > THEE S 7z 2189 1 N
Y MO a—FHEEERT. Fig. 1-512 32— FREEEHEE OF %R d. IKEOFIISBIAICB T
BARY MVIHET, FEEAR (1-8) W& 725 L EOHGHRART MLk TH S, R (1-8) 12L& B
L1 /I)VADFHIIZ L D, ART MIVOANIEDEE Z/NI K L EDTNWE I LD N5. HES
Nz a—FEEEREEE— A > bOBIfRZ Fig. 1-6(a) IR T, FNOBFROES L THY
FLTWa., 7, R(1-9) 2HVTEHE LGB TE D1 &5 WT WD, a—F N
B% Mw3.3~6.7 OFiPHT, BEAUSIFE FE 1~100 MPa(A Y7 Vi 10 MPa) OIZ#EE ST T
W3BZ &N h B (Fig. 1-6(b)).

2009/07/16 19:48:14.16 24 0943N 122.2210E 35.00km Mw5.4
2008/11/15 23:47:50.05 24 9307N 122.2158E 104.00km Mw4.7

2013/05/21 17:25:56.03 23.4240N 123.7510E 20.00km Mw5.4
2016/03/07 00:08:57.83 23 2220N 123.3273E 17.00km Mwd.6
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Fig. 1-5: Example of spectral ratio of S-coda waves from two earthquakes. Gray lines indicate
the spectral amplitude ratios of S-coda waves recorded at the stations. Points on each line
show the values of the spectral ratios at the collocated frequencies. Red thick line denotes the

best-fitted theoretical spectral-ratio line.

Fig. 1-7(a) WIS BT EZHN Eic 7oy U2 DERT. Z0OF F TIREMMZMEDOZ1L
PHRSIZEZ2MEAP DD IZ VDT, EBIHOHEE 25 km PAT% % crustal earthquake (AR, CE),
Z NLAH % subcrustal earthquake (PA'R, SCE) & L THI T, TNTENNFRDAL—Y VT %
fio7z. Oth (2013) DFMEIZHE, 4250 km OFIHN DG T EE2 B L. 208, M
NDOA Ry MUE3 DL EE L. ZOM%Z 0.1 ETOE»L, BEIESEZ L& 572, Fig. 1-7(b) &
(c) IZZDFERZRT. CEIZDWT, MAMDE (bbb, High) w2 e nnsd. #
e LT, mrl, RHCdE@EficimkE FE S <, WL 7 (Fig. 1-6 OF WO th O aE)
ZBWT, IshBETFEMEV. £72, GBMCRIBETENE V. SCEIICDWT, Rl (PHS
AT TINEIRY v FIVOER ETIZHE L TW A3 ICHR) TG FEAMRWHEA R S5,

Fig. 1-8 IZHREKIEED S ORFHFHCIo IR TREZRRLZEDTHS. MHEEZT 73X vy
T ATFKry TERBIZLUTENTNGE, MW, NA IO 3HSICAEIL TEE S T2,
£ U, CEIXE#EN SN T 712 TR NENEAD L, Wl s Z 7N TIRIZEIEN IR
LAV H D, ZONHOMHBREIX-037 TH D, FHOADHEZRLTWS. —J, SCEIFH
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Corner Frequency VS Seismic Moment
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Fig. 1-6: (a) S-wave corner frequency f. versus the seismic moment My. Error bar indicates the
standard deviation of f.. Pink thick lines show a constant stress drop. Width of each line arises
from the range of S-wave velocity in the vicinity of hypocenters. (b) Histogram of the stress
drop distribution.
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Fig. 1-7: Lateral variation of the stress drops. (a) Distribution of the stress drops. Spatially
smoothed (b) crustal and (c) subcrustal earthquake stress drops. Black thick line indicates the
Ryukyu trench. Black dashed lines are isodepth contours of the plate interface with a contour
interval of 25 km. The area surrounded by blue dashed line is the Okinawa trough [Kamata
and Kodama (1994)]. Black circles indicate the epicenters of the events whose stress drops have

been estimated in this study. Red and peach triangles denote the active and the Quaternary

volcanoes, respectively.
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Fig. 1-8: Distribution of the stress drop along distance from the Ryukyu trench for (a) crustal
events and (b) subcrustal events. Red, green and blue colored circles and lines indicate the

events and position of the Okinawa trough in Sakishima, Okinawa, Tokara region, respectively.

Fig. 1-9 IXBHROEZ 1T T2 TEOE /I ZRLTWD. FEEMHEIZHEE 40 km £ TIRIE
BEEWT, ST A0 km L ETAHAUMKT S, —RESKGEUELR D2 LSRR D, E62EH
KEL, IHITHEVWHEBED T — 2Dz, HEOHETIERV. AUEIOHEIZEN
TIGNIBETEIZRK2HIOMELH D, CE ZELHRVHIEICE W TRIZIGTIE TEDIEA AN,

Fig. 1-101%, CE 2 SCE (B IFAHBE— XAV b IEHBETFEOBFEEZRLTWS. IE50%
BhR Y KREL, HEE— XY FOUREEE 2O LA, SCE OO T My 03
A VIZiEW. Mayeda and Walter (1996) 17 A U AP OB DG N EZ#HEL, HMEE—
AV b e BTSN TR MY BT 2222 RLTED, ZOBRITE.

Fig. 1-11 1% f. & My OBRZHEFREIRPERA N = XL T LITRLTWS, 2189 1 NV bk
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Fig. 1-9: Stress drops versus depth. Red line shows the log averaged values over 10 km depth

bins. Red dashed lines show the log standard deviations.
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Fig. 1-10: Stress drop versus seismic moment. Black dashed line indicates M(} /* line.
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EUTOEICHME L. b, M7 7 TRELZHEIL Fig. 1-120 L3 4L TWA.
e crustal earthquake (CE)

— PPN T 7 OANMITTHE L 2 HIE (Fig. 1-12 DARAL)

— WS T T X0 AMUTHRAE L 2 HE (Fig. 1-12 OfFAL)
7y, MmO 1 Kamata and Kodama (1994) 12X 5.

e subcrustal eathquake (SCE)

INSDOATIVIZBWT, ISIZIERERA 7, #InWE X1 7, HEiE X1 TI2a8EL 7.
Wifg % 1 71Z F-net THEINTVWERKA XY NOWIET XD A%\ T Shearer et al. (2006)
DSFIETHFBEUHP -1, 1] D85 A=K 05, [-1, 0.25] ZIEWE, [-0.25, 0.25] % /3 i E,
(0.25, 1] Z¥lrfE & UTHEL 2. Fig. 1-11 DFRWEEFRI log f. & log My IZ DWW T D[AIFERR T
HRETHIFAZ KRG L 7. T 517, Kanamori and Rieva (2004) K DEAI Nz e LWV H T A —
RERDZ., ZlE, My fc_(3+€) TEHEIN, e=00D & F self-similar IR A7 —1V) V7T, e’
EZEHEE—A LV PEEHITGIETENEARL, ARZLHEATHI L 2EKT 5. Fig. 1-11
£V, BTOHAEIZB VT e < 0 T self-similar IZE D 2> TWRW. T70DHKESRHEIZ LN
ST EMBATAHEAICH . 21Uk Oth (2013) 12X > T, WM TH FERROIER IS LT
Wb, UL, MOBETRT LT, ZOMEIZRIETEOKRE ZOMISMHEIZ L ZANTDH
DTH5.

JEHBETREEEBIFEA =X LOBFBE Fig. 1-1312R7. B BIEIX Fig. 1-11 D0 % & ARk
IZ Shearer et al. (2006) DFMEGIETROZEDTH D, -1 ITEWER, 0 FEET N, 1135
Wi %2R T, IGHBETRDIZS DENKRENLD, AHZ AL BEEFEEZZ-E VRSN
2\, CEZDWTHHE N T 7 THRAE L ZHMUE & 2N DS OIS TRAE L 72 HERIZH T TRRT S
L, INSIBETENME N T 7THNTELS, TSt TEWERDZ RSN 5.

5 F&om

Fig. 1-6 & b, AMFZETHE S N7 3 — F A EBUIMARIS DB N & 1~100 MPa(A V7 Vi31E
IX 10 MPa) O#IPHIZ N L TNWD Z e ah o7z, Fig. 1-70 6, 5 NEOE MO 2/ 2
{EAIEFICIR S, HUSMED D B Z & D33 hr o 72, Tsai (1997) 1 ATE THA U 72 Hi5E O NLEEE
FLEREMNTL, I—FEEBM TG T REEREEL TV, TOMETIX, ABTRELE
Mo H310M~10% Nm OHIFED G N &EIZ 1~100 MPa ORICAHE L TH Y, AFEOH
REFABEDHS. —H, Oth (2013) FHAFESTRAELZHEBIZDOWTART bLA Y N—=T 3
VEITV, ROOSNZEIFART VP SEFANT A =X 2HE L. H#X 30 km BLE D crustal
eathquake IZ DWW THERE X N7z n 1 FEIFAMIZBWTEIZ 0.1~3 MPa, SuMIZHBWTEIZ 3
~20 MPa TH o7z, JUMHS DI FEISAMITTHE S N b7 75 Eh S G B
DS T & (Fig.1-7) \ZE\W. 7272, Tsai (1997) $ Oth (2013) IG5 N RO HEE HIEHBA
MIECTHWHIEE R B DT, ZOMMHE (Hi L ~)V) 2 BB 5 Z i3 TERWn. K
Wioe L kD HiEzEHWT, HASETHRAELZAHEL ZORERINDO AR MUVHERS I —
T JEIE & HEE U 72 Somei et al. (2014) OFEFRIZIEIIBE F & 0.02~26 MPa O THEE X T
5. WEHADHE N TS T 7 4 OBIZ I — F AR A HEE U 72/ME - /N (2015) OFERIZ 0.1~
10 MPa O THE SN T WD, KIS THE L7z 2 —F AEE % Allmann and Shearer (2009)
® Figure 8 12 71w b U7z (Fig. 1-14). Allmann and Shearer (2009) (& A D X XPHED K
BHEEZ SR LTED, ZOXKTIEZDOMOBEEMIEDORERL LHIZTEY hINTWS.
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Fig. 1-11: S-wave corner frequency f. versus the seismic moment My for (a) crustal and sub-
crustal earthquakes and earthquakes (b) inside and outside of the Okinawa Trough. Blue and
green lines show constant stress drops for 1, 10 and 100 MPa assuming Vs 3.5 and 4.0 km/s,
respectively. Red dashed line is the regression line for log f. and log Mj.
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Fig. 1-11: (continued)
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Fig. 1-12: Crustal earthquakes inside (red circles) and outside (green circles) of the Okinawa
trough.

fRITFIEN TN T NRR D 720, MIHEO LB XS XN EEZ DS, Mw3~7 £ TIRISHBE N E
13 0.1~100 MPa @ 3 #i % OHIFITLH L T\ 5.

W& L7z T RO E & 513U WA 7z, #ipT —&, MR [Hd - (2004)],
KA XY b, B AT—2Y v 7 (SSE) OWiE 745 [Nishimura (2014)], BifEo X
SHMEDO DA% 71y b UTz (Fig. 1-15). QETREIRT 1926 FFLARIZFHEAE L 72 Myya > 6.5 D
MEEEHTTaY U7, HREGRE (Fig. 1-15(b)) (ZEIMOMHE N 5 7 TE <, BTl C AL
PR NMEFIZ D O, IS TR EHEBIL TWD. Oth (2013) IEAMD KILH % b & U 7z
NENE CHBRAREDS L SHIGL TE D, G T 80222 b A s P o 24 81 filE £
TW3 (EWHLZ 5 &, seismogenic zone DE S ITMHFLTWVWD) T & & $EHEL 7.

KRB A Ry MZEHT 5 2, Arai et al. (2016) 12 & o THEE S 7= (K8 B HUE 0 F A% (X
DRMOHF) TIE, TN L DEWSCE DILTIFETEME. 1997 225 2013 20T THE
U7z SSE DO Wi/E € 7 )V [Nishimura (2014)] & HiKd 2 &, SSE 3FA L TW 25T & it J1bE T &
WU FOBBRB RSN S, Fig. 1-15(c) ITIMUDORHZ G B R EA @ W Z A 72, FRCAESE
KEACH I O I3 Nishimura et al. (2004) 2SUHARNZHE L2 S 7T - ¥ vy TOEEIC
Hl=d. TNSIESETRERDEWIEIRTIEL SSE A AE L Thiew. 5B T RO E\WHEIRDS SSE
FEBIZF U TARAY TIZHRoTWB EHIZR R 5.

MR N T TR ABICEEL TV AR TIG U N EL S <, RELMES S V. ZOHUKTIX
Lallemand et al. (2013) »%, HMEKEEHEEI ST VTV —hEea—-F3 77—} D
EHERILAARIZDOWTIRHLTED, 2207 L — OEENEIGHETEICBERLTWS & H
Z6N5. BHEOILFOME N T 7N THDRWIS T T RO ESWEGFEIET 5. Z Oz
EEELE SN WEUNFEL, 2, Mypya > 6.5 OHIED 1926 FELUBEIC 2 EFAEL TV
5. ZOMIEET -7 —EHOREVPMHE T TNTRDEWVIEOREZ/RL TS [FEH (2005)],
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Fig. 1-13: Focal-mechanism type versus stress drop (upper panels) over the whole study area and
(lower panels) inside and outside of the Okinawa trough. Red thick and dashed lines indicate

the log-averaged and error of stress drop.
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Fig. 1-14: Seismic moment My versus S-wave corner frequency f. in this study, which is su-
perimposed on Allmann and Shearer’s (2009) figure 8. The results of this study are plotted as
green circles. Red dashed lines show the constant stress drops of 0.1, 1, 10 and 100 MPa.
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EEEDEKRTHEINT VWS I EDRBINS.

Fig. 1-11 T, My & fo DAT =) V72T 5 e 2RD7z. TOFER, MEOEIP A =X
LZE5T e<0THY, HEOHBELRRKEWVZEIRIETEMENWZ B0 -7, ZOXIZ
HHT DL, FHZ fo 10 Hz b < 12725 &, HIEOHIEA/NI K25 L e I TFEDE <
o5 T\W5A. Fig. 1-16 12, B4RV MO HEFREEE—AV b - ¥ =F 22— N &[RRI HIX]
kizFoy Uz, Zan s, RHUCATEROMERNIZ B W TR B FEDPE < DB /NS Wil
ENEWZ RSN DE. ZDIZ LN, Fig. 1110 Te< 0 2B HHEATHY, e < 0IGHETE
OHIFMEIZ LB RPTDEDTHBEZ N D05,

6 fGm

BT S THRAE L E L2 SR, BRARY MLVOa—FFEES SRR
BAEHE U, HEE L 73— FEBUIIG I N E 1~100 MPa(X V7 VIXIEIX 10 MPa) O#iFH
THE I, ZTOZREMDMEIEAFEHRNEADFLET S 2N Uk, HRERIEED S
MW T 7B TEME T T 2D D, Wi N T 7 IXBB R = L E RO
7S TR, HBBGREN S WGATICNIR 5. BEREIRIZ & DI T EMRHZ&E W
BRI, FEHAMY SSE FAEIRITH T 2N T2 oTW0WA., £z, BEICEL TV A HUS T
TEPIEL, 2207V — b OEMBZIRCAAPBRLTWE EER NS, MEFHTHEZ XD &
AT D 72002, IWHETRIZETERAAIA—XTHY, TOHIBHE2EETSZ EHBET
» %5 [Oth (2013)].
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Fig. 1-15: (a) Bathymetric chart, (b) heat flow [Tanaka et al. (2004)], (c) distribution of SSEs
[Nishimura (2014)], and distribution of stress drop for (d) crustal and (e) subcrustal earhquakes.
Black thick line indicates the Ryukyu trench. Black dashed lines are contours of top of the PHS
slab with intervals of 25 km. The region surrounded by blue dashed line is the Okinawa trough
[(Kamata and Kodama (1999)]. Red and peach triangles denote the active and the Quaternary
volcanoes, respectively. White star indicate the Mya > 6.5 earthquakes occurring in the period
from 1926 to 2018. Black thick and dashed rectangles show a fault model of the 1771 Yaeyama
tsunami earthquake [Nakamura (2009)] and the slow slip events (SSEs) occurring in the period
from 1997 to 2013 estimated by Nishimura (2014). Black thick circles inidcate the areas where
low frequency earthquakes occurred [Arai et al. (2016)]. Light red circles denote high Ao

regions.

29



. o &
9!5\ . \q,Q ‘PO . \(ﬁ") ,\'?J

d Crustal (<25km) FF——T———Ac [MPa]
.1 1 2 51020 50100
P
3
e Subcrustal (>25km) P Ac [MPa]
2. 1 2 51020 50100
‘LQ bt
A

Fig. 1-15: (continued.)
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Fig. 1-16: Lateral variation of the stress drops for (a) crustal and (b) subcrustal earthquakes in
terms of event size. Size of each circle increase with the moment magnitude My of the event.
Black thick line indicates the Ryukyu trench. Black dashed lines are contours of top of the PHS
slab with intervals of 25 km. The region surrounded by blue dashed line is the Okinawa trough
[(Kamata and Kodama (1999)]. Red and peach triangles denote the active and the Quaternary

volcanoes, respectively.
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MAREICBSITAHMERRENES ST 1

1 ([EL®IC

HARZNKL UBRENES T 7 4 YO TEML 72D I13EE - BRI (1984) TH 5. 5 1%
FALHIG 2B WT, PEE STHDARY MVILOMHE ZHWT SIED Q(Qs) & & #E L, kil
78y MEFOEEE (K Q) LANEERFEONIEZ /R U7, Sekiguchi (1991) X [FkkD FE TR
B D Qp & % #EE U7z, Hashida and Shimazaki (1984) IXEBE T — X 2 HWZHENES
77 14 %1% L, Hashida and Shimazaki (1985) CEARM /5%, Hashida (1987) THARSIE % X}
RELEMES I 74 2FEML, A7 TOMEME (8 Q) L XILFIZB T 2 &= (KQ) 2RL
2. ZOWERIFBRICMEBEE T — X oEERET —22HWD HIEICHEELT, HAMNETFOM
ERHTHEHNE UENEOHE D2, i - §EFT (2012) I2& > TEMA X 72, Tsumura
et al. (2000) 1& Q &EIF/NT X — X OREIREHfENT 217\, AL O Q W& Z #%E L 7. Sekine
(2005) \& P ik, SkEIE 2 LANORARIEM%Z 7 — X & UL THAED Q fiiGz e L.

2010 FEARIZA D, HILKRFDOWZEE 2 i HARS IS Z R & U= €S T 7 « D5
M ANTTR 57z, Nakajima et al. (2013) IZHALM G 2R E UT, MEREART bvrs K
B2 ZRUZERE  2HEL, PEBENES 77+ 2E L, ¥ MLVOREIZDOWT
amam L C\W5, TR, /EkOFE HAIX, Eberhart-Phillips and Chadwick (2002)] & 5720,
RIFAARY SV D 3 —F A E 3 —XEDART MVibE HWTHSLICHET 52 & Ta—F
JAREE t* Db L — R - A 7RE BRI, Koetal (20122)] ZfiHLTWD. 72, t* HEED
BRIz AR M 2 RN IR O TW S . ZDOFik%E W T Nakajima (2014) (ZEEEM 5 %, Saita
et al. (2015) X JuMHL /5%, Nakajima and Matsuzawa (2017) (ZH MG DE N EZ T 7 1 %
FEiEL T\ 5.

—7%, Eberhart-Phillips and Chadwick (2002) ®Fi%k%HIZ LT, Kita et al. (2014) I&IbyEE
DWHENES T 7 1 Z2{To 7. HKZ 5 1E Nakajima et al. (2013) & [FIBRIC T — F JEIEZE NI
HELTWD., T 51T, Kita and Matsubara (2016) &P HADME N €S T 7 1 2 FEML, &
KA B ED & OBEfRE R L TV A, Liu et al. (2014) IZHALM G DWE N €S T 7 1 % K
U, 2011 FEsRAGH T KRR OB IHO § A~ 0 046 L ERE DO ) &, Q D04 & HiER
IR D KT AR D I DI DWW T U 7z,

NS - INE(2015) VX RIRERIZ PR R H A (Juh 2 & ] - DUEL G 1251 T) @ P IO Q(Qp) #
WERME Uz, a—F I E - K EDART MLVERrSHEL, TOMEHVTHER " %
WUl £z, T FROZLMEICOWTEIET A b Z2HWTHEEL TWD. #EE S iz Qp 18
AT TNTHRE, KUHTERBEEZRL, S SICHIMN- T A EEOEEMR FIZAET 5
5 U T\ BRI AFEAE T B (Fig. 2-1). 51T, KBTI/ =F 2 — N HEREE,» S
O —F AR RO BN ERL, I—XEERBRN, TNENnD 3 —F 7 E W T HM
ol t* POWRE I NIPREREEITREIDENDR LN L 2R LT,

B DEWISIZ B 1T B IWERHE DHEE X LIER D Liu et al. (2014) 7217 T7Z4& <, Rietbrock (2001)
P 1995 4F L IR IE (2D W T, Liu and Zhao (2014) A E§i#E b 7 7 OMUEIZ D WT, Wang
et al. (2017) B &V Komatsu et al. (2017) ¥ 2016 FFREAMBIZOVWTENEFNIT> TN D.
Komatsu et al. (2017) i%, FEARMUEOER A > N—Ya VIZKBZRERTRY O (7 AR
7 4) [Asano and Iwata (2016)] L AERHHEOX G2 R L, F7EFEHRO NIIZRAKRD A Z RIET
B EBEDFEIET 5 Z L 2R U T (Fig. 2-2). 7 AR T 1 OKREIL Z 05 CHiE 5 < 7w
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Fig. 2-1: Horizontal distribution of Qp below southwest Japan by Komatsu and Oda (2015).
Red dashed lines indicate the upper plane of PHS slab corresponding 10 and 40 km depths.

Purple line denotes volcanic front. Black dashed lines point out significant low-Q) zone.

THVLTWB I LZRBL, BIFEFHO BRI NORAKEZRLTWSEEZSNS. ik
EEHEVHEBAARMEO M) H—HE L0, By TV VT UTOWRHEEBNEKE L TR THE
EEFzERLZEEZONS.

CZETHNULEZEENES T 74132 < 056 Q DABEBUKGEN LW EELTWS. L,
— RN Q X FEBUKATFT 2 Z L HIS T WS [FlRIX, Sato et al. (2012)]. Q D& BEMEAFM:
BABBIHzD Q%2 Qo 2T5L, Q=0Qof* LERILINS. Nakajima et al. (2013) 1&~ > bl
DA S AT % BRI D FEERIIFZE 2 F1Z 1927 T Q BT % L& L 7z. Eberhart-Phillips
et al. (2008) 1 Q A% 10 Hz PARE TRMBHKAAZDF < 725 £\ 5 Adams and Abercrombie (1998)
DfafiE Iz, 10 Hz T 059 &L, 10 Hz A EIZEAWEBKE LR W IKE LT hNES T
7 4 %475 T\W5. Stachnik et al. (2004) (ZEBEBUKT @ D o DIEEEZ RN S t* ZHEEL,
RY MV Y, T aDENRRRDZ I Z2R Uz, FES T T A UNTIE, AR LTV
N=TarRa—XEE R\ HEREL S ODMEHIRD D, T 5 DFERMA Sato et al. (2012)
WZEELDHONTWVWD., Q DFEEEMFITITHIBMEDLR SN0, 1 Hz BIBED Q 1% o 2342 0.5 A
51D THEINT VS,

ExRoi@E b, 2010 FEMRLARE, HARZNHRE UAHERBENES 7 71 23S L Efis T
7. UL, WM OREEZEIC DWW TR INE TR AL TTbhTWwiWw., NEZT 710
STk, B B (2007) AR ML - A UN=Va Vit kb, EEEEOBREHNMIZE Y
B9 A MEEREEZ AL > TH D, ZTOBIERERED Q B HEEINTWS. 7z, Ko et al.
(2012b) (XA L L EH#EOMDEERIE -2 Q 2#EE L TE Y, Wi N 7D OBS 5
EFCTORBETHEWMEQ ZRLTWVWD., KX DN 2 CIIMEAEZ R L U MEREE €
77714 %1F7D.

2 T—%

1M THEINZI—FHEBDS> S, 3T ETEE & 5722955 1 RV b 2R E L
7o, BUHARIEKG)T, BB (Hinet), EREBRD 64BN TH 5 (Fig. 2-3). BHIHEEO L
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Fig. 2-2: Qp and Qg structures along the dipping planes including the fault planes of the 2016
Kumamoto earthquake by Komatsu et al. (2017). Circles and triangles indicate the aftershocls
and the volcanoes. Red dashed line indicates large slip region estimated by Asano and Iwata
(2016).

TEIERD D PIRDNLSE BB Z2 YA 57— 3T 3D ELY, FFT OFZIZIRIEA 2 LD
SR b E T o 72, STITFEIRRIZAKE 2 i 28 D ELD, transverse KM E#H L, FFT, A7 K
VDL E T 72, S/N LLOFHIZHHAT 2 7 1 Xid P HELERTO 3WEZUDELD, PiEs
XU S & AR A U 7=,

3 F&
3.1 *DHEE

B (G=1,2,...,. M) IZBWTBHIET N ME i O P D LI SHEOBIIA RS SVIELA
TORTREINS.
L
L+ (f/fe)?
ZIT, Qo FMEE— AV b ERMRELZ GO RIEEIHMN 2R, fuldw? WEKE LSS
DEPFARY bIVD 3 —F HBEE [Brune (1970, 1971)] TH 5. L;(f) IFHEEFFOFHERRAE, G;(f)
B AE T OHERIERE, ¢ (JRIF L BN ORE Q 2 GOWMERT, BN s 1ZHh-
B TUTRD LS IR NS [HIAIX, Scherbaum (1990)].

ds
= - 2-2
raypath Q(a,y.2)V(e,y.2) (2)
ZIT, VIR MEBEETH S, X (2-1) 2Tt 2RO B HIKE LTINE THRA
BEEVBRAESNTWS. TOBE, fu ZBTEEANRT bV & exp(—nft];) & & HIZHEFAPILT
AR MIVIRIEZ B X BB H 5720, WiNTA—XOMIZIE NV — NAT7BFEET D Z
EDHISNTWS (21X, Ko et al,, 2012a). Eberhart-Phillips and Chadwick (2002) I, f.; %

Uij(f) Ii(f) - G (f) - exp(=mfi3;). (2-1)

34



32 50 100 150 200 250 300

R Depth [km]

S

e

-

30°

28’

26

24°
—
100 km
22° S — — E— — — — 22
122° 124° 126° 128° 130° 132°

Fig. 2-3: Events and stations in this study. Colored circle and triangle indicate the epicenter

and the station, respectively. Color of each circle denote the depth of the event.

Uy RY—=FTHX, TOUETND f,; (ICBT 5t ZRABB 0, BIARY ML EHEHANRT |
NOBEFEZRIDPBRNERD L ED foi &t} ZRA L.

INKR <N (2015) TlE, R (2-1) KO IFOFETHEER ¢ 2 il Uz, £9, L(f) 304
U7z Hi-net MEEEF DIGE DHRIEA R T MV TIRZ FH U 72720, MG L2, G,;(f) &R
THR—IVOBHHEEFHLUTWS 720, REOHENDLWEREL, BEHLEZ. ZorE, M
TOAAE D LD,

B Qoi; X
Uii(f) = W/fcz)g -exp(—mft};), (2-3)
ML DE AN E L 5 L,
log Ui (f) = log Qoij — log(1 + (f/fe)?) + (=7 ft};loge) (2-4)

dI—F R EGZTAEUZERARY MLVDIHEEZZLFIK Z & T

log Uj;(f) = log Uy (f) +log(L + (f/ fei)?) = log Quij + (—7 ft]; loge) (2-5)

720, logUp(f) DEEN S, RN_FHEZAWT ] 2RDZHILHTE L. Thid, Ky
BRI AY T4 VT HIET, DOTINMEEARY MUIZB\WT I —FFEE L 0 © &R O
TTAYT A VT BT TREDPFEL 72 Bl Z 1L, Al-Shukri et al. (1990)].

—Ji, Eberhart-Phillips and Chadwick (2002) IZIAFORT ¢, Z#HEL TWE. X (2-3) &
BRIz, jFREOBMIS CBIIE N7z i FHOMBEORERIEA X2 MV Dyj(fi) %,

Dij(f) = (@13 T pds - esp(—m i) (2-6)
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RU. ZIT fr (k=1,2,..,N) ZMBIL U HBEERTH 5. t; 2HET 572010, HED
CIZUATORAEET o7, HIEIZDWT, I—FREK f, 2270y R —FTEMIE, & fu
IZDWT Qo &t 2RO B, BAINTBI S Nz AR 27 PV R (26) & AW T L 7233 A
NI MVOBEFAEZRMPRNE 88 L ED fu, Qi &t ZERMUTZ. Qo & t; OFFRITIZEIT
DXz HWS.

> o< o Dig(fr) - Aij(fr)
Qoij = , -7
" 2 ot Aij (i) - Aij (fr) (2-7)
- Sy (A (fe) fre — Say (D (£1)) fr (2.8)
Y Wfo:l f;? .

T, Ay(fr) R (2-6) B SR LB ARY bV THDH, R (2-7) T t; DYWL
LT, Q=12 UTERELTWS. —J, A (2-8) TIt;;=0 & LTERRAELTWVS.

Kita et al. (2014) 133 —FHEME t;; Db L —F - A 7 28T B72012, HANHE LT —
TP E G Z, A (2-T) £ (2-8) T Qo BLU ] Z7ABS >72. TORE, HBISEZEZEL
T, BHEZ e ICHEE Cj(fk) ZEME L.

C,(f) = exp{ - Sllog Dy() ~log Ay ()} (29)
2T, Ay(fi) ER(2-6) SRR UHEERARY MLV TH S, 72720, S/NHDBRRWARST b
NDBERNTNS. —Qqy &t Z2HEE L722IC, fHIER C;(fy) 2K, TOMHEZER (2-6) i<
o Z L THIBIGEDOMEZITV, B~ Quy &t ZEABD - 72,

AWIFE T, Kita et al. (2014) OfffTFEZRM L, ¢f; OHEEIT 7. TOBK, t7; DB
AR BAT 5720, K (28) ZLUTOL S IHKIR L. Q DREPBIKEIEE Q(f) = Qo(4)°
YARFES B &, 1 ORPEBHAFIER 6,(f) = t5;;(f) ™" £ REBDT [BIAIF, Eberhart-Phillips
et al. (2008)], = (2-8) 1,

_ Xana (A () i~ I8 = Sy (i (i) i~ F6

taij - N 1—
WZk:l fk af(?‘

ZIZT, a lZABEERERCDBENTA—RTHSH. TNETOWSTIE, HlZ 1 Nakajima et al.
(2013) 1% fo=1.0 Hz, a=027 2 LTW5. Tk, ¥V M PALAEEZNRE LTz Jackson et
al. (2002) DFEEFERZFIZL T\W5B. 7z, Eberhart-Phillips et al. (2008) Tl fo=10 Hz,
a=0.5 (fy <I0Hz D& &), a=0.0 (fy >I0 Hz D& &) LHEL TV, ZhiE, N7 H—Iid
PRDIENTIZ & % Adams and Abercrombie (1998) DHFZEIZ & D, 10 Hz PARRIXREEBUR TN R S
NHENVEWIFERIZEDIVT VWS, UL, Q OWFEMEE%E F L D7 Sato et al. (2012) 121%, Q
P30 Hz K DWE THEFEBUKFEL TWB I L2 RINTHED, KX TIEREE L (1~20 Hz)
Taz—ELRET D, KFKETIE, oDz 015956 1.0 £ TEAI RIS X OHEE ZITW,
UTORDEAE —FHPR/NERDEED a ZERHAL .

(2-10)

1 1 X

residual = I Z{N Z(ln Aii(fr) —In Dij(fk))2} (2-11)
ij k=1

ZIZT, LIt T—20BTH5. X (2-6) DS I—FAMBULE 1 HTHE L7ZH D% [H
AU, PO I —FEREIZ/ - /NH (2015) & FABRIZZ 0D 1.73 6% 2K, FHH -t (1985)]
U7,

W E ], O DRE, A7 VO s RSN FH 2 M 2 O % B < 728, JABE fi (k =
L2, NI CHEMBIC AR L5V v T U TR iTo7-. B 1L RO FIELED, f~fe
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Hz ¥ TO®RBIZBWT K@Y > 7V v 73 554,

_ log fe —log fs
Af_447747
log fr = log fs + Af x (k- 1) (2-13)

U, kB/BHOY V7)) VT FITBEWT, EHE log fi £ Af DHEIPHTARY NIVIRIED X HOEY
2LV (272U, SN >2.0 DIRIEDAZEFHAND), JHEE fr TOARY MURIRE L. 22T,
fs=1.0 Hz, f.=20.0HzTd»YH, N=12 & L7=.

(2-12)

3.2 KNEZS74

PELUEZPEBITSEDOt 257 —22 LT, MERBENES T 71 %2175, /MR - /NH
(2015) T, A FOFIET N ET T T 1 2fio7-. ERDM (v,y,2) BT WHE f(x,y,2) I,
NI EOnICR TR EERE T 5 &, i (v,y,2) ZEUD D BT - KE2 HRIDEF 8 HDM T 51
(T3, yj, 230, 4, k = 1,2) OYIBE f(2;,y), 2) ZFHWT, DUTFOREMHEINTRITEZ 5 [Thurber

)L

f(.CC,y,Z):ZZZ :Cz,ngzk (1—
i=1j=1k=1
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RIZMERZ ML THD. GIEA t* OEJE - BHRFIZS T 2 ERZERE THHRBUTHTH 5.
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BRPERE TS 2 W TES.
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2017), VHEE - Ml (2015, 2017), Araiet al. (2016, 2017), Klingelhoefer et al. (2011) TH 5. 7&
B, 37 v FHIE Nakamura et al. (2003) & FkE, ERMEEEOYERE L. 710V HET
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IR, BUNR O, REE2LHL .

RGBT s 7 MUERIROR B2 13 TMA 2001 [ 55 - 4t (2002)] &2 H:1Z5% 2 U7z (Fig. 2-6). _Lkih
i N TN TN —EDHETH D & LU, HmNORKIZEE ((EEBHIE : Vp 6.02 km/s,

38



T E
0 5 10 15 20 25 30 35 40

Depth [km]

Fig. 2-4: Depth distribution of the Moho discontinuity model constructed in this study. Black
dashed lines denote the measurement lines of the previous reflection survays. Colored dots
indicate the depth of the Moho estimated by the previous studies.
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DHE % 2% FHEIZ Uz, £72, AT TOHRE 30 km BAFOHE X, IMA2001 DHEX 30~39.5
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(Ao, B,): reference point
&: rotation angle

— Axis after rotation

Fig. 2-5: (a) Grid distribution for the tomography in this study. Red crosses indicate the grid
positions. Green circle denotes the reference point to rotate the target area. (b) Schematic view

of this rotation procedure.
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Fig. 2-6: 1-D velocity profiles in this tomography employed for (a) the continental crust, mantle,
and for (b) the PHS slab. Brack lines indicate the original JMA2001 model. Red line denote
the velocity profiles used in this study.
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Fig. 2-7: Frequency-dependent factors « versus normalized residuals for t* of P and S waves.
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Fig. 2-8: Examples of spectral fitting for ¢t*. Blue line and black dashed line indicate signal
and noise spectra, respectively. Black and red lines denote averaged spectra before and after

applying correction factor.
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Fig. 2-9: Correction factors for the stations. Red and blue lines indicate the correction factors

of P- and S-wave, respectively.

42



Gy()

Cy(H)

Gi(f)

Gi(H)

G

Cih

Lo bl

4 N.CRNH 4 N.KDIH E 3 N.KORH N.KYAH E 1 N.MJNH E
| R LIS | s [ ) R R | EEg
I SR NPV AN N N IR IV M (N AR MU BUTH PR PPN AR N NN AU NYUTY B
I NMISH E I N.MYJH E I N.NCNH N.OSUH E 3 N.SATH 3
T o N e T o e
[ P [ ol
N.SENH N.UCNH 3 NAKANO

i

||
T

W»—

1 aaluyl

—_— —— — —rrr R
| I | | | i I | | . | | I
I NARU E T OKIERJ FOKIGUS F {SUZUYA F {TAKARA 3
——rrrr P e Ty ——rrrr
| I T | Lo Ll | | L laanl Lo Ll
TAKAZA TAMAG2 TANEG3 TARAMA TASHR2

S

T

T T

| AL

| I T | Lo a1l Lo 1l L Lol L a1l
JTokuno E § YAKUHI E 1 YONAGK YONAGU E 3 YORONJ 3
——rr e ey ——r e
1 2 51021 2 5 10201 2 5 10201 2 5 10201 2 5 10 20
[Hz] [Hz] [Hz] [Hz] [Hz]

Fig. 2-9: (continued.)
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FNES T T OBIZHIEE LTEET S Q7 (IEMIICIX 1 Hz © Q1) Of/ME Qi 122
WTHERD. Q DEPEBMKEMEEZZRLUTVWRVEED MES T 7 1+ D% Bl 21X, Kita and
Matsubara (2016) 72 &] TIHILBELTA T 71E Q >1000 & L CTHEINTWVWD., ZHEHARZ Ml
PRIz Ko THRACMAG D B~ >~ bV D Q 2 H#ERE U 7z Matsuzawa et al. (1989) 1%, HALHLG D
Vi & BT 1500 DA EDEZHEE L TH D, ZORAMEIEHARUE & AR FPEMTHEE & 17z 2600
2500 ThD. BEFILAAGAT TORENEZOGND. 7z, Q DEWEMKTNEE o =0.2
TERLU, (BRI OV Q IZ2 DWW T L T\ 5 Shito et al. (2009) IZKFHER T 71T
BWTH 500~1000 L HELTWS., BEDZens, Q DEAME (%0 Q! @i/ 1% 1000
HLULIE2000 A5 Z 2D 5. AFETIE, £9Q, #EEIHELTHENES T 7 4

2ITW, AJIT—& (6t*) 2B 5 RMS 2 71 v b L7z (Fig. 2-10).

L
RMS = \l % {Z(ét;‘OBS — OtFOAL)2 L (2-20)

=1
ZIZT, StOBS B AN UET =&, stCAL B S HREINZHRETH L. T, Q;l <
0.0005, Qg' < 0.00033 THEEMN —EIEL 2B hbhd. UEESBEZ, FESFTT4D
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Fig. 2-10: RMS curve against minimum Q! values which are set initially for the tomographies.

Red circles indicate the employed initial value for the tomographies.
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Fig. 2-11: Trade-off curves for (a) damping and (b) smoothing parameters for Qp and Qg

inversions. Red circles indicate the values chosen for the final tomograpies.
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Fig. 2-12: P- and S-wave ray density distributions in the tomographies. Black dashed line
indicates the location of the top of the PHS slab at each depth.
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Fig. 2-12: (continued.)
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Fig. 2-13: Result of the CRTs. Black dashed line indicates the location of the top of the PHS
slab at each depth. The region shaded by gray shows low resolution area, where the resolvability
is smaller than 0.7.
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Fig. 2-13: (continued.)
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Fig. 2-14: Result of RRTs. Black dashed line indicates the location of the top of the PHS slab

at each depth.
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N5, Rz, JERAIZBWT, B 50 km 22 5 SIREEEDSHIG IZ [0 > TORN > TV 5.
HIR C 1% Arai et al. (2017) 12 & 2 KEHEEEOHFCHIGL TE D, X 100 km 5 5 @R HE
WO N 2 7 OEREBIZAD > TP TWS. ZOHIKROIEHE 50 km AHEIZHE T, Arai et al.
(2017) XX I/~ ZE O DFHEEZRLTED, ZTOMMEOHBNITEREFERTHS. 20, 7
L= DoDBKIZE > TN 7 7 iIZah o TSN TWE EEZX 6N, Tk
BULHNR COEEORFRED ICBWTHEHE TH S, £7z, BREWH (X7~ - Xvy 7 iHEcs
1 BHER E THERD S EREIZH T TEBEEIIEC T W5,

HIARB OEEZ 20 km 55 50 km (ZMFTDOY Y ML 2w VIZBEWT, AT 7HE _EICEBEE
DRI > TW5., ZOFEBEIFAT Th oI NZmEBERFEKNEEZEZ NS, ZOHIKRE
DPEREFLTIEFEPHIN AT —2 ) v THBHIT T W5 [Heki and Kataoka (2008), Nshimura
(2014)]. WAEDABE =Y v TOFRE L READEGIZDOWTIE, BEEM G250 T Nakajima
and Uchida (2018) IZX > THMINTWS. HolE, A -2V v TRAEICL > THH L
EDEAB DR Z GO LML, A5 7Th6Au—2 ) v TRAESADFEEOMFE, 20—
Uy TRAEZLBHAROHER, FFOEBEALL WO EESEOELUAEELTWS EERLTY
%. Fig. 2-17 CTHA B IZFHET 2L ERX SN2 MMEE AT —2A Y v FIZEARLTWDE EE RS
ns.

BWEREZBELHFRF 2B WT, HESH 100 km 22 5 HBUURLK LITE TN 72 @EREOILAD
Vhd. £z, ERETIE LA TR ITHROEREER R oS, M A IFEIZEITSH
fH & TIddH@ U TR » S KR E FAOEBEEOES HHE DB BHETHSH. Tl
KINANDEIRD < 7 X EOTMARDOPADR KM I NTE Y, ZNF TOMOHIKDKE NES T 7«
DIIFIZ B W T HABROIERIA D 5 [F#1Z, JuNTIE Saita et al. (2015), Liu and Zhao (2015),
N - N (2015)]. F7z, Y MLVY oy YOI —F S THEOWEBESR SN S, Zid Liu
and Zhao (2015) DS HGIZENWT AT 796 ORIKIZ L 2MEREILEIRL7ZED LR LE
DTHDEFEAOLND. Fig. 2-18 127 L — b LHIOERERRZIG > THl W= 8hEWH 2R, 7
L— b EHEEDPEL 25 12 DN THEBD O IR O @ISO D72 230 DSHIRIZ 0 5. FHZE
T 70 km PIRRIZEWT, MR~ T 7ITRIGT 28 [ O FEEE 0~300 km O T &R o LA
PROoND. £/, HE 70 km [k e 90 km WFIZEWT, A TSRS S HEEE 900
~1300 km OHUIKTH GHHEHD EADREOSNSE. IS I IR0 7D EREZ XKML T
WbrEZLN5.
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Fig. 2-15: Lateral distribution of estimated Q;I and le at 1 Hz on depth levels of 5, 15, 25,
35, 45, and 60 km. The region shaded by gray shows low resolution area, where the resolvability
is smaller than 0.7. Black dots indicate the epicenter of events of Mypua >1.0. Red and peach
triangles show active and Quaternary volcanoes, respectively. Blue dashed line denotes the
area of the Okinawa trough [Kamata and Kodama (1994)]. Black thin lines mainly shown in
the Okinawa trough denote normal faults [Sibuet et al. (1987)]. Black thick line indicates the
Ryukyu trench. Red dashed line indicates the location of the top of the PHS slab at each depth.
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Fig. 2-15: (continued.)
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Fig. 2-15: (continued.)
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Fig. 2-15: (continued.)
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Fig. 2-15: (continued.)

99

¢ @S.(ﬁ"

{ 0@.(&’



Fig. 2-16: Cross section lines along which vertical sections are shown in Fig. 2-17. Blue dashed
line denotes the area of the Okinawa trough [Kamata and Kodama (1994)]. Black thin lines
mainly shown in the Okinawa trough denote normal faults [Sibuet et al. (1987)]. Black thick
line indicates the Ryukyu trench.

4.6 Q&RAO—RY vy FEDER

Fig. 2-19Z 74V — M Bl & D 5 km EOBEMEEZ RS, ROKEDIYMAIX
Nishimura (2014) 22 7T — X 2 W THE L 2B A A0 —2 ) vy 7OMETH 5. 7
L— b EHEICH > 7z @S A2 0 — 2 ) v TOIEENSIC BN IG T 6. An—#iEiE 7L —
N EBITIRARAEZAKDBZDOREICE > TWB EEZSNTH O [BlZIE, /INE (2007)], FL—
MR > THES 5 KPR ORZEIZES L TWaH 07 d L.

4.7 Q DI

NEZ I 7410 ko THER I 72 Q(1 Hz D) 1I2D\WT, LEpihi, N, & ¥~ b
WV, AT TDARBIZHITT, ZOWEEMEEEIE LR % Table 2-1 12789, Table 2-1 (a) D2 %H
BOLE, FERIZAT T QIXE K A H B 0%, Hikid B, T ICHBETHLZ e
DH5. Qpr Qs DHERS L, 1Hz TIX09~1.0THD, Qp & Qg XKITIFZEL W & 234
n5. T, Frankel (1982) (2 &> T (Q DB ZZ R L TOWIRWEERN? S TIEH 570Y)
BRHINTVS Qp & Qs PEBREFAILTHS. Qp & Qs DEKRBIKFDENEZEET L, XD
FERABEBMTIE Qs > Qp &5, ZHIIHERD MES T 7 1+ DiFSE Il Z1X, Eberhart-Phillips
et al. (2014) R | TSN TCWAEM LA LU TH L. /2, ¥IX - Fyy T AT - Ty
TERBIZLUT3IMIRIZAEIL, ThENOMIBANTQ OFEEEGHRLZEIA, PAIT - Fyy
T E 0 A TR Q DIEEDINS W o Tz, THIEZ oMz B B KILTEEH
HELTWELEEZOND.
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Fig. 2-17: Vertical cross sections for Q;l and le. Thick lines indicate the Conrad, the Moho,
and the top of the PHS slab. Black dots denote events of Mpa >1.0. Upper panel of each

figure illustrates the topography of the corresponding section.
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Fig. 2-17: (continued.)
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Fig. 2-17: (continued.)
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Fig. 2-18: Vertical cross sections for (a) Qp' and (b) Qg' along four constant-depth line of the
PHS-slab top: 30 km, 50 km, 70 km, 90 km. Thick lines indicate the Conrad, the Moho, and
the top of the PHS slab.
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Fig. 2-18: (continued.)
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Fig. 2-19: (a) Qp' and (b) Qg' structures along a curved surface located 5 km above the
Philippine Sea plate [Iwasaki et al. (2015)]. Black dashed lines are contours of top of the
PHS slab with intervals of 20 km. The region surrounded by blue dashed line is the Okinawa
trough [(Kamata and Kodama (1994). Red and pink triangles indicate active and Quaternary
volcanoes, respectively. Gray rectangles show slow slip events occurring in the period from 1997
to 2013 estimated by Nishimura (2014)].
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Table 2-1: Averaged Q values at 1 Hz for four layers from @) tomographies.

a Whole region

Layer Averaged Averaged Qp/Qs
Qp Qs
Upper crust 188 188 1.00
Lower crust 191 201 0.95
Mantle 498 542 0.92
Slab 814 834 0.98

b Sakishima region

Layer Averaged Averaged Qp/Qs
Qp Qs
Upper crust 208 187 1.11
Lower crust 212 218 0.97
Mantle 604 614 0.98
Slab 1000 901 1.11

€ Okinawa & Amami Islands

Layer Averaged Averaged Qp/Qs
Qp Qs

Upper crust 208 211 0.98

Lower crust 219 247 0.89

Mantle 780 931 0.84

Slab 860 896 0.96

d Tokara Islands

Layer Averaged Averaged Qp/Qs
Qp Qs
Upper crust 162 169 0.96
Lower crust 156 161 0.97
Mantle 312 366 0.85
Slab 565 673 0.84
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5 f&im

H2EhTIE, £9, BIEHTHE L 23— T ABEEEAVTHIEREO AR MU OEER %
HeE U7z, Q DFEAMPEBMKITZZRU 72568, Bl &2 BREURTFIH o 1P 3, SETZENEN0.55,
0.80 7 o7z, I, Bonzt* ZHVWTHENES T 71 2707288, UFDOZ 2R DS
Nz, WL Z 7IXEBETH D, —IHEHD SEBICN T TEBEESZETTWS. Ik, %
WS DEEMEOHBZRMLTWEEEZSNS. I TFED KIIHIZE W TEHE 2 &R
HOWXHAZBIIBIEN Y BHERTE, AT 7hoovr/vofftfhzRLC\wb. PHS 7L —
M EMEIZH 72 (PHSHEH ED)Q DAfiz b L, bk YEBEEE AT -2 v TORAEEN
HIGELTED, AT T EHITIRARAATZKB AT =AY v TOFEIZES U gD E 2 5
N5, KETQp & Qs DEHEIZ Qp ~ Qg TH Y, FHWZ: Q HIZIFIFE L L, Bk T %
ERTHEEBEIZY Qs > Qp DERE 5.
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2 350
MEFHSI2L—2avDEOD0EAZEEDHT
BEETILOESE

1 FUL®IC

AP E I HEITEAERTH D, H S RHEIZ L 2 HEDER O EICE->TE -, 1771
RN E IS ZERE TMETCERBEARELTH D, £ OBMENT7Z. 1938 FFITiX
HEILAMEERE T M7, OMENKELTWD. £72, EREFLTIE 1901 412 M7.5,
1911 4£12 M8.0, 1995 4FIZ M6.5 & 6.6 DHIENFE L 72, EHED 2015 FIZ i b 7 740 )5 (E
PELEP ) 2 EBIRET5 M7.1 OMENFAET 274Y, KMEZEE TS LVWilgTH 5.

TR AN TRI NI HE - BROFM D20, HEFY I al—Ya v i3uHETHY, *
DI EREELZMEE SO TREETLABETHS. AEHAPIOCHRAARZNSE L
Mg B W T, SCHRVEE ORI E M E RN ARM L TWa2E 1 i FiEE TV
(BEh) 1ok >T, Hifg, H#%, <> b, A5 T72ELHANRET LV REINTE Y, H
EEHYIal—ya VIZIEKFAINTWS [Koketsu et al. (2012)]. LA L, ZDETIVIKiEE
PEMMEIEHRATH S.

MFOME#HSEOM FEEE T VL LTIE, WEBREENES T 71 OBIZ, EhMH, IV T
R A% Nakamura et al. (2003) iZ &> TESGNT WS, HOEDERHDETIVIET AV AR Y —
PRIEBREDIERPSESNTE Y, IV Iy NHIEZDOESDOEI L LTS, £z, EFEMHE
VIR DWETE  OREHEBEEN R I THE Y [HIAIX, Nishizawa et al. (2009, 2014, 2017)],
FHFRIZB VT, EFHEP AT T2 E0HEMAHEMEVIEINTWS. 71V VT L —
N EEOHES DA LR - 3R (2000) 12 & - T, HEBOEFRDS A S WS SN/ZETIVHILE
5, B Iwasaki et al. (2015) IZ k> CH#HEZ B HARKDO 7L — b LHIEEE T IV
ﬁ%ﬁéhfbé M RS 11X, BASERMFOD J-SHIS HEH MR REGE € 7L [ - i (2012)]

FIFHAREZ 7N—UTH Y, BEMEGHSE THRPIEDN - 7=
ﬂ%ﬁvi;v~yay@%,ﬁﬁ%ﬁﬁ%gt@of<éﬁ,#%%M%@%%%Ahé%
BB 5. MlHEEEZRHAO RS2SR L 3520 1 M FEEETIVIZEVWTE, BEOD
MERR %2 SEIZ Q DEPHRESINTWVWED, Qp > Qs PEFRZEZHVTWVWS. LrL, HyEPe
BB~ Y MLAERRE U BEOMFIZENT, BALBRBMEINTWVS. Frankel (1982)
WA THTHRELUZHEDO AT MVEMENTL, 5 Hz & 20 Hz O A7 MVIRIELEA & #53% &
CEH~ Y MUIZDOWT, Qp = Qs DEFREHETWS. Modiano and Hatzfeld (1982) T ldihidk
WTHRELZHMEIZOWT2Hz A ED AT MVERITL, Qs > Qp ODBfRZRLZ. = b
EYT 7 4 DWFEIZENWTDH, H#il 21X Eberhart-Phillips et al. (2014) (28 WT, 1~32 Hz D5k
DARY MIVIPoHRD Iz t* 2RI L, Qs > Qp DEAKREZF/TVS.
3ETIE, L2 THEL 72 Q EDEAMEIZEDWT, MlHEICST 2%, <> b,
ATTDQETNEMET S, 61T, EWEMIEIZDWTH R ORI DML ZHWT
B ETIVEMET L., X517, BELZETVEAVWTHESH I aL—YarviziTwn, €
TINDEWM % HERT 5.
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2 ETFILDHESE

AETIE, WIEEE T VOMEE, ), THAR) THEk - 2571, TQME] 1240 THIET
5. xDS5H, i), Mg, TR - 257 OM%E% Fig. 3-112£ &7z,

Land topography:
Digital 250m mesh (GSI)

Seafloor topography:
JTOPO30v2 (MIRC)
i
\ / Ocean

Oceanic layer 2

Oceanic layer 3

Oceanic mantle

Top of the PHS plate:
Iwasaki et al. (2015)

Moho:e.g. Nishizawa et al. (2017)

Fig. 3-1: Schematic figure for using structure model construction for seismic motion simulations.

2.1 WEETIL

AWZEZBWT, FH2H L [H UrmEtaE s O R 122 E~132 &, b 23 E~32 EOHEKTET
WALZATS. ETHIBICDOWT, B EHEIE LHBEBE D 250 m XA v ¥ 2 €TV E AL 7 (Fig.
3-2(a)). TOETIVKIEROHARMBATY Yy BV ZINTWED, ~y XOEYITH L WHER
HIHRADFERED G X N TWE DT, TNEHWZ., ZOETFIVIIBESRL iz, #EEHEIX
PRGBS £ > X — D JTOPO30v2 D 30 ) A v & 2 T SIBEERS DA% £ U 72 (Fig.
3-2(b)). WEEHMEIE TH W20, RERIZHFIL CliE 250 b7z, OB, MRz H
WT JTOPO30v2 D E#ifE 2 Y] 0 B2 b ED D 5. —FHfEHZDIL GMT ® grdlandmask 1<
YREMGHL, GMT THREINTWAIRERZMHAT S & TH LAY, MO TR & DRFD
WEPKI N TV RN, Ak 2ol Re a2 U T UL ESagElErHs. 22T, H
T2 EE OE T HMERERZ Y v a— R —Y A (http://nlftp.mlit.go.jp/ksj/, 201847 H8 HS
M) X0, SERk I8 EERDUEFEMRAY = — T 7 74 VB Xy vu— KL, HEERY 7 by =7
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QGIS (https://qgis.org/ja/site/, 2018 7 H 8 HZM) ZHWTTFF A ML, ZDOTFF A b
T7ANVEMHL, GMT @ grdmask I < > R & grdmath 3% > R % FH W CHgFEfR % O 5K %2
REHT Z LTI U7z, I E 7V % Fig. 3-2(c) IZ/RT.
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Fig. 3-2: Land and seafloor topography model. (a) Digital 250-m mesh map supported by the
GSL. (b) JTOPO30v2 (without topography in islands). (c) The combined model of (a) and (b).

2.2 HBEEETIL

AHFFETIE, BASERMED J-SHIS SR E T LD NN—Y a > 2 [BEE - il (2012)] 2 W 7=,
J-SHIS EF N CIINRHILCTE X 2ET 2/EH 6 BFAET 5 (J-SHIS £ 6 & (S IHEE Vs 0.6
km/s), 2158 (Vs 1.1 km/s), Z 218 (Vs 1.7 km/s), %26 & (Vs 2.1 km/s), 2530 & (Vs
3.1 km/s), %328 (Vs 3.3 km/s)). AMFETIE—MARMBEEBEOERTH S Vs 3 km/s PA L
RN, SPGHIE 3.1 km/s THDHH 30 Ee2EEBE R L, %6, 15, 21, 26 ez U
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7o, HE6E, HMUBILER (B30 ) O S BB IXMEIEEIC X o THEE S - ERGE (21X, L
- {1 (2016), [LFH - #7ir (2018)] 25#12, TN EN S BEHHE Vs D% 0.7 km/s, 3.4 km/s
IZIBIEL, PIGERE, BEIZOWTHEZNTND S PR IR T % J-SHIS € 7L OWMEEIZE
EU7Z.

J-SHIS £ FVHHEI N T WA HEEIIAZE THR L T 2HPH X b PPNz, T T IO
& RREE O £ TAREIIER S B2, 72, J-SHIS € 7V OfllHR I H AR THREINT
Wb 728, E MR TAR I - IR A Y 7 N TKY2JGD % U T AR 12 2 #
U7z, 517, O FmMEEIM»R 1 X2 E&87-0, Golden Software #ED A4 7 b
Surfer Ver. 11 ZFH\WT 9 / — F¥H%Z 10 HEL, EEb L7z, & ICE 3-2 fi CIER L 72 i
ETNVEMACT, BEET—2& Uk (Fig. 3-3).

Layer 1

122 124 126" 3 3 5 1

Layer 2

124

28 28

247

|, —eee—— |
-12000-10000 -8000 -6000 -4000 -2000 O 2000 -12000-10000 -8000 -6000 -4000 -2000 O 2000
Altitude [m] Altitude [m]
Layer 3 Layer 4
i122° 1247 3 3 " 3 : 1227 124"

32 2’

28" 28'

247 ""g‘l 24/
122° =2 2 122 1247 126" 128" £
e —— ] | —eee—— |
-12000-10000 -8000 -6000 -4000 -2000 O 2000 -12000-10000 -800Q0 -6000 -4000 -2000 O 2000
Altitude [m] Altitude [m]

Fig. 3-3: Altitude at bottom of each layer selected from the J-SHIS model.
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2.3 WB-ASTOEFIL

ERMEITE 2 M THWBH O KAEFREDOF REEZ SFITHEL - E T (Fig. 3-4(a)) Z{#
MU, Nakamura et al. (2003) (2 & SHEBHE NES T 7 1+ DBEOREESHEIZ, 3TV P
HEHEES - M B2 6 KBEE R E TOREI D53 Uiz, 74 YV E VAT 714 Twasaki et
al. (2015) IZ KB ERHDET IV EMA L (Fig. 3-4(b)). 7272L, ZDETIVIZIEBIEKHIELEEIZ A
ENTVWD720, BEMEOASEFHAT 2 JTOPO30v2 (280 & 2 72, WBretEithss 2 g & 2
3EDEZIZTOWTIE, White et al. (1992) 22%1Z, TNEN2km & 5 km & Uz, LARAD
AT TR UTCIDREIZ—FITR-DHDIZ, TNTNOREO Nk z L FD X 5 I12E 7)1k
U7z. GMT @ grdgradient 2% ¥ R & HWTEMN B L CARZRD, ZhnroitHInd R
77 L& MOIERARICEE—E L2 L D1, 2 DODFO NmEE %2 HAfEd -7, 272U,
RV D HEPEVE AR ES 3 8 D i (MEEEE R) 122\ TIE, KEPEMNE Fig. 3-4(a) DEEICE X
Wz -, HWEBEGHIE - B, FEHE e < 2 MLIZOWTIERE 1 FEEE TV (BERR)
[Koketsu et al. (2012)] DfEZ AL 7=, Zadb, Sl LHMSRIEATHOMBREETH L. 71
Y Ui (PHS) 27 72 DWTIEES - il (2006) THEINTVWAUFOBRIMKGFOXZMAHL
7. WEPEHLEES 2 JEIZ D\,

V, = 5.4+ 0.00552, Vs = Vp/1.94, (3-1)
2Tz \FWEKE A S DS (km) ThHD. R, HEEMBE 3 EIZOWT,
V, = 6.5+ 0.00552, Vs = Vp/1.87, (3-2)
WE< Y PVIZDWT,
V, = 8.1+ 0.0053z, Vs = Vp/1.76. (3-3)
PHS A 7 74 3 JE DEE L P #EE & OBIFR [Brocher (2005)] & VT
p = 1.6612V, — 0.4721V3 + 0.0671V}3 — 0.0043V3 + 0.000106V3 (3-4)

U7~

—
124° 126 128 130

e ——————
0 5 10 15 20 25 30 35 40

Depth [km]

Fig. 3-4: Depth distribution of (a) the Moho and (b) the PHS slab models used in this study.
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24 QIE

i, <> bV, AT TDQRIZDONVWT, FH2WMTWEDNES T 7 1« DFERNS, Q DFEWHHEEG
HWU7Z. MlEEZ 3 >0 (s, i, M7 7), ThTho Q OFHEE KT 5L, b
H 5 MM 2 Mzl T Q OSEIIMEDIEFITARME 2 B o 72, IREIOMER S I 2L —
Va3 VIREE RIS DWW T T S 728, T TIE, B - SO Q O FEME (Table 3-1)
EHEEETIVICERA U2, BB Hz 1281 5 E07% Q DRI Qp=s Qs THS. AWIFET
X, TNTNOED Qp & Qs IFFLVWEDE L, FED Qp & Qs DIFIFEYI % D72 ME (LEB
Mt 200, NERHLE: 220, <2 RV 700, AT 7 910) ZETIICEA L, MEEEES I 2L —
vavDR=27y MEBEBIZRIZIHzZ AR THEDT, ZITIHEAREK1IHz AR TIEQ lE—
ELRET D, HEDO QIZDOWTIXJ-SHIS THEINTWVWS Q 2ZDF FHWZ. kMR
EBIEE Y Q DETIMIZOWT, Table 3-212F 5. LIE, #ELLEEZIOWTHEEED
4 J1 PR DEREWTHIK % Fig. 3-51ZRT.

Table 3-1: Averaged QQp and Qg from tomography for Sakishima and Okinawa.

Layer Averaged Qp Averaged Qs Qp/Qs Harmonic
average
Upper crust 208 201 1.04 204
Lower crust 215 231 0.93 223
Mantle 670 715 0.94 691
Slab 930 899 1.03 914

Table 3-2: Seismic velocity, density, and Q model.

Vp (knvs)| Vs (kn/s) | p (g/em®) | Qp Qs

Sedimet 1 (J-SHIS 6th) 2 | 0.7 2 100 100
Sediment 2 (J-SHIS 15th) 25 1.1 215 150 150
Sediment 3 (J-SHIS 21th) 3.5 1.7 2.3 150 150
Sediment 4 (J-SHIS 26th) 4 21 24 200 200
Upper crust (J-SHIS basement) 6 3.4 2.75 200 200
Lower crust 6.4 3.8 2.8 220 220
Continental mantle 75 45 3.2 700 700
Oceanic crust (2nd layer) DG DS X 220 220
Oceanic crust (3rd layer) X DS X 220 220
Oceanic mantle D3 D3 X 910 910

2% Corresponding values vary with depth.
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Fig. 3-5: (a) Map showing four cross section lines. (b) Vertical cross sections of the constructed
velocity model (P-wave velocity) along the four lines. Black thick and blue dashed lines indicate

the Ryukyu trench and the Okinawa trough, respectively.
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3 EWmEOMEHIaL—Yav

21Hi S 24 MiEF THEEL I THEETILIZONWT, HEBH Y IaL—Ya itkoTED
AMEEZTNS, VI alb—Ya VTIFRMEEEA X 5 — P72 230 HOTFDM [Nakamura
et al. (2012)] ZH WS, ZDa— NEIHEE - BEMES LOHBKEZET LI LVARTDH 5.
TR 4R, KR 2 IRETH 5. EHEFROLE PMLIZ X ARIERZEALTWS. Q
ISR 2 ZR L 72 A Y AL UTEAT 5720, Blanch et al. (1995) D HIEIC & b JEEEL
0.01~2Hz T—ELRDELIIINTA—REFELT=.

MG EDORR 122 E~132 /%, Jbi§ 23 E~32 EDHEIBIZBE VT, 2 DOFHEMEKE Y D H L
7=, Thzh [ 1) (Fig. 3-6) & Tk 2] (Fig. 3-7) LWL, fHIK 1 IXEEHEERIR L LT
BY, GHEE»SEHEZ2 AT 400 km, HPE 500 km, #X HA 50 km OB TH 5. H
2 13RS B X OEEKREZ2ETRAL 400 km, HPH 450 km, #X AW 70 km OMEEKTH 5.
ZDHH, WIHAMIIONWT, B EMEE2ERT 5720, HEED RIZZKEE2 G0 2.5 km %
LTV, 25O/ [EEUIEREdL, B, I AMIZE 100 m & Uiz, Zads, &l
D FRFUL R BCFIIEH 1 Hz & 725, KRERIFEIFE L 0.005 2T, BEA T v 7H% 16001(80 #64)
TH5. FEIRLERRKEERES L > X — D Fujitsu FX100 ZFH L 7=, HE DM % Table
3-31Z/_"3. MPI & OpenMP O\ 7' w NUHIGHRIZ L D, fEI% 11216 / — NZHHL 1 [
DFFEIHI 70 4, FEIK 212432 / — REEHA UM 50 902 E L 7=,

Table 3-3: Computation parameters.

Sakishima Okinawa & Amami
Nx, Ny, Nz 4001 x 5001 X 501 4001 x 4501 x 701
Ax, Ay, Az 0.1km X 0.1km X 0.1 km
Number of time step 16001
At 0.005 seconds (for 80 seconds)

Source time function Cosine type pulse with a width of 0.5s

Number of node 216 432
Number of process 432 864
Number of thread 16

Computation time 71 minutes 48 minutes

WH LT HME, IS 1 TIE20184E 3 A 1 H 22 46 ISR EAHE (A& 24.24 &, HR
123.8267 &, RS 15 km) THA L7z Mywb.2 DHIFET, [T CMT fIIsE T Nnsin % &0 EWTE
EUTHEINTVS (BIF - A A7 =X LM http://www.data.jma.go.jp/svd /eqev /data/mech/
cmt/fig/cmt20180301224226.html, 2018 4E 8 A 14 HEHEL). #HE 2 TIX 2016 49 A 26 H 14 IR
19 I WA S G (AbHE 27.4292 &, AR 128.6208 &, X 44 km) THAEL 72 Mw6.1 DO
BT, BiSERMIFD Fonet CMT M TIRMIIE X 1 72 LTHE SN T WS (B - A7 =2 LH
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Fig. 3-6: (a) Location of simulation area for the 1 March 2018 Iriomote-jima earthquake in
Sakishima region and (b) vertical cross section of the structure model across the hypocenter of
event in Sakishima region. Red triangles indicate the stations (JMA, K-NET and F-net) used in

this simulation. Yellow star denotes the source location. The JMA CMT solution is also shown.
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Fig. 3-7: (a) Location of simulation area for the 26 September 2016 Okinawa intermidiate-depth
earthquake in Okinawa region and (b) vertical cross section of the structure model across the
hypocenter of event in Sakishima region. Red triangles indicate the stations (JMA, K-NET and
F-net) used in this simulation. Yellow star denotes the source location. The F-net CMT solution
is also shown.
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# : http://www.fnet.bosai.go.jp/event /tdmt.php?_id=20160926051900&LANGja, 2018 4£ 8 A
14 HB%). Z OMIE®D F-net TWE SN EIITMIEE S Y PVIZH 725720, e 2
JEHFIZ72% &S E % 34 km IZFRE U7z, RIRRMEBIE D VA, LHICETIEL 0.5 TH
B 1 DERLT IV X BEIEL (~OVERIBEEL) [AREH - fth (1999)] & U, IEHHESBIZEY) 2 R EE I 72 5 &
SNZH BIED (HFE 1 D) ~)OVEIBIK ZE KR FEIR T 72 /A AT T 5 Z iz Uiz, B, Bf
SKBHF O REBIHIN (K-NET), AHEHEBIHNE (F-net), [ETOEEEE, Mk oM D
FBHM OB R & U, JEHI 2~50 B OIS D3R IE & N4 & 3 5.

FEIK 1 (SEE#E) O 14 [ADOBHRI (Fig. 3-8) (2B 22 HIIE L BIK O ik % Fig. 3-9 (5
B3RP & Fig. 3-10 (EAMMER) 2R, CMT 1 A=Y a Vil shizdERE L, KRET
VZH T BHEREDENPHIEE — A Y MG BHBEEET B0 (K7 vy —%2ED) %
ZRL, MEOHIMERDL (1.1) CHEAEREORIEZFHE L2, X512, FHHEEEIZOWT, Fnet
D N.IGKF & N.YNGK OBUIZALEIZ D P EHIE D7)V Mg %2 2512, RIRKHE BB DL 1.0
MIZ7e% K5 ICHE 1 THREA 0.5 WO RWVERIEEZ 2 AR, GHREBFEOS L, [T O
JE IR T GREERT) 128 1T 2 EHEIEIRIZIIBSHEE (2008) DX 7 « VX &2 HWT, EAEY1
P, WEEE0.50 DMEERFEZIEL 72, Q[T O IHEG GRE) XM SR D K-NET
X F-net OB GRERT) 240, A1 BT O CIRIEL A 2 5t adfiE %2 R > T
W57 TH5. Fig. 3-9 & Fig. 3-10 DARFEIBHAINKIE, FMAGEKETHS. 2 TOBIMIK
LR ENE NI, A 2~50 DY RARXZAT 4 )V X EPT TS,

WO KIRIE P IEEECFEH T 5 &, 8 1 OFHRERITBEE 2 K< HETETWS. K
U 7 MR O EIFISHIE NI 5 5 728, RN IE R IR PO B2 B ZIFTWb ¥
ZoNd. fEoT, RZHRIMEEL 7213 P o € 7OVIZE 2~50 RO cHEITH D &
EZoNb.
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Fig. 3-8: Location of the stations where the computational waveforms are shown in Fig. 3-9.
Colored variation is the thickness of the sedimentary layer on the basement in this constructed

model.
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Fig. 3-9: Comparison of the observed and synthetic waveforms (particle velocity) observed at
strong-motion stations for Iriomote-jima event. Red lines indicate the observed records. Blue

lines denote synthetic ones. The number beside each trace indicates its maximum amplitude.
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Fig. 3-9: (continued.)
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Fig. 3-10: Comparison of the observed and synthetic waveforms (particle velocity) observed at
short period stations for Iriomote-jima event. Red lines indicate the observed records. Blue

lines denote synthetic ones. The number beside each trace indicates its maximum amplitude.
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Fig. 3-10: (continued.)
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Fig. 3-11: Location of the stations where the computational waveforms are shown in Fig. 3-11.
Colored variation is the thickness of the sedimentary layer on the basement in this constructed

model.
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Fig. 3-12: Comparison of the observed and synthetic waveforms (particle velocity) observed at
strong-motion stations for Okinawa event. Red lines indicate the observed records. Blue lines

denote synthetic ones. The number beside each trace indicates its maximum amplitude.
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Fig. 3-12: (continued.)
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Fig. 3-12: (continued.)
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Fig. 3-13: Comparison of the observed and synthetic waveforms (particle velocity) observed at
short period stations for Okinawa event. Red lines indicate the observed records. Blue lines

denote synthetic ones. The number beside each trace indicates its maximum amplitude.
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Fig. 3-14: Histograms of the ratios of synthetic and observed maximum amplitudes in the period
range of (top) 2-50 s, (middle) 5-50s, and (bottom) 10-50 s for Sakishima event. Dashed lines
indicate the averaged values.
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Fig. 3-15: Histograms of the ratios of synthetic and observed maximum amplitudes in the period
range of (top) 2-50 s, (middle) 5-50s, and (bottom) 10-50 s for Okinawa event. Dashed lines
indicate the averaged values.
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Fig. 3-16: Comparison of the observed and synthetic waveforms in different frequency ranges for
the Sakishima event. Red lines indicate the observed records. Blue lines denote synthetic ones.

The number beside each trace indicates its maximum amplitude.
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Fig. 3-16: (continued.)
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Fig. 3-16: (continued.)
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Fig. 3-16: (continued.)
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Fig. 3-16: (continued.)
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Fig. 3-16: (continued.)
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Fig. 3-17: Comparison of the observed and synthetic waveforms in different frequency ranges for
the Okinawa event. Red lines indicate the observed records. Blue lines denote synthetic ones.

The number beside each trace indicates its maximum amplitude.
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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2-50 s bandpass 5-50 s bandpass 10-50 s bandpass
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