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Study of small-scale heterogeneities inferred from
analysis of observed and simulated seismograms
#Shunsuke Takemura (NIED)

1. [FUSIC b, BHNCITON TESEBEREY NED S T+« — TR EDFTICKD,
HAFIET®D 10 km FFEDR T —)LOD 3 K NMIBESEREUCESTILIMEERSN,
ZFOEZ LA HETNTLSD BIX(E, Nishida et al., 2008; Nakajima et al., 2009;
Koketsu et al., 2012; Matsubara et al., 2017). NS5O 3 RTEEET)LVER(IC, GMS

(Aoi and Fujiawara, 1999) > OpenSWPC (Maeda et al., 2017) REDS =1L —
23> 0—-RZEFFETDIET, 1 Hz UTOEEREUMEEC DU\ TIEZEEEZD
IBFRNEH, ETIULFEENETIL TSz BIR(E, Furumura etal., 2008; Nakamura
etal., 2015; Takemura etal., 2015b). —/A T, #Hkm UTORT—)LODEREANIE
EDREE T DEEREMEENC DU TIEEDRD TFRL.

AFFKT(E, Hi-net RETHAISN/EREIREMEESI O EERL, TOHFSZEIRY
BIZDDIBRENIEEEDEST ) UL EISHESBHIC DWNTBN T .

2. HRRPEDINE R GRS ERRISE MRt EO R R EIR(CRAND & 1 Hz
B EOBREERERICH T, I—4RDmE, T >\O— TR AIRIESHOLSIEEL
MSDRANEVV O TERFENRS5ND. RAIRESMORRNIL P KR E SiKICHEL TRSN,
EIRIEEH & EREOOREICMFE L C, BINOME RIS (Takemura et al., 2009; 2016c¢).
CDESPRFOFERE LT, HRRADE km LU TOMERREONIZE UL, BEE
RENTE) SIEMIRRENC K DMERBENEITSNS. 1 KoREESCFKE
FDH=ESAEMEES =1 L —23 > TIERO\ IR RE SN, BARHEICR
BNBEIRAL—RIEREEEIR TSR, Fie, MEEELDEESE \DFZEIJ/
&<, BNRBEDTIME UTEATZX LN SFESNDUSIREEFRFL TLND. B
BREMNIBBEZ([I5I D ET, AL—ARI—SROEEREDS JFURAIRIED T
DERER - R b ZzBIR T D2 &N alReE /D (Takemura et al., 2015a, 2017b).
I\ SGA—IBELCEZICETIVEZaL—23> &, FEMSTERISNZRAIRIED
AN EDEEENNS, 1ER3EERE 1 km, WSZFMiEE 0.03 DIEFREEELDS S LARNIET
HhE S ORISR RRENIE R CET D EZASMN L.
LERODIEERENIESEZESE 1 TEES)L (Koketsu etal., 2012) (TfF50,

WEES =1L —> 3> %752 ET, WRAME TR SN 3R XIRIBOZMDM, B
BEREHD IO - T > ARO—T =B I DN EEETHD (Takemura et al., 2017b).

3. ASTADMERGEBEIGRRIBE ILAHAATIA ST REPCTRE I DitERs (CELA
SNDEREIEEMIEENCDUITIE, 3IRTTHIIRRA S TRARD A S TADIRREEZEDAhC
SEERREAMIBBEDHERZ TR ENMSN TS (BIX(E, Furumura and
Kennett, 2005; Furumura et al., 2016). XS TAARERSTRDISREREANIEE
BEEEEITDCET, FRMEDIASTROBEMNIBEDMER (Takemura et al., 20163a;
Takemura et al., 2017a) YBIHOME(CHITDIERBREDIREERA (Takemura et al.,
2016b) IRENASHERD TSI, IEAHADASTAIIUAL, HEBNCSX D726
KEL, BROME(CHU\T Lg IRV RAERRMESIOIEE /M - FENRSND (I
ZI&, Furumura and Singh, 2002; EA7 - {1, 2017 AXR).

RS Etthisk CELAISN/SEHADHRZIE T D S W T P B LU S IKEDERIFTICKD,
T+ UE BT L — FOHRREES 40 km LLR(CHWTEF—AFMEETH DM, 40 km
BUX T3R8 VERRRENIBBENFEI D &2 RrUTE (Takemura et al., 2015cd).
40 km BUE TS, BEREFREMNIENGE <, LHADHRRIESRE - K= CIFEOTS
N3d. CORFHAOHFEARDIBEDIREZAbIZ, FE 30-40 km (CHIFTBRUKRIE & BEhE
LT EEBZISND. IKAHADHERNSDRTKIC K> T BRI G S NSRS
K DR VERRIREMNIBESO R EHERSNTHD, TNSEEHBOEESICEX
TREEE 523 (Takemura and Yoshimoto, 2014).

4. SEOFE kDT UEBT L — hDBFIDKDIC NET ST+ —(CKDIRA
SNHRREEEEEAUESBH (FIX(E, Kuge et al., 2013; Shiina et al., 2014) &
»dN, Z<OHEES =1L —> 3 U (dEEETET) LOREICNTRRFENIE
EEZIEETIVANICHEREIREUIEDNETH oz, 8 - iEEFEERFTROERICK
D, NUTFFHZ(ERACERELUIZR VERRNIBIEBESDBE (BIX (S, Takahashietal.,
2009), WfERGEICBIEUSEL VBREAIEES (Asano and Hasegawa, 2004) 73
EMRHENTSE . e, NRIENE (CHIFDEERIEDIEEIIEIR (FIX (L,
Boatwright, 2007; Pacor et al., 2016) DIREHEHD. KDIFHINSREIREESIDE
FIUL, FIo(EEREROESINFHOMRIAEEDDIZHIC, CNESOIBE - REE
BUIES =1L —> 3 Al aEb TO<ENDD.

HEF  PXRIERANEAFTR Hi-net - F-net (CKDEVAIRI v fERLE LIz, St RIIC(IEEF
TRSBEFABODIIERS = 1 L — =R LFE U, SRS JUTEOER - EE(CRBINDERR(C,
U TRESEELET.
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Observational Study of Earthquake Source Physics in Gold

Mines in South Africa
# Makoto Naoi (Kyoto Univ.)

HNFEEP HAMBEBINCE T, MUMEED 2 CIZRUNIEEFEI?» S, K
SRMWEOHABBICEHAT2HHAEBERVPEONDE LR RBRINT VS,
Fx DL N —T7TlE, /NBHE - MEBRR-THRAOBBED 7L A 7 AL
—ZH#EL, ks hER T Mw 3BEE X COFRKMENRSL T LT
79 A DORIEESINIZE T Mw =5 %, B 4 X8 cm BRE F TOM/NE
B, 100 m ML E)A#EF CHRAITRE 28 2 EiE L 7. 2 TIZ 2508k
IICEMZEE L, HAMBEBNTIZLLAA, SIBEEBMICE TH R
Do TR SRR H 22 2 2 LIS L 7.

FEHNC X > T, SLNOHEWE CIE, JEAE+ cm DIT & v ) M ICEE
U 72 BUNBE O HEIREI DL Z > T b 2 EYHBH L 72 (Naoi et al. 2015b).
— M 1 N BETEIT R XN O E GBI 2 fEb R Wb Db % <, fEIGET
b WAt O S BRGSO IEE) L fEfF S 1 Tw 5 (I 21X, Powers and Jordan,
2010). FEILTHERfT O T B (BRARAE M ~ -1) IZB8WTH, WiEt
UNLETEENC R 2 BIR IE A S e v LRI LT W22 (Snelling et al.
2013), F4x OEIHNC X - T, UNBEERGE) 2 £ 9 Wi S8 FEEL Tnwb 2 &,
INSIEbERELS M -3 LN ETHBMIL 2w 25N 2 EDATRETH
LR EDHSLIIR o, FO—)T, BUMEEIEEZ 2 Eb R wiEiE
BHERINTE D, WUNEETEE) & SarRDL - BiRIREBOBIR % X b % < HfE
T 2 MEED WD TR I Tz,

COWiE IR TE Z A BUNEED P IRFIEIT S A, S B E H T
Lo IEWTENE D &FHRINT, On-fault slip TH 5 Z &R I 417z (Naoi et al.
2015b). S 51T, BMEMAPROR VY 7 AF IR LT, BIBMHBICHED |
Repeating earthquake DEEZfT o7& 25, HIF70% Repeater & iBE S N7

(Naoi et al. 2015¢). 2415 DHIBLE Mw —5.1 52 5-3.6 T, RARDHEWI)E -
TH D795 72 Repeating earthquake & L TIEBEER/INEA LGNS, TnolTxfL
T, 7L—= RO 7 ) — 7 EHEE I BITH G 5 41T % Nadeau and Johnson
(1998)DRFERHI 2 L7 & 24, Wild2EHET 27 — 7 V03 OIS X —
PEZIFTTORWILEFIET S, RETEH7)—7TEPFonk. —7,
HIE IRk D> & KO 72 )BT T B O NECEFIME 16 MPa Z{kE L T, JAPHD

7V =T ERPENRy FORBEIRICHELVWE LT —TREEERZITo 2 L
25, XOZULEIELNT. N5 D repeater 1F7L— FREADDL D LI
702570 — 7R EFBEMBOBERZR O L W) T LD, TS repeater /3
vyFHBDA Y 7)) v FROEGRE, WEROYBEREDE W 2 ) L T
VB HREMED D B,

2D X 9 7z Repeater % 119 Wil L OBUMNEETEE)23, ML W ZZ1T) 5,
AT 2 ERRRTRE 2> © 20-30 m DAECH ISR E D, TEEIEAEE & L b ic
20 m BRI £ CRA IR T 2R LR X 4172 (Naoi et al. 2015a). BEAF59MH
b CHERRIIE D DSy FHME S ALK L 72D, AR TREMSR O K E LT E
HEncwztaonsd, Zor772A%DObfElX, 37 HOMIZ 25 56 1.5
FORE|MT LA EOMERSI N, 7, MoOFLTIE, FEROEFER
RGTAEDS Mw 2 (BB £ R 100 m %) ORHEICHE L 72413 A 57 (Yabe et
al. 2015).

ZCECHIEE ETE I AMUNMEBIICEN AZ Y TTERLD, ZOL) AN
Y MIEHITHONDE T =YD 10%IZETL2% L, MAIZ L AE DK 90%
FERHRRTR IR E L THREL T b (Naoi et al. 2014), TN 6 EHENRTE
2 WUNEER L 3RS T A DTIE %L, 12 m DEA L 20-30 m DIAD
D ZROBRAMDIEEEF > TSI N TWE Z L2330 > 7% (Moriya et al.
2015). % OBCR A DIEBNE, FRIHREDC & L HITH T D FRPEHNE D @
X3 EEIT 2, BITFECIRRIER O BB OEREBIZIC X > T, ShIBEX
NTBRDAG &L= A4 R - Jifr 2 Fo KBS 72 5 v 7 BRI IR D348,
HINTED (FlZE, Ortlepp 2000), BRI AA % S T/ & 255
B o HEfB AR T H 2 HEEME D B B |

—HOBMPTITo 72 2 EIF, WSS ZIBMARAZ I ESS NS R D
ZHIZEW) T EICBER VD, WEEIRZANIEI YA A2’ o0
BAA Ry OB R EEZ b5 L, vy ORERHOIEHEE L TE ﬁ
PEBEDORESMET S, 20612 X5 T Seismicity fRHTICE 1T 2 ReZ2 ] o
fRREDSBIMIC A B L 72 2 EDSARBIM ORI O FEHKTH 5. 72, S, WiE
i FICBEET 2 b EDE CIEOEE N RO > Lk 912, NS hH D EK
THWEOEADIFET 2 HLEDL H D, B R EXEE LRI O
LA Z RO TR LI EVWZ D,

BHEE © AW IST/JIICA SATREPS, JSPS BHEE:, 726 N THIEEFHID 2D
BUAWIZEEHE, OMRZZ T TiT>7=3b DT, 2o OFH - @i, Biods
IawteHhatt, HAR-®M7 708« FAVORFEANEED 4 Z2IED E LT,
G DIFDHNICE > THEBLLZBDTY, T L TESEHPL LIFET.
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Subduction zone dynamics constrained based on the

comparison between numerical models and observations
#Manabu Morishige (JAMSTEC)

MARAAFTREEHRGHEANTHONATEY ., ThoZHEFREICLSTHE
SNT=FRELEAEDEDIILET. AARAFTDEAFTIVRIZDNTDERE
ERODENTRETHD, ARRTREEICAAFLICERZET. EZDEL
SIHHMEHZENONENT B,

1. Bt AIZHS TH LD F

Rt A TEHANUNABENMBEBEARICODOADTIL—TEHBELTEY.,
SHITRUMLIIYDRHIZIEZENICHIETEE 5L HMEBEREEEZEDD
NELNS, TORAELTIVRLI YD HO/NMNRER ROEENIRIES
NTLBEN. TN EREEEAHAFICPREAE)NSBREATEENES
NEIUMLIEMORFERERABRICEDETHAR, TOKBR/PMRES
ROAREZERITDEOHICEH. RETONTELLIICEA MO THEZE K
FEANICIRETADTEHLGLL PREEDREAMEKEAADEIZEBL
=B NEHTHSZEERLIz(Morishige and Honda, 2011),

FrRIAORNEE CHRASN I ERBRARE. BEHERAZTOHR
BHELT. ASTDELICENVERERNFELRASITELEEZEDOLDOTUMLD
BENT ATV T LTWS A NS TW S, CORMERLE
HETHE, FITFORBTIRTHBEIVMLOANANELEIBRABED
BEEEEHEVHITCEEZRRLEZ . SOITRETHIEBEMEBDESICEST
FRONDIBEEZTILORENZOMIBTRONADIKNLUTIL—TORRERL
—BITEHIEDD. COETIVFRILADOKIUDHEHRATIH-LET
IWEEZ B ELTES(Morishige, 2015),

2. B A M BEICHATTOMBREERA S, ASTHK. XA5TH
ME. HRERE

RittA,ISBEEICATTOBEBEBEIERLGEKELTEY. KEETL
—rEEIAEAIZHLTIFEFEZEEIZ, LBECHLTIEIROITEARAAT
Wb, TDOMREZEBELI-FEZTo-HBR. OB THRAIShDI ML
DIvCHAOHBERERERAMMFICSRIFERARAE) RZTDEHAAAHA
E.ZLTRSTDIVMLEBBEBTORDIEVOBIIMHEARDELH.
PECELEHMICIEBERKRICEK O THRBEATESIZEABALHMIZH ST
(Morishige and Honda, 2013),

FALBERBORZTORNENAYVESEDICEBLIZECA, £0DY
TIEBWIVMLYMENRSTIZAN > TRARAAIKLKEBEYBELERHAINZ
LBNETEDN DDz FEZTOMBREFTTEIOMB THRAINIFELR
STRMES . BHBRBARELT T HICHATLIIENTET . SEEEM
ELTDEEICKIIREMBNEDAARAALGEMDARESEETEZ T
EMN$HSH(Morishige and van Keken, 2014),

. BEMBARENANDTA7IZHEITHEHHRAO—RvT

MARLAFTRONDIERLGEREEMRTH-OICE, EARATIERFTT
DECHL. ENREDRANBREINLIOMNCIMA ., HEShI-EDRE
DHELVWEHNFECTEBILIIELNDETH S, N AATA7OEBHKRTIL,
FHMRAO—R)YTIZEBTARYELRARDL RS TORIKICER U EEER
BROAERON. CNEFRSITOEHLEIRTHBKIZE>TELERAED B
MERAMOELERBLTVWSAEEELHD. T TRENRZT DRI
KO TEDELIIBRTMICHEELFELIDONZRAR-, CCTRIThRESE
NEREIE. REEOEREAEDEOHICHEMAEDHERSTREICHLTIF
FFETICBBTHEREL-. TORE. RAZTHNEBEMLSBNDESICHN
HASIGEFICIERANEFTRSILIICHEHL. ECTORAKENBRALHIEMN
B 5 M 274> f=(Morishige and van Keken, 2017),

SREEBERONREZNVANERABBOHEZTOIFETHD. M
KRBOERMAIEEDRBICHFET HHRAMD DEBZEFICRYIES
CET.CNETIYIRECEALEMRICEDERLARAFTICHITHME-
KIWESDEMRERET
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Development of Dense Oceanfloor Network system for Earthquakes
and Tsunamis

#K. Kawaguchi (JAMSTEC), N. Takahashi (NIED / JAMSTEC), Y.
Kaneda (Kagawa University / JAMSTEC) and DONET Development
Team (E. Araki, T. Yokobiki, J. Choi, H. Matsumoto, S. Nishida, T.
Kimura, T. Ohki, Y. Machida, T. Baba, K. Sueki, S. Kamiya, K. Suzuki,
K. Ariyoshi, M. Nakano, N. Nakamura)
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DONET DE{FIZK Y., BETRET HHMENOESEREEDME LOHE
HEANXLDOBA~NOEEINAFTES L EEEIC. VS al—
varvEfiEDRIEICKY MEREFRFEOSELENARAENE
T EBICUTILEALRET—2ERETTERET 2RREHE~D
FRAOH LT MABARRESA IS4 VBEEAIRESK. B
HERAROBHZE, RENRETERAMBEL>TLET, MAT
WETIEHEEM (525w 5] THEREAIFLNICEKRE L-ILNERIEE
DEGERGE., IEHEDFHALIBE-> TS EIATYT, 5%
DONETDA YV I7S5A RSO FrET—EAAI 22T 14 DELDAH
[ERASIN.FHLOWESIDOEBROCMEOREIS;ERASNELR LEEITS
CEFEHIHFLTVLWET,

DONET 1

13400 124'20E 13440 135°00E  135°20E 135°40E 136’00 136°20F 136'40E 137°00E

DONET Y R 7 LB ERR: 315 DONET1 TOREEA A,
7rdLIE DONET2 T EREE A =



S20—05

Learning from outliers

Kanamori, H. (Caltech)

In an effort to understand the rule with which nature operates, we
study every earthquake to determine source parameters. Various seismic
scaling relations between seismic parameters are a result of such efforts. As
an example, here we take the relation between seismic moment My and the
source centroid time t. (the source duration is approximately 2t.). With the
advent of long-period seismology, this relation can be derived from
observations in the most objective way. The general trend can be understood
as a manifestation of nature’s rule. However, some outliers are evident.
Examples are the 2004 Sumatra earthquake (Mw=9.1), the 2006 Java tsunami
earthquake (Mw=7.8), and the 2011 Tohoku earthquake (Mw=9.0). These
outliers are often most damaging and we need to understand why they do
not follow the general rule. The 2004 Sumatra and the 2006 Java earthquakes
ruptured over a large distance by successively triggering many asperities.
Triggering is by nature a stochastic process and its deterministic behavior is
hard to predict. Thus, a simple general rule does not work. The 2011 Tohoku
earthquake had unusually large slip and stress drop near the trench. Our
knowledge about the properties of sediments is still very limited. Other
examples of outliers are the large long-period ground motions that occurred
in the Osaka basin during the 2011 Tohoku earthquake and in Kathmandu
during the 2015 Nepal earthquake. Because of their significant hazard
potential, it is important to understand thoroughly, even in retrospect, why it
happened so that we can better prepare for such an event next time.
Unfortunately, human nature is such that when we experience an outlier we
tend to think it a very rare event, and do not take it seriously. We need to
correct this behavior.

Kinematic differences of outliers are getting better understood. For
hazard mitigation purposes, kinematic understanding of the rules of nature
alone can be useful in several ways. For example, scenario earthquake models

constructed mainly on the basis of our kinematic understanding are useful for
better preparedness for damaging earthquakes. Real-time determination of
kinematic earthquake parameters (e.g., location, magnitude, and mechanism)
is obviously important for various warning purposes and rapid post-
earthquake disaster relief operations. Also, better kinematic understanding of
earthquake diversity can provide key information to engineers for developing
effective engineered structures and infra structures. The progress in this
regard has been solid and rapid, and situation can get only better in the
future.

In contrast, progress in physical understanding of the processes is
slow; much better understanding of physics of earthquakes is needed for
more comprehensive understanding of earthquake process and outliers.
Some efforts are being made, but more creative research is needed. The use
of our kinematic understanding of earthquakes can be made more effective
with better knowledge of the physics of the process.

Although nature may operate without any fixed rules in detail, and
outliers will continue to happen to surprise us, we should strive to
understand the kinematics as well as energetics (i.e., physics) of earthquakes
(or natural process in general), and try to use the best of our knowledge to
deal with outliers thereby reducing the impact of natural hazard.
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Spatial heterogeneity of strength of tremor patches in the western Shikoku,

southwest Japan.
#Masayuki Kano, Aitaro Kato (ERI, UTokyo), Ryosuke Ando (EPS, UTokyo),
Satoshi Annoura (JMA), Kazushige Obara (ERI, UTokyo)

HREMDALAAAFICEWVWTEHA SN S FMERRMEE. EXBERES
DERPERTRET LIS, EXMEOREAN_XLICEEEEZ DL
MREBINTWD, oT. MBOEFBHACHBRESOMENTIFH T IEE
T5IEE BEXMEREZEOAAAATOMEY A IVILEZEZSLTEET
Hd, INFET, MBOEFBHADOERDI-DITKRLAGHEHAZIOITNEESL
T ZE7= (Suda et al. 2009; Obara et al. 2010; Idehara et al. 2014; Annoura et al. 201678 &) ,
LOLEAS., MENEBIAERTRENMERLIESICEVTIE, ERREDHEE
MELSBY ., EhaniroBacshdeENLELIEREES, I T,
Annoura et al. (2016)I&. BRREDRIZ. HE5MLHIoANO—TEFOIRIE L&
EREMITASHMEBOS I FILEHMET S LT, MEORY EALEERET S
- EFEZRAFELZ. COLIICLTEHELNEHMBOL T FILERAWL
TERRRE LB T RILET—HT ZITL), Obaract al. (2010)THLNT=EH T RIL
F—kYPXREFWIELERLIZ, COEMIIHENEBNETRGCEEREICE VT
WICEEET, MEESAKYBEYICFHECTELILEERT 5,

AMECTITEHIRILT—DEHAHI SHMENTEIE K Y EYIIZ5Ef L 7= Annoura et
al. Q016)DWEH 2 AT EZANT., BFICHBEINERGCRETEIIZH (T 5
DFEEHXZART-, TT2004F48 M 52015F38OMICEHHAO—RY v T
EESTHE LEMESEE (ETS) [CDUWWT., HEARKMELNY QESFTRILE—D
ERAMERDIZEZAH, BRKEICHEET SEB TEHBESH I RILF—HKEL,
FBHIZRAITEHEF I RILF—NNS LK BEBZERLR ST,

RIZ, BFTEARICRA L-228BIOETSIC DL THMEIDEEFEZAR-E 5.
12EIDETSTHENLEZKEMATHBE LEANEERAMICHBE L. IBRIOETST
(FEEIRYEERATHUEIAFIE LREANEBE LR, NASTIIICERAR
[ZHEABFIL T CERDMN o=, COLILWMETOL FORBENEL. Ide et
al. QUIO)E ETREINT VD K S ITHHMMEHRATRE TS I LAER ST,

T, ChoDHMEBTFBOBIBNCHB IO LFEERL., ThOZREICTHS
DHBOBHEELIRIILT—EHL—FOTEHBEZHEEL. MEDOEZEICDOL
TRz, TOHRER. MEORICIIEDHEENH S Z ENFRICRHESAE (B,

DL LEHEBOBHEREL I RIILF—EHL— FOBDOEDHEEIEX. Ando et
al. Q012)TIRIE SNz, TL— FEARAHFDMME - BHEEHBEHOME/ Y F
DR ELREEZHDODEVWIETILTERMICHRATELZ NGNS, &6
[CIRILF—DEHFL— FOAKRELHMBORLESZATE. ERFISHEESINIE
R O—X1) v TDF XY ZEE (Hirose and Obara 2010) AR WMSFAT 2R G T 5,

DED#HRZBFEFAS L. MEBHOER TIEREILLEME VVMEI/ N Y FAY
REITIERENFB LAY FHARHF LTS EEZOND, COMEI/NY FRED
THEMIE, BEBARELTWVWDHIGFOELIZMET 5 LBOvp/vsttD K/ & Xt
Ji& L T L)% (Nakajima and Hasegawa 2016), &I TIX EBEDvp/vstEAKRE V=8,
MEFEAFTIEIRAICERTREDDLG(CRENGELLL>TWWS—AT, REAIT
ERAEDFEEICL > TEREMECLE O TWVWELELEMBIRTE D, KARDHERIE. W
BNy FREOSAEENTL— FERMTEORAENOKRESICL>THESI
TWAHEEMRZ . WBDEF IRILXF—DBRANLGTETEHLDTH S,

C WEBOBREHRE LEH TR
N_BRIOWBEHOBRERE
EIRILF—EHFL—FDOER
MY THOFEHZERL, A
DREZFZZOMEBFHIZEE
NEWBOEHERT . £-%
¢ hFhOREFEZREHETT
L=,

B AMEIIXERZE - B
AMZEMRESHEZAEED
REE FHEMEEHEMAE (RO
—HEZ] (JP16H06473) MD—IB
ELTITHRTWLET,
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Activity changes of deep very low-frequency earthquake in the

Bungo Channel and Shikoku region
#Naoki Suda (Hiroshima Univ.), Takanori Matsuzawa (NIED)
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(AVLFEIZ W T, K ILMEREN(ANVT) AR — R v 7 AR R L
Rzl NI EE D720, AVLFEDTEEIHER 25N LT, T O
DA —HIEDOIEB L+ A2 L1, Au—HERAEOY L HEETS T
HETHDH, AFSETIL, Hi-net & @5 NN G 5L &k & fiE T L CT20064F- 7>
52016FDAVLFED{E &) & O b &2~

[F—2&EAHE] AT HFIZ20064E02 520164 C, Ll :i[ElIioJZUEE?&
KB JE 3 O Hi-net s & BN E B & 0 3T TS 2468 F Uc, K205
RN I % 8 B I T IS Ha L, Jﬁ,ﬁ;ﬁ20-50@‘0)/\‘VF‘/<;<74’/1/5—7&7§>DL?L:
LOEBHPEEEL THW=, WEBIOE#ZKE O 7L —ME R E
WZAKSETT S kmfE MR CTERZ VYR (5F8164) A fEE, 7L — Mt m oI
R (Baba et al. 2002; Nakajima and Hasegawa 2007; Hirose et al.
2008) 7L —hIXHK S (Miyazaki and Heki 2001) b FHISHDE
VEAD =R Lfif 72 I C, 5845 5 (Herrmann 2013) CHLEREE KB %
FHELT-, ME N HEREE 121X Kubo et al. (2002) &4 L1-ET L& W
T2 BEaW a7 7L — Mg E LT, BLRRP I B 2 Re 0 5 B 5 S 21 22 F
DO % ETOT =2 ET, IMHB TR ED~y T T H{To>TAN
VREBRRLI,

fEREEHR] IR ENTZdVLFED BREHEE — A N 257, &FK
(/) ZR5H L, 2009452010412 T CTOEBAKEEWM A o
— 2 v ARy MEBMSSE)NCHYBEERBMA RN, 2,

20074 F-1E 0> 5 2009FE X0 KA SSERA 4RI £ TOMEIMNFEITK L T,

EHMSSEXR TR D2011ENLHEE TOMMEN KEL o TWD,

TID ORI EZAGE + UEES (B [CHhX L Tnbd, EHE
+ AR (RR) TIXRMIMSSEICHE S WMMA R LD DD, ZDHith
TOWMBOEACITR LRV, B % AKE + DY E S (AR) 1280 T
20144 B 20154 T T THEMENREZE L /WS RoTEY, Zhix
Baba et al. (2017) TSN EEREEEbN D, 20X 5 72k
BT 20114 AT 2006420 5 2007THFE T T CTH A b, EHHSSEE
BORMEEZEZ BN D, FEETIZ2003FENH2005FDFER LNz T,
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Slow earthquakes in microseism frequency band (0.1-
2 Hz) off the Kii peninsula

#Lisa Kaneko, Satoshi Ide (Tokyo Univ.), Masaru Nakano
(JAMSTEC)
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Shallow very-low-frequency earthquakes accompanied
with a slow slip event along the plate boundary

#M. Nakano, T. Hori, E. Araki, S. Kodaira (JAMSTEC), S. Ide (Univ.

Tokyo)

ITHEDO R | MR A B O R BICK > T, RO A0A 2 Tl
OHETZ T T An—#E | N EAICHEAEL TWDIENRHLNI 2o T,
Z2u—HEIXZ DR 72 FA DA — VI E o> T, RENITESE 3 B
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HOENELARTERC A T2 Tz,

AR FE O B IC R E S U IRHITTN CTO MR BB EIH 5, M5 7
T A@ SSE 7% 8~15 » ADMRTH VIR LEAL TWDH Z LB LM
72 o> 7= (Araki et al. 2017, Science) ., Aot 45 D [F Uk i &
VLFE 280K LEELTWHEZ ERMbNTEY, MEOEGLEZHS
MIZTHZET, U — MERELOAT—HED A = X LB LN
Wb WIS, AFIE TR, ROEEH Tl S L7z VLFE ©
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Migration of slow slip detected by slow and repeating
earthquakes along the Nankai trough

# Naoki Uchida (Tohoku Univ.), Kazushige Obara (ERI, UTokyo),
Ryota Takagi (Tohoku Univ.), Youichi Asano (NIED)
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Stacked Waveforms of LFEs at Parkfield: Toward

Estimating Focal Mechanisms

#Miki Aso, Naofumi Aso, Satoshi Ide (UTokyo)

T2y 7 AR EBEME RO L — FERICOAL T b, KA
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% [Rogers and Dragert, 2003; Ito et al., 2007], 2416 A v —HiFEIX 7L — FEE
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Difference between slow and regular earthquakes
appeared in amplitude and interevent-time distributions

#Akiko Takeo, Kazushige Obara (ERI, UTokyo)

Jdb =
B =

AO0—#EEERUCYI/ZF2—RTHEFOMELD btEREORWN
WEIRRDHWINTH S (Ide et al. 2007). KIAKXTIE, RO—HEEBED
WEDEWZLDHEMEICT 2, RECREMABOSHICEET 3.

ZO0—MEDRBABICDOWVT, ETHRTIEIERbEINBEDOELD
HREBRFEDH(Aso et al. 2011), B U < (FIEEH 7 (Watanabe et al.
2007)EBIRMLTWD, YT )L - /A XHAMEL, ARV MDBRZET
HEINEGFETHZIIXBTEBRWT ENEREREICLTWD, 2T T,
AR TRERAO—MEOREHEZEENICTML, RIBESHZHEIRIEU .

EEMBBRAGICOWVWT, fIZEXAFYIOTCRERAO-—MED—ETHDER
BHEDOREBBIGNREZTILT S EMNERINTWS(Frank et al.
2016). BEOHMBEORLEMBICOVWTHEYEZNLBEAHNSHHLPETIL
MR TN TWB (Corral 20047 E). RIARTIEFRAO—MERCEE OH#
EORAEETIVNAOERERDZ I EHBIEIC, T EEREMBIBDL
BRETWHERET Lt ER M.

T — 4 BT

BTN ROIAO—ME L LU TIFEMEOXHBER KM E(Asano et al.
2008; 2015)%EA . XTBERKME FEHBICHERT 2ERLH D@
BEOHEORELEOLENTVLYL T WED, RIPBERKMEICHENTIRIE
NRELBREXROFMAITVWLT W, MERFEHZRE L TIFBEBMEARDF-

neth T EMEHCHRESVCEEAROBRLATRENRIAZzAW:. £
9, 2004F48 N 52017FE3B DEH20-50M DR ICK L T, CMTET &
RYFRI74IILY—BFERIPEDEIARY MEHET > 2. RiC, KF
FEOEFMME EHSIRIBEZRELZ., £, EROBARECHLTTY
TL—hEFZ I RBECEICRULAEDELERERICYNYFR I 4ILY —f#
WEBEAL, REXREZFMLIE TV 7L—MOREFEREZEZ S & TR
HEAZRIBOBEKELTEL., BEOMEDOAYOSTELTEHIRTFO—TT
fthvyOs=fABL, YVZFa1—K6-TOMEORERIZHMEBLL. &
558517 ANS1FEEVWSKHEIRT—ILTYY ZF 12— R3ULEDHEIH
500EBAET N EVWSHICEVWTIFEMLTED, WO HDLEEAT
BETHD.

R - IR

BONERBBEARMEOREBEIERITERL, BREXROEEZRHIE
LTHZbShhh ok, RFFE/HZRIBEOHMELRFIERLRD, XO—#
EOBREICIIFENYI ZF12—RPGFEITZIEEZRETD. ZOBEN
BORUMEEERDZDIE, BIFLALBERRBEDHARFTEHN100kmIA
KOBBEHVWRDASIRIBZIFIF—TFICR>TWVWEIATHD. 1D0BRIE
AUGAZXDOFTAR) T AMBERLEICESDHELTVWRZEWVWSHDTH S.
HE31DDFRIE, BAShZI2BEREMEZTSNEENIAO—Y Y Fo
RNy NOBRABERAEZEVWSHEDTHZ. HlZiEIde et al. (2008)DTZ 7
VEBEETIVIFIRENIERAFICHZIIEEZFALTWS,
—HOBERARMEEOREBMBOEELIFRINFESHFZRLTED, 2
DIEHIF-2TH->Tc. BEOHMEORERIBGBULIARFES/HETH DN,
BHIT1EER>TW e, EEMNICIERAO-ME - BEMEHICERHNICE
IhP9L, ISICAO-EREZOERAN BN EZRT. REETILO
1DEULTT SO VEHETILEAWT—ENY ZF2a—RDARY NDF
AERERDZERBM2ORFENHEVWSERES .

M EDRRIGERBBEFAFBEDO—HIBRICEVWTESNLEEDTHD, &
BITBTEBOMLERE LD TENBZETILOBENREETH 3.
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Characteristics of broadband slow earthquakes explained by
a Brownian model
#Satoshi Ide, (EPS, Univ. Tokyo) and Akiko Takeo(ERI, Univ. Tokyo)

Brownian slow earthquake model is a stochastic model explaining the temporal change
of seismic moment release by slow earthquakes, which are considered as broadband
phenomena including tectonic tremors, low frequency earthquakes, and very low
frequency earthquakes in the seismological frequency range, and slow slip events in
geodetic range. The behavior of the model is divided into short- and long-time regimes,
at a time defined by geometrical restriction for the slow earthquake region. This model
explains the scaling law for slow earthquakes, the shape of seismic wave spectrum, and
small scaled energy, which are confirmed by the observation of slow earthquakes in
many regions. The fluctuation of stochastic differential equation can be non-Gaussian,
as suggested by recent observation. The model can also make prediction on statistics of
event size and event occurrence rate.

TR OMENICIEE K E(LFE), BIERR(VLAIE., RA—X Yy TA Y
FMrEIXRILHMIZIZERUCSHITRET IR EAN_XLEFE ODBEETHY. i
FEHHEEHTHRIND, VEFELFYNRRIAFEHAO—ME | EAETIEN
TE 5, Ide (2008; 2010)(XZDHE— MGt %E 5 2 HHEE@FEET JLBrownian Slow
Earthquake (BSE)ETILFIRIBLT=. ZNMSRI10ERBL . BRALEBRRERNES
BNTE, ZITBSEETILDHHMEBRBUVEIEL,. ETILHAZLOBRAEEER
BAYHEETT,

BSEETILTIE, TRYZERILTLSERDFHAH 1 Xrh,
dr = —ardt + o%dB

EVSHERMDARATRINDGERET D, [ FERREDBEIZEFRT /1544
—. alFREBZOFBH YA X (EIZREHRDIE) TRED/NFAE—TH 5.
EBEDOIBIXERDMICHS rAVNEVWREELEET S0 o+—0 . KEGD

EFVRIZKDBEI N E— AU — AT r D2RE-IFIRTEERTED,

BSEETILTIE, E—AU L —FEa ' KUY RV GHFBZFEOAIRUNT—FE
EIGY | B—AUMERFRID LEFIR 4 — )L iEBI(de et al, 200N % #T=F . a 1 kY 5E
We, B—AVUMIBGEBD2FE - (L25F(CHHITH, F-ITRILT—L—F &
E—AV—FDORIKIFIF—ELHED, ERIHRAGHIETHEON-. MEIDH
EIRILFT—EVLFFEOMETE—AU DL (scaled energy)lZIFIXRLCIEIZAS
(Maury et al., 2017), E—AU L —FARIMLVITEEREEREKEIZ2DODa—F—
#H5. PEFET1ETRY T 5. 2B REO—F—EFRIZ Ade &, K F KD
—F—IZalZR T B, mBPHRT—R T, RBFTEHATIDESIBEARYE
ILNBEEINTEY., RBIKYS T FILDELVEHFAAFZEIBD A O—HE DI
7RI TIE., 0.03-3 Hz T, 1T/ TRADTIHIRARIMILHA A BN BH(Kaneko et al.,
2017), MBI RERZINEZRELL L FEHMERKERAZYITBEVLFVTFIL
MBS B(Takeo et al., 2010; Ide and Yabe, 2014; Ide 2016)D (&, AA—HIEMZ
DESIBLHHARGIVEF ONSIEERATHIELTES,

CNETHEMHISAEIADEFEELT. ERSAEEZHOHRLTL:
M FIDBRERIZKY. ROERELHTHNIEL. ELLHRYRLORICIKE
oM ERELIZETIVIZIET 5. EFEDERICK > THBE)OLFEIXZERAIC
BB GFREMRKXZIFDIEANATREESN TLVS(Rubin and Armbruster, 2013; Bostock
et al, 2015), ZZEFIMICEB LGN A TLH. BREINSUF LGSEBIELALTIEN
TE.VATLELTOEHIBSEETIILTiEhESh b, TN A TEALLFEDE
REDLETVLFHDIEBZHRBATESELV3Gomberg et al. (2016)DERIIBSEET
ILOEBKRTr—RIZHEYET S,

BSEETILIE, CNETHRERINTUWVEWENICET 285t E T RIT 5. I
ZIEBE=AURL—ED /A AR BZECAT ARV EEETNIE. £
DY A X(Mo)-SEE#MET (RFEN ) (T, TEDOHED KSLARE LB TIIGIEH
FANCAS, Flza ' KYVEWVWBBEE TIX, —EDMoERHE T 2D CL B
RORBEA ML IEH-1DORENMEELDIETEIND, k. HhERLZER
HRADERGIZEENPTET.BSEETIILEAWNV-RO—hEFH D —RILH
AIRETH A,

AAEIEEFHIETE16H06477, 16H02219, SATREPS, KEBBFDI-HDHE X
ILER B A St E DB ZE ALV TEMLT=,
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A stochastic dynamic model of both regular

and slow earthquakes
#Naofumi Aso, Ryosuke Ando, Satoshi Ide (UTokyo)

Both regular and slow earthquakes are slip phenomena
on plate boundaries. The principal physics of slip evolution is
slip-stress interaction, and a (quasi-)dynamic modeling can
simulate not only regular earthquakes but also slow slips. In
these numerical simulations, spatial heterogeneity is usually
considered not only for explaining real physical properties but
also for evaluating the stability of the calculations or the
sensitivity of the results on the condition. However, even
though we discretize the model space with small grids,
heterogeneity at smaller scales than the grid size is not
considered in the models with deterministic governing
equations. To evaluate the effect of heterogeneity at the
smaller scales, which is expected to exist in reality, we need
to consider stochastic interactions between slip and stress in
a dynamic modeling. At the same time, tidal stress is known to
trigger or affect both regular and slow earthquakes [Yabe et
al., 2015; Ide et al., 2016], and such an external force with
fluctuation can also be considered as a stochastic external
force. A healing process of faults may also be stochastic, so
we introduce stochastic friction law.

In the present study, we propose a stochastic dynamic
model to explain both regular and slow earthquakes. We solve
mode Il problem, which corresponds to tremor migration or
slow-slip propagation along the strike direction. We use BIEM
(boundary integral equation method) scheme to simulate slip
evolution, but we add stochastic perturbations in the
governing equations, which is usually written in a
deterministic manner. As the simplest type of perturbations,
we adopt Gaussian deviations in the formulation of the slip-
stress kernel, external force, and friction.

By increasing the amplitude of perturbations of the slip-
stress kernel, we reproduce complicated rupture process of
regular earthquakes including unilateral and bilateral ruptures.
By perturbing external force, we reproduce slow rupture
propagation at a scale of km/day, although the governing
physical process is dynamic triggering that transfer
information at S-wave velocity. The slow propagation
generated by a combination of fast processes is analogous to
the kinetic theory of gasses: thermal diffusion appears much
slower than the particle velocity of each molecule.

The concept of stochastic triggering originates in the
Brownian walk model [Ide, 2008], and the present study
introduces the stochastic dynamics into dynamic simulations.
The stochastic dynamic model has the potential to explain
both regular and slow earthquakes more realistically.
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Modeling slow-slip events and their triggering by the Kaikoura
earthquake along the Hikurangi subduction plate interface
# Bunichiro Shibazaki (BRI), Laura Wallace, lan Hamling, Yoshihiro
Kaneko (GNS Science), Takanori Matsuzawa (NIED), Yoshihiro Ito
(DPRI, Kyoto Univ.)

Introduction Recent geodetic observations revealed the occurrence
of various slow-slip events (SSEs) along the Hikurangi subduction
plate interfaces (Wallace and Beavan, 2010). Long-term SSEs with a
duration of 1.5 years (Manawatu and Kapiti SSEs) occur at the
deeper portion of the Hikurangi subduction zone, and shallow, short-
term SSEs with a duration of 1-3 weeks occur along the northern
and central parts of the subduction zone.

On 14 November 2016, Mw 7.8 Kaikoura earthquake occurred in
the northeastern part of the South Island of New Zealand. Hamling
et al. (2017) developed a fault slip model using INSAR and GPS data
and found slips occurred along numerous faults with diverse
orientations. The Kaikoura earthquake triggered a large, shallow
SSE and a deep Kapiti SSE of the Hikurangi subduction zone. The
earthquake did not trigger a deep Manawatu SSE. The dynamic
stress changes in the shallow SSE zone are calculated to be on the
order of 200-700 kPa, though the static stress change in this zone is
very small (0.2-0.7 kPa; Wallace et al, 2017). Therefore, dynamic
triggering caused the shallow SSE. On the other hand, static stress
change in the Kapiti SSE is large (500 kPa), because this zone is
very close to the source region of the Kaikoura earthquake. The
present study considers stress kicks by the Kaikoura earthquake to
investigate the mechanisms of triggered SSEs along the Hikurangi
subduction zone.

Static triggering We model slip processes along the Hikurangi
subduction zone considering a rate- and state-dependent friction law
with a cutoff velocity to an evolution effect. We consider a realistic
configuration of the plate interface. Based on the study of
interseismic coupling, we set the seismogenic zone where a-b is
negative. We set both the Manawatu and Kapiti SSE regions at the
deeper extension of the seismogenic zone.

Shear and normal stress changes are calculated by the source
model of the Kaikoura earthquake (Hamling et al., 2017). We
consider the shear stress changes along the direction of the back
slip and the normal stress changes. In the southern part of the Kapiti
SSE zone, shear stress increase exceeds 0.1 MPa. This value is
larger than the theoretically estimated stress drop of 0.07 MPa for
Kapiti SSEs. We give stress changes at several time steps to
examine whether or not SSEs are triggered. Kapiti SSEs are
triggered in many cases. However, in the main slip zone of the
Manawatu SSE, SSEs are not triggered. This result is consistent
with the observed results.

Dynamic triggering We also try to model SSEs caused by dynamic
triggering. For simplicity, we consider a region of shallow SSEs and
give a stress perturbation that is a sine function of time and
propagates from south to north. Just after the perturbation, slip
velocity increases, and slips continue to occur for around a week.
Our results suggest that shear stress changes caused by wave
propagation along the fault can generate triggered SSEs.
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Numerical experiments on estimation of frictional
properties and slip evolution on the Bungo Channel Long-
term SSE fault with Ensemble Kalman Filter

#Kento Nishikiori, Kazuro Hirahara (Kyoto Univ.)
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Characteristics of the subducting oceanic crust inferred from
occurrence locations of the deep low-frequency earthguakes
and intrasrab earthauakes in Tokai

HSadaomi Suzuki (TRIES)

MENNATT (R, FLft, AT T 177) Tl GREMEE B H5R (LFE) 23 %
FEAEL TWAD (121X Obara (2002), Rogers & Dragert (2003)). HZ. Aber et
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WAZT T, IEAIATUFFE I O CIIHE A H EV I AT, WEEERIC
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Z® L% (Mantle wedge) & T (MEFEHIE)IZEL km FREEJRN > TS, A2)
Thrust—faulting mechanisms OME % #F> TV A(de et al., 2007). A3) EIRILE
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Episodic slow slip and drainage from the megathrust

#Junichi Nakajima (Tokyo Tech), Naoki Uchida (Tohoku Univ.)
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BRI TWD DT TIERL, 7 L— MERND OPEKRRLTRIKDOBEC
DB T = Wfﬁﬁﬁﬂﬂfﬁﬂé&%z%hKW%SSmmnzmﬁ
MK EDOEIC L0 SRR E L BT 5 2 Lnh, 7L— MERTOM
EEAbE EBALT D1 OIIIKOEEB OHBEN R R TH 5.

Fex 1T 7 L— FEREE TOKOZEEBZBH ST H 7201, KR
P CHRAL TWART OHIE (74U 7L — RO EEEROELZFDOH
Lo BEENHE) ICER L, MBS KO E AT 21T 72, RiRIE T, @
ST RS T HBANTAKDBPEH S T D LR TE DN DD FE H 72
B FEEZABI T 5.

2. ENTFELER
2004 D5 2015 FETITH AL RIREFEET O 7 Ve 7L —hO
EEEROMBELEZOE Lo F#ENHE (RS 25-35 km) 2R R I 21T
7o £, 7408 ML — O EO/NEDIRLHIENS T L —MERTO 3~
DL —bhORFZE b Z RS, Zihd RO MBITEIEOFEEZFHR L. 20
FERL, NMEVIRLUHEOIRENT 12 F0EELSZL, 2004-2010 Tk k-
BN OMEIEENL 7L —FER MBI 02-04 » AL TRAEL VD
&, —J7C 2012 FLUFIZZENO ORI ZENTIFE 0 IS/ o722 R LMNIT -
7= WIZ, MIBTEEI OB _EIZREBSI TS MeSO-net Bl 8 DR IET —
H2aERWT, HBHELT L —NERRED P WHEIAIMNVELEEIEL, &
D ED TN HERB OIRE/NTA—2 (Af) ZHEE LTZ. ZOMHTTIE 0.4
ORI R ZREL, 7 —MNERHEIZOWUIZ OB T THRAELE

HEED BAE AT, FBBNIEALE 2 SOHED ERZENLHER O
BoWE (O BEHE LR, 0 ISR Z LR Rbi, /NI L H
EORELRIMIL T BB O BRI DS KEL2>TODIENRBHLNNI 2>
7=,

3. B - A an

K7 CHELN-BINERITL, 7L —MERTO TROLIR—ED Tt

AL TWDEHDEE 2 HID FEIMNIZBL G % R 8L 5E) .
1) Wpo<DFT RODOFEA (VD IRLHIE DR E)
2) L= ERANLOKROPEL (FL—E EOREEEOIEN)
3) KO EF (E#BENOHEIREOIEFRL)
4) KRGO I (BN O ETR B O FRL)
5) 7L —MER~DOKOUEHE ERIBRKED E5H-

DoV FT RYDOFAJHINI IR AED _EFH L —ReZ D85 FT o 8 WS T D
RESTIEY, ZOBFATITTORMENIK 1 ETHEN, FlzIEvErR B ARDE
T ARCJE MR R AR T 3-6 4 A AR IR O Pk — i — T R 2
ORI TWNBEEZLND. ?JFtHéﬂfJJ(#LﬁQW%:Lﬁ#%L ITZZTOH

BRENEAT DN, LT —RERIZH > TERETICEE T L, 22 To
MK EE ERSELTHAY. oFD, @o<@@"\@@§l\ééﬁlﬁg)7}<@@@ﬂl
XY up-dip MO EFEBOFREIMK N T2 REMHENHDH. T ETICHERSILT
WD) 5L F RV I D [E Tk ~D IS DEELTE T TiEe<, Koftaick oM
FEERTHEBIZTEZERBL TWOKULERHLINE LILRV.,

AR THONIR ST —HO T av 2%, HEAKERICIVESN TV
K- HEELZ b —>F R MBEORAEJEFEU L RS THD. £, 7L —ME
?WEK%WM%Smﬁﬁ@ﬁHMm~ﬁmm%hh&6fL%%%@%%

éaﬁ%ébfﬁé&6%@%&*%%?&%%6%%W@%@& 9 5.

DOFERIL, KOTFE-BENZOLO N MEBERAIELO TR, KOG

wawmrﬁmwfmqw REE DMK T U= fEI CHUE AN AT A LA
FRIRIBL TN,

A AR AT IS IT R R T — Je b O i A RO E, 35 KU AR T R 41 0 A
(MeSO-net) DEJEZAF VL ELT. GEL TEBVZLET.




S08—14

CMT T—2 4 oN\—2 3 VEITK BIENIGOHTE & IREST -
BRAL 3l 5 KT i e R AT D I F115 D R AT 451
# )T (HKRERE)
Tectonic stress fields and their uncertainties
inferred from CMT data inversion

#Toshiko Terakawa (Nagoya Univ.)

CMT T —%A "=V a ik, T—A0 T U Y IVORKDEFRK
ZFEREDOHIF A E L, XA XRHEHER IR SN TEZEOMIED CMT
TN OM ORI % 3R HEET DI 1A v N—2 3 VKT
b5 (1. ZnFETIE, ZOFEICEY, BARIEGEEICEN I L-MME
HUBRBHEIC L > TR NI RETRERY/INMEOT —2 (Wi : 1997
1 H~20074% 1 H, Fnet MT 7% v 2, BRI 6, MR ILA
AN E T D BAYISEDR DT 7 b= 7 IS GBI — I HEE
ENTWD [2l. ZofERIE, WEROMEBICLVEAERONTE G
GO LT TH L7210 T <, BE km A7 — L OEE 25| E 2
T7 L — F O FIAFEECPF GTINDOFEZEIZ A 5D K5 e+ km 27
— VD77 b=y Z7EENCH L KHE L TEY EBREN. Zo Lo, F
EOHINENTREND —FT, IS OHEERZEDOFAMIZE L CITifn
Feo Tz, £ZT, AWFFETIE, CMT F—% A 1=V g VIEOKE
Z A LT RAZERHIE O FIEIZ W TR 95 [38).

CMT 7 —4 — /"= 3 ETIE, /16 Ky & BB ERED
BTREL, TORKEETT LT A =4 L LRI EDH%5E
HBOMNTHD] &V BRI EEMEEZR L, T VN T A —F DR
EZ Do BATIIEHEE T D, HEROMETMETIX, 8 - HoHk
TN BB ST DRFERAEZFIR L, 2D A a IR ORET v Y

NORESEALZE LT 2l UL, ZOFETIE, ISHHD %
—VDEHEEEN EORETHDLONNHWE TR, 22T, ok - 25
BATHNCAE D A E (BT NRT A —28) OEBELEZ AV z2HtE
EEmE L (8l BARMIICIE, Ao "=V a o TELNAE - 58
1THNTHE H ZEEEREE (BRTET NV RT A—H) InSIn i EFHEL,
ZOERIE IS RIS IO T Y LV ONIEEREET S, OBREE M
FELEDIREL, T VY ILONEOFEHE L #OEEFAEEZ O TS 5D
HEERRAEZ TG L7, ZOFIETIE, IGHGHOY — 2 O oA & ERGHR
THID, 2BEOT Y REE LTOIRHOEEKESe, BlEDE LTE
S OB BT 7 £ A E BRI TS 2 LN TE B,

Z OREZEFHIE 2 VT, BB e CRAET) HUERTH OIS )
BHZOWTHA Tz, SR o BRI R RT OIS D5 B LTk, s
PEIERE OWWI RS 15 CH D Z E BTSN TWDEN [2], T —XEE
DENEM LT, HERBEIZIIAERIZILDENS DL ENbhoTt.
RIZ, Fnet MT 7 & v 7 OHiET —4% (HIfH : 2011 4 3 A 11 H 15:00
~20174F 6 A 30 H) 75, HALIHIEER OIS 15D /2 — v B HEERR 7
TR Dz RALMHERIZ OIS NGEE R T 5 &, FREREVHLD
DML, AECTRELS T RoEROBEESICRoNS. iz, #Hik
MHIEER OHEERRZ O DA ) B I1%, BERMER I HEALH T o RS8O
RN RES B LT Ebbins.

1. Terakawa, T. and M. Matsu’ura, CMT data inversion using a Bayesian information criterion to
estimate seismogenic stress fields, GJI, 172, 674-685, 2008.

2. Terakawa, T. and M. Matsu’ura, 3-D tectonic stress fields in and around Japan inverted from
CMT data of seismic events, Vol. 29, Tectonics, doi:10.1029/2009TC002626, 2010.

3. Terakawa, T., Overpressurized fluids drive microseismic swarm activity around Mt. Ontake

volcano, Japan, EPS, 69, 87, 2017.
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JYR I TP -T2/ AT T7HEEETEZELT-
FEBELFSI7RA0DTL—FEITRYENREESHTOHTE
HEFEAKE - BHREE - BLUE— KR

Slip-deficit rate distribution along the Nankai trough, taking elastic
lithosphere and viscoelastic asthenosphere into account
#Akemi Noda, Tatsuhiko Saito, Eiichi Fukuyama (NIED)

1. [FL&HIC

GNSS BLANC X 2 R E#) 7 — & Z fffr L CHUEM O 7 L — TR0 EZEisy
aHEET DR TIE, —MRICEE~10 FREOENN AR (BA0EkE) & 71—
NEFT RO BIEERXHIEDT O D, MlE N T 7 Exi gL LIk O

%, EAWMEREZE L CEMEHET — 2 b EBIMO 7 L— MET XD En
B A HEE LT AFFED % > 7= (e.g. Yoshioka and Matsuoka, 2013; Loveless and
Meade, 2016; Yokota et al., 2016). L2>L7228 5, FEEICEN S5 Mgk B8 i3
NURIO T L— MET RIS THT 2 A7 =7 ORSERMOEENEG ENT
WDTes, AKITT R JEEE L RIS E 2 BB LRSI N LETH 5.
2. MERMBEEORTER

Noda et al. (2013) (ZfEVy, L — MNERMBOREMB TN VA7 27 —7
T AT 2 T EEOHR R . 0 +0RWEIRET 5 L, HEMOHED
BAGEE L, (1) 7 L— RO EFN 23T EEOEERAIGE, 2) BHm
(ZHERE S D — B DT R BIVEE O FERRFNE, (3) ilEFAE LT L— R
MR OIS GHE), oBERALFICEYRIIND. 22T, E&EMG
BLlXT ') A7 27 PRI LT BB 2187, e R 1R A
fEL2W =, (DEQIE—EHETHDH. - T, RIRIOT L— MNERHEND
Ay RERI 2SR L TR L7z & &, (DA BERRAVICEHE L CAMIRE T —
B LW Y OBGEEIZOWT, ERERIGEEZ WA v —T 3
PN EAT 2R, TRV BRHESMAWET D Z LN FREICR D,

SEREAISEILT | ) A7 =7 ORMERITKFE LWz, —EDE S Ok
B (VY 27=27) DEREEERE (T8 A7 27) ICHli-oTclEEE 2D
L, EEERISEIL) VAT 2T ORIICOMEFTH. £ T, A TIRY
VAT =T DEZEEZTHBEAARD GNSS T—X & A 3=V a ViEfT L, %
WETANT RO BIEE S OHEICE 2 2B W TF LTz,

3. BEBEARDGNSS T—2 DA 2N\—T 3 VN

£, E PO GEONET F3 fif 7 — % %, A —/—F v 7 L7z 6 4[]
(1996-2002, 1999-2005, 2002-2008, 2005-2011 4F) (2D CTHERFIMENT L, ZAriE
BT =2 %25, 206 OMIMOZENLRE DR Z(LRAFFF /NS NI &nb,
1944 FE R EHIEE & 1946 FFERVEHIEE ORSMERERIL, T XV BT L D Hk A2 H) &
HARTHGRNEWLRLETHEL TS EBExHNE. £2T, fiFEL LT
2005-2011 4E DZENLHEE T — # % Yokota et al. (2016) 12 L D EHR A ST — & L
#AAIDHE T, Nodaetal (2013) DELT —H A L N—T a U FEICHEA LT
7 L— FEESREIRIZIZ CAMP standard model (Hashimoto et al., 2004) % V>, JE%&
BE% D FHHZ 13 Fukahata and Matsu’ura (2006) O FtH 22— R&2MH L7-.

SERMMEINERB LY Y AT = 7JE & 40~80km D5 2REFIGE & AW 85412
DUVNTIRHTRER 2 Wl U7z, SERMMEIREZ WD &R BO B — 7 P

DICBENDDIZXHL, UYATZ7 =T BNENEEBEISEIFEET RV EBEROE—7
m@/ﬁ{ﬁl iz@ﬁé@mmﬁ S (B ).

(b) HL=80km

36"

(c) HL=60km

[ - e m—
-70 -60 50 ~40 -30 o0 0 10 2 3 40 su 5070 mmiyr
slip-deficit

B4 1 F R EAEEES A
(a) SERHMEEE, (b) VY A7 =T JEE 80km, (¢) VYV A7 =72 X 60km
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7' L— MNEROEIS(C & SERmBARDIMESIRILF—D
&1E - RN N7 2YVILEITRDENDREHET
R | DA - SEE - EET T (BRI, 2SRIbk)

Shear-strain energy rate distribution caused by the interplate locking along

Nankai Trough: An integration analysis using stress tensor inversion and

slip deficit inversion

#Tatsuhiko Saito?, Akemi Noda?, Keisuke Yoshida?, and Sachiko Tanaka® (*NIED, *Tohoku
University)

1. FUSIC MEFRESERHEIIDE0E U ULHBERDREMZR b ZRIEED T &
(FEETHD. TL— MNEDEE (IRDEN) (&, ~100 £ - ~100 km RT—) LD
DRt ETc5Y. CORR, INDENAEEICSISRI TN LDH TS, It
INEET DN DNEIDN SR, BRONNIDARME (SHEEHDESE) DB
RICEDT, IDHIHEET DN, BT DHNIRED. DD, IEIHBELICKBIES

B/ RN RNDIED(C(E, BROISISELHBEL L Z2HE THIT T 2wEN 5.

AIAFE TS, BIRAISDEE/ FRRDZERD I EHEE T DIZHIC, [SHNT VIV E TN
DEBNBATIEROBTEIT(C K DIESH T LF—DIERE MUl 2 F 2R, ™
8>S L— MREROEEN TR B ADHARARR TR (Y BERT T~ L —aiEhi - md
DA S B.

2. #INIEST—4 & GNSS T—IDiaf#T

9, WIMEDAD X LEFZEHFT D ECKDFERmBAARDIGIGZEHEES D. s
HAT 1997 FEh'5 2015 F(CHEUJE 130,000 EOHEDA D \f#=RNT, 3
DOEEMEBOAMB EIEALLER(E= (0, —0,) /(01— 03)) DERDHEHTEL 2
(Hardebeck and Michael 2006 JGR; FH - f&ll 2016 JpGU). RIC, GEONET T#i
Bl =famBEAD GNSS 528k (3 BkaZEAELER) ZHALT, TL— MNEDIRDIENL
— hDZERITEHE L/Z (Noda et al. 2013 GII; £FMH - it 2017 HEFR). #HEL
TEIRDENSTAERICKRZFIIHAZEE ((Sh7> VL) ZETBEUE.

BRI L —(HEB(CEX SN TV\DEMEHDEZ R L, IFEACSEmEN' S
SALNESCHDHBE, BEOBEWISHOHHELEMEDIIDIENTES. mE~NSD
T — NEIEE(C K DISHZ LR GE (CHIREAIICE X SN T\ DEMHANES =D DES
WEATRILF—2W (x) £ 3. BB NS ITEEICKDISIE AT (CKDT, BMiEH

TITRILF—HW(X) + AW (x) (LT BIHE, AW (x)(&

AW = (01 — 63)/(6p) - [-(R + 1)ATy; + (2R — 1) A1y, + (2 — R)A733] + 0(477)
ERITENTES. ZIZL, At (FESREIISOFHMOEMERZEANTRL TS, &
1z, oy — o3 |[SESIEINBOECH, ulFEERTHS.

3. 7L —MNEEB(C K DIBIEHTRIVF—DIERE  [SHERTE I RDIENFRTOFESR
UV THEE UTZEIRO 9 A TR LA L DTN ZRICR Y. 212U, Z=isfo, —
o3 (FEBAINSIEZRET D ENTER Nz, ECH TR UTe TR LF—2{ 2R T
ELE - RBRE, BEiEATIRLF—ZhE (B, SIS HiEE) R0, imsgts
TlZ, EMEATRILF—ZNE (O, BHEHER Zrd. N EENSTE
AMERIDEHTRILF—ZLOMEE EHRT ENTED. — 5, BN I TEXI
EANREL, INDEBENNEBE T IBRCIE, TEAHTRILF—DERY F— s
BDENFIEEND. WFETRE UIZESEDEERRANS, e NS JAMERAEF]
(CIatth s TOMEREATER RO, BE S JMERER(C (TR B ARIPESD

(Inner Zone of Southwest Japan) THIEEEIHER E72D C EZHESNTL VS (Hori
and Oike 1999). AIATY CHEE U/EBIREHRH T~ L+ —DIERN SHIF I Dt EEhE
1bld, ZDAEEEATULNS.

[
130" 132° 134° 136" 138°

-10 -5 0 5 10
dW x 6 / (o1—03) [kPalyr]

M. 7L — MEEEICER I D HE I 5 3 A T+
—DIERIE (RS 10km).
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#AH RE- KB ELF-518 =i - 570 FMBR(FELRD

Recurrence of the M 6-class earthquakes and the loading

process in the northern Ibaraki prefecture area, Japan
#Takahiko Uchide, Makiko Ohtani, Miki Takahashi, Kazutoshi Imanishi
(GSJ, AIST)

In various areas in the northeast Japan, the seismicity was activated by the 2011
Tohoku-oki earthquakes. The Fukushima-Hamadori and the northern Ibaraki
prefecture areas experience the sudden increase in seismicity mainly with normal
faulting earthquakes. In the northern Ibaraki prefecture area, an M; 5.7 earthquake
occurred at 14:54 on March 11, 2011 (JST), 8 minutes after the Tohoku-oki
mainshock, and an M; 6.1 one on March 19, 2011. And, 5.8 years after, an M; 6.3
earthquake occurred on December 28, 2016 in the same area. The InSAR image and
the surface rupture survey indicated the re-rupture of the ground surface. The
aftershock seismicity of the 2016 event occurred within the seismicity area since
2011, which implies that the 2016 event ruptured faults already ruptured by the 2011
events. On the other hand, the strong-motion records for those three events are
different from each other, implying the different source processes at depth. We
conducted finite-fault slip inversion analyses for those three events, which indicated
that the slip areas are partially overlapped. The events of March 11, 2011 and
December 28, 2016 ruptured the shallow portion of the fault and therefore they are
likely to rupture the ground surface. 5.8 years of the recurrence interval seems to be
short as that for M6-class earthquakes. The GSI GEONET data and the ETAS
modeling for the aftershock seismicity commonly imply the loading process by the
coseismic and postseismic process of the Tohoku-oki earthquake, which is very
different from usual cases such as the constant loading at plate interface.

2011 A AL G KSR IR DA ﬁitazlx@%\fmfﬂﬁ ERE SRR L
720 TDHIHEDONEDN, 18 5 R m ORI IR AL 2T Co il TH 5,
PERMTNEE A E MIBRTR BN N2 72728, 2011 45 4 A 11 B (FEZNT 9 X TH AR
IR S IR 0 JIsk C M, 7.0 OB AT 5708 EW @R A Pl
%:){ﬁé%écﬂﬁ SIREhS b7, ZRSIRAEENIZI W TIL, 2011 4E 3 H 11 H 14ﬁ%‘:

7 CRALH T RSP R O EEBR 46D 8 738N M; 5.7, [A A 19 HIZ
6 1 DOHUE/RERFEL TV, 2%, RA IZEFEL ThoTe, 2012 Etﬁﬁ

SUE IR AL BB Btk o 05 23 S UL e im0 el L0 MUBTR B ANE R T o7, €
LT, 2016 4F 12 A 28 HIZIZARMIR AL M3 C M; 6.3 OHENIEA LT, KK
AL Iz BN T, 5 4E 9 8 H 5012 M6 kO HIE N RAELT-DOTH S,

2011 4L 2016 O HEILIFI UWiE 28 L 7-D THAH7)>, InSAR HE{E-0H
FREARE R Tl RGO B[R CTHHIEIIRIESI TS, 2016 4
DOHIBEDRE/ARIL 2011 FLUEDO HETR B OFPHNICH D729, 2016 %@ﬂﬁ
BANZL S THTE R REWET B EE L /=813 2120V, — 5, B IEIC
WA RLBIATZD il F COBFIBRRITITE VRS HEE X HND,

ZI T, BREWN ISR E W R0 A R — T a fjT A 2011$3H
11 H-19 H.2016 fFFOHIEIZHOWTIToT-, FOFER . T 05T an%
Iz, EERCTOT DA G| IL7=D1L 2011453 A 11 HE 2016 FEDOHE
boHLEZ BN, 2016 fﬁ@fﬂ;‘;&@lﬁ%?‘f\@ JAIE 2011 420D 2 SOHIEE %/\
ORI TR EEEN AONDT-0, BB HNIE 5.8 £ C 2 A4 o= AT
NHDHEEZHND, ZO MR, ‘ﬂéﬁﬁx@u\&%z%né7v RNEE ST D
VIRLHIE , FlZI1E. A TD M 4.8 OHIFED 5.4 FEFEE TR L7~
(Matsuzawa et al., 2002), 7X\—27 4—/LRTO M 6.0 DHIFEH 23 H-FLE THED
W U7=5l(Bakun and Lindh, 1985)&H0~_TH | 237205,

PRBIRACERIZ B DI Sy difmr 1, B H AL 5 RSP v 7R 0 i FE RS B
OGN T RO - RN EENZLDEHE 2505, [H-HPEFE GEONET O H 4% D

JEAEAE (F3 fif) 2 A= M B HE B 12 20 B 5 RS i ER 78 AR BRI 38 1
5 PR ORI/ N E B IZ BT D572 NN MR T2, 2D
TEOWEIZLY & & R im0 il CIT A JERE T IICE THEBIAT DITHL .
I RACES CIZIEARIE S DD EETh o7z, ZHN U IS 3172 B TS 8
DB DFEWIENT-LEZ NS, A2 X Y)>TETAS 5 /L& W THIEE
/ﬁ%ﬁ%ﬁ%ﬁbﬁ*ﬁ% N7 7T ROMBER AR L L IR E B 5T

IZHEDL WD ED o7, ZHUE, i I3 1 D i far s E DI kR LT
WDHHLDEE Z B, ZO IO, RBRALHIC B T DRI B LR E 1T RL<
RHEL TR, HEHEE W‘ﬁ MR 2B INL T, 2% LoD
HLIEDOEFFETHLE VIR AL o7, ZHUT T L —MERETOE
EHZRE RS T e B s, S %O MEIEEZ E BRI TR 512, )
AL H 7 R PE M HIEE DARZH TR0 RN EBOET V7 & diArixr3 5 W8
DB T AN ML ETH D,
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Unexpected consequences of seismic anisotropy
#Hitoshi Kawakatsu (ERI)

(% ® 1) Kawakatsu et al. (2015), Kawakatsu (2016a,b) %,
transverse isotropy MIEIZREHT D H =725 DT A X —L LT, EIK
AR E O NG KA 2GR T Dy 2 RS U7, 0 AE S i 23 K
2722 5&MM=)E ML L, a2 /3T A% — & U AHBEZ XRT
HERKO I T/ B0, PHREEE N EH < 225 J5 A TSVl 3 < 7
HIEWNbND., ZOXIREERDDEE, SHMEENE L TER
NETT T 4R EDOEEMTEAIT O &, Vp-VsttSI A T X & %10F
HZENTHEIND.

(2D 2) L —_—BEMNT T, P-Sv, Sv-PEHE AL, &
B IE S A HEET D20, FHEEOSAIL, SEMEEOEILE T
LHEZEZBNTWD (Bl 21X, Aki&Richards, 1980). & /XT A X —
& L TCTISRM T TOP-Sy, Sv-PE#HIRE A RS 2 &, PR G
SEBINDZERHALNTR o, Ly —N—BEOMBRICSE K2
WEBE 5 2 DA REENH D (Kawakatsu, 2017).

Reference:

Kawakatsu, H., Montagner, J.P., Song, T.R.A., (2015). On DLA’s 1, In The
Interdisciplinary Earth: A volume in honor of Don L. Anderson. GSA and AGU.
pp. 33-38.

Kawakatsu, H., (2016a). A new fifth parameter for transverse isotropy. Geophys.
J. Int. 204, 682—-685. doi:10.1093/gji/ggv479.

Kawakatsu, H., (2016b). A new fifth parameter for transverse isotropy II: partial
derivatives. Geophys. J. Int. 206, 360-367. doi:10.1093/gji/ggw152.
Kawakatsu, H., (2017). A new fifth parameter for transverse isotropy III:
reflection and transmission coefficients. in preparation.
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REEAUHBEICOVTOMMERERT (SREEMA). KKRIX, HAHE
BEHB-THEEDPHE, SVEDMHEREZTRT. MUOER - SRE, BH
EHEMLDITNERTNIAZI—ZELSEGEOMEERERT. EHRE
1.<10DEE, REEn>1D05EICxIET % (Kawakatsu, 2016a, K 3 #X
%),

X 1.
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Effect of new radial anisotropy parameter 1, on phase

speed inversions of surface waves
#Shuya Okuyama, Kazunori Yoshizawa (Hokkaido Univ.),
Hitoshi Kawakatsu (ERI, Univ. of Tokyo)

1. [FL&IZ

MWEREEEAMZRARNDIEEIVNLOFEL, KNI OB EEFMS
LTTCEELGFAINYELS. IR ARICKIBEREENDEVNERITHER
BHIFADDHEIRRE (B, fr an a,) EBFENSA—EnIZ&>TRBEIND
(BIESVIRRE, BylESHIKRE, apldPHBRE, o, [FPVREREEZRT). &
HEERAWVERADHMEEAEOAREIEICSKEEDEA (B, B¢ =
Br/B) YD ZERBMNBILTHY, PREZEE (a), a,))Pn/NTA—=RIZDWNTIERYT
—JodEnsdh, BEETILTEESN, EEBRINDIZLEIHTHS.

XL, Kawakatsu et al. [2015]I2&> T, 5BFEEHDE AR /NTA—4nDEE
NRESN, FEGEAENIA—a)NREESI. nDEAIZKY, EK
EEEODASFAKGHELEOBRALYIRAELLG A, n&EnJEETHIL
Tap, ap, N DBEEA—RIVICITBEZELE LI AEL SH[Kawakatsu, 2016b]. 7, D
BREA—RILDOKRESENDGZEELYKREEH1.8B)EY, ap,a, DEEHA—F
LNEREMHEICERERERENEDT TS, KHETIE, nDERICHIET HEE
W—FRILDBEHRE~ADEEIZOVNT, RAKOARSBHET—42Z2AN
FHIRKIEEETIILOETTAMNBLTRIEEY 5.

2. T—REAE

HMEEBEETILOETHDONICLIFZELXFMT5-0IC, FEDEREZ
BCERETVICHTLERDBBEREAVTETLEESL, EOETIL
LDLEETS. COME, Tarantola & Valette [1982]IC KB EHH A /N—2
AV DHEERAL, 5DDEME/INTA—R[B,, By, ap, ay,nor N JJEMMIIEHELT
Brdsd ZEFEZEETILOMETEETS. MALEZABFE30-200sT,

BERXE-FORELIFO~ARETDOITREVLA)—RERAWNS.

3. BMERUVER
ERDNEFH LU ICEREZEH-BEETILDETTANERL, n&n,lc

EBELEBEEOER

B2 480

Foa

Doy ~DBREDEENEONDIENDHMoT-.
NDBEEA—RILENDBEIZLERTKREL, BT AOREABVERE
—RZFATEEBEE, 100~300kmDEEIZHWNT, SEEEDHLEST, 1,
“HOEEEMIICRETELAEEMENTEEINS. =1L, EXE—FDH# %
AW AIZIE, DB~ DEEA/NEL, $HIZT100km L% Tldn, & B, D &

Eh—IL0FEEEEFD

=4

Fra

MiEs, nDREIERETHD.

FRIALEFER, B, —nBORL—FA 74, kA

Tz, RIS THMBAD,DEE, nDIFELYKRELBHERNHS
Ny MBERNOqITEEEZETCERETIVERVTANTE, FICHRZEN
TRDa,ABRLETLTES. Th(F, nDHEEDa,RENBRATRAE—V%

BIHENRELTWSEEZEZALNS.

(a)°

100 -

200 4
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(C) 0
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(b)°

By n By Ny
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m ] @ ‘ T
H 100 H
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300
400
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- - ! - 600 - - -
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CARFTETILETOHRRO-4RE—F). i ZEETIL, BE.EDETI,

BRI ETIL(PREM).

(0) B, 5%, 1 5%, (d) B, 5%, n, 588,

(a) B,,nkIZ5%E N, (b) B, FEIZ5%IE NN,
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A convenient method to use direct prior information in
inversion analyses using ABIC
#Yukitoshi Fukahata (Kyoto Univ.), Keiichi Ishizu (Kyoto Univ.)

E R HLER D B2 OB T — 2 1%, BHIAR 0N O RNEMER D, A 83—
Vg VRN CIIERB R SR U OF T 2 0@ Th D, BRIV RS
AR, B E MMz 55 (Matsu'ura et al., 2007)

BRI EEMEIL, ETARTIAZBRAEEZEERET 2 H DT,
Jackson (1979)IZLA FDOJE CTHRELL /=
a=a+Aa (1)
ZIT, aldERNE RN OHESNTELL L LWETAART AL DETH
V. AalTAOHEOME a POLOFTHEET, Aap Yo, EHHeF oy
U AGAANCHE D EARGETIUE, ()OO BB,

py(a;e?) = 2re*)y ™" |F|7l/2 exp{—%z(a -a)F'(a— 5)} ()

LHERBEERABOICERI]TE S, MIZTET AV RTAZETHD,

— 07, B BRI RS 13, BT AT XA X B OBBRERET 2 H DT,
Bl Z ITHIE O TR SAHEEORETIX, WO I OWMEFMHENIAS HNG
NTW5D, MREERKEL UL UFOXI REBIERD .

N 1 _ _
p,(a;p*)=2rp*) |AG|1/2 exp[— 2 (a—a) G(a— a)} (3)
T 2T, G IR BRI S 2 BB T H1THIT, pRlt ko TEOM S (E
B) PHEESN TS, g &|Agid. G DT v 7 RUFHEEEAHEOMTH 5,

Q)& B)D oD IERIIH R SFIE, Fukahata et al. (2004)D FiEIZHE-> T,
AP L ic—2icE o bivd (Matsu'ura et al., 2007)

M2

pla;p’ &)= (2m)

L2G+LZF‘1
p €

1/2
1 _rl 1 1 _
exp{—z(a—a) [,02 G+—82 F 1](3—3)] 4)

AT, HERERARSMAEE LT, (DTREETANRT AL OEEE
EIZHE LTV, B BOEBROMEEEEZHERLZWEELH S,
BIZIE, BT NNT AL a OMIEFER R H D ME M OJE 0I5 5 2 & 23
MHTEHHE, TORMFBLUTOL RS ENTED
m=Da+ Am %)
HEDE—A L FEWHRSEME LTHWDSEER L (5D HEPHITIAW,
ZIT. RIFELRERRIC, AmAEEE R, S eF OF T ASAICHE D &
BET UL, G)DMERBEEEBOELB L LTk E2H5 -

pp(a;e’) = c(sz)eXP[—ngz(Da —m) F~' (Da- ﬁl)} ©)

(&) AL ERTH D, T THY, oD KBRIHESEIEG) L (6)% —
DICFELDHDLZLEEZD L, MBEBDRBHORBOERNBRR D20, %
ZTIHRNZ LIZRAM <, EE —ARORICELDDHZ LIFAEETIESH LD
I, WL ES TRV EMRRIZ2>TLEY, RBLAEI 25,
TIEHEI LIZHRWD, V) OBRKFETEZ LBETHDH, 2 2 T,
BB RS LB T — 20— L LTMO S 2 L 2R_ETDH, 2
DEE, BlFEXNd=Ha+e D7 —% X7 ~ld ZEENLERI ST
BLbDOIZIEE L, S OITRBUTIIH LihE e ODRBLE E DOIHRIZADE T
WET D72 T, HARWNIERD v o TN Io Vsl TIRENT 4 5 2 L 23 RET
HD,
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On the amplitude ratio between primary microseisms
and secondary microseisms

# Kiwamu Nishida (ERI, UTokyo)

BiICoIc

WEDRBDOBIEBRIZIELRNSHON TV 2. BEIBEIBFRRTH 2
CCRBICEIIINTED, tOoREOBHEALREC(2DIIpERING. 108
td, primary microseisms (PM) ¥ 0Fidn 249 0.07 Hz 0458069 % BIRE & 35 D ik
BTH3. ZORRE»EBERROBHOLEAEKLFTIEL T35, LovelkD
ITANX — RayleighR DT A NX —HEREINTVEIELL, BEREYED
MBI LF 2BFRR »BRREIEEEZ SN T 3 (e.g. Hasselmann 1963,
Nishida et al. 2008). 22 B |4 secondary microseisms (SM) X 0 iE . BFRRD
be ) SE0EMEARK(0.15 Hz) &b D, BFRRD2RD IR R 2 BHEC (2
FE5LTWwdrEZLNTWv3 (Longuet-Higgins, 1953). ¥ B3 BKB LD
vertical single force TRIBET&. R L L TRayleighiRo e’ e L T2 F
PROENTV S,

AERTIE, *NWEnhoBREEE T, ERICHEBHIVBFRRICH L TRFIC
BT 200, FBRVIISEST 200158 L7z, REBOHIZIE, BFERRT -2
CESMICEELE T S Z ¥ 2B TH 5 (e.g Kedaratal. 2008). AFEEX T3 L H
@iz, PMESMaIRIGLEIZIEB L 72,

WA %

AT I BRI E0BA R, BFEI o3 an-AECEANTEE L /-,
BEIAEOEMNR L LTI, BBARSEMARMMICL > TEBAIN TV 5F-netd
ET®ERHEE, AEOE B K & L Tilithe New China Digital Seismograph
Network4 2 @ £ T&)5CixE M7z,

BRI L4096 Zr it H B L, MEOREEMHRUToe T A Y F IR L
SERANL 72, =Moo hE Idglobal CMTh £ 0 2 (Ekstrom et al. 2012) # AV BRAM L,
EHDHEIZFHERIRBOSELEMCOKRE I SHET LRI L., 3512, &
BRI FHERKEIBOKE SICHEEZREL, BAOVLG/ A X0REER Y

TV LTBTLOBRIALIZ. DOBLZEeI AV FZXIZRD—2ARY b
%5t8 L, NLNM (Peterson 1993) TREIL L 72, ¥ 0B RH®H Zr2/80 —2 X
I rNOFHEESBEL, BIZRTLIICX0BEEIHESTEL -

BERLRE

FretD#RIIEBL¥20BIZE-TVWB I A TEMNSE. ZNIZPMASE#
BORICH LTI ICEB L, SMAR2XRD T4 L TWwWaZraRmBLTEY, 2
NITIIREEINTVEIEBHRETNVEESH TH S, F7-PM, SMr b izHBLT
BAEBOBRERMLTVWEZ I RBTVWE., —HPEBARAEBOBRIL, £
NEBLDHERLTVSE. Zhid, () HERE,SEUNSATDICENTL B/
B, REB AT diffusivelzr o T3 Z Y, (i) HERIrLECEHATV S
72, IOEBoBRERBLEBERY LTEZoBEoBRBEI/IFEFHILIATY
2 RBLTVE. PMESMOIRIBLIE 1, MERTSE~DIGBE*EZ 3 LT
BBELRBDBOS VR LIDIBEL L HNEE,d LTV,

S BB EEINAF T 2N EH L TV F-net, the New China Digital Seismograph

Network (https://doi.org/10.7914/SN/ICYD T — & Z ¥ TIHE E L7z, ;LT
JEHL £
(a) Coastal station Number (b) Inland station Number

4

= 4 100

I 4

F o 5000

log,q((42)*)
|°gm<(A2)2>

0 0 0

0
3 4 0 1

0 1

4

2 3
log,{(41)°)

2‘
tog,{(41)*)

B. (a) Primary microseisms (0.05 to 0.1 Hz)® 8 FE FH IR 1B ((4,)?) ¥ secondary
microseisms ( 0.1 to 0.2 Hz) @ B8 FFHIRNE ((A,)*) R T 2HBEZEDH. F—net
Lt RTS8k £ T 852 Ek(2004-2010) D ARATAER. IRIB 1L Peterson @ New
Low Noise Model (NLNM) THREIL L T 2. (b) PEREIBOMBITER. BT
i= the New China Digital Seismograph Network (2004 to 2005) o ({4 LSA, HIA,
WMQ o EF&aEesksx A7z, &3 Nishida 2017 & h iR#:.
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Development of a mode-separation method based on

array-based analysis
#Hitoshi Matsuzawa, Kazunori Yoshizawa (Hokkaido Univ.)

1. [XC®HIZ

VAR O JR R R BLM O B i 12, ~ vV TFE—RREEEHWZNES T

—EICED B~ M3 GCE EREIE OE L NILAT b TVWD. b
DELTHE, 1BNETOHERG - BHKEBEO T 4T 40 7LD EFER-BH SMo
FENT (1RIE) 12X, 4~6IRFBEEEFTORKRE—ROIEFEREZFHL, L~
~< U MNVEBBBOMEEE T TS, LL, EAHS00 s M E M cixEm
BOREEE R0, BHEEDBET2ZENAREWICE LY. 2070 1AE

TIX R R T — R ONAHE 255 B B <G =2 J8 5 808 4803 & 8 RN BR &
% (e.g. Yoshizawa, 2014, PEPD). fFICT7 7 W DG E X, AT —RFOREE
D, BEIRE—RIZIE W2, AT — RT3 BN A 7 A 31 B G A S Clidre
<, FHAGR E N KR ELRDZEM RSN TV D, DT — R OAL A3 E O G

2, IR T VAWM DA TH D, RIFFETIL, TUAfRITIZHE DL
V/V%:E N 5% T 5 O A7 AH 3 FHIVE OB &, BT R 2 28 i (I AH ol — A
W H R I B 58 L PR B — ) I A BRI~ D AR TE AL, Luo et al., 2015, JGR) (T X
HE—RNER~DOSEEEDORAEETTD.
2. BWFE

ARFZE T, B — KR EORERT VA Z =8 B R 2175
B EUEZPDICEEZ L, (AR EE xR KA L TR DD, WEE
AT URAB I L — AW TEEED. ZOE — MDA M VIL, JE IR ES, AARE

Ee, BHEEEUOMEELLDZDT, BAEEEBIZc-UARIMV K EERTD. 22T,

JE BT D AR IVE — 7 & TRV R T 4V 2 a0 T, AT AR L
V—2%BETLH. Z0%, c-f Pl EOAXTIV AR T ey R, 4y Bl A
WETSH.

::f pﬁasz(p [T AT — R A Tp=1/c) TDATrNVEm(p, ), BEREEExD
B AR T DEIEOARI M Ed (x, ) ETDHE, f=f TR ORI LR (BRI
71\/'7?@)#5}6@40.

d(:El, fO) ei27rp1x1 ei27rp211 o ei27rp":rl pl fO
d(x27 fO) B ei27rp1z2 ei?wpzzz o ei?wpn:vz p2, fO
d<$m, fO) ei2ﬂ'plzm ez’2ﬂ'pzzm o i2ﬂpn1‘m pn, fO

ZOHEDDOm(p, HELT, TUAMRNTIZE > THEE - i H L7 — K43 0 4y Hk h 7
AR ERAWHZET, Bl S EOHR —~FE—RFNEBE2E T TES.

3. R

.&iPREM@I\7/X/\»«7\EJZ TOEREEEHWT, KFEEZISH LR

—HTHD5. KaIFFALZER (ES1T200kmEHE) EEN S OB EZRL,
é\ﬁiiﬁﬁézio-srkif@/Hvzu%~k‘@ibé\bﬁéfé\ﬁmﬂ\é((b)cim/
ADBEMLEOBI A TOAREETHD) . K()lE, KfEfrick-THLNT
NARBEE AR ML TH DN, EDOHITHHE IO T — KON E % 4y B¢
TWAZEN R THEND. ()X, (¢)DNLAHHERXT MU NOMRTE TR I
IV, TVABELOBHAICB T2 EARET—FLIREBRE—ROEET
HD. TANEORBEIZIVERBIREO#HERIIRETCHLN, E—REOMFHD
Fetl, E—RFMOMIHERIZ -0 LE T TEHIEnbNnD

(a) (b): BRUETL(N )
6000 km 4000 km 05

Py HE—8% oZOWMNW\/\MWi
[ -05

LR g e
-05
1000 1250 1500 1750 2000 2250 2500
(d): E— FOBERDETER

0.5
ETN U.O——V\A/\/VW‘—

1% 00 «/\/\/\N
-05

1000 1250 1500 1750 2000 2250 2500
Time [sec]

(X :(a) FREMTIZ T2 B A AL B & BRI A D = X M. 178 AT, 7L AT
DB D 600km D i FHIZ 13 75kmZE [ f@ CTHLE . (b) PREMIZXI 3577 DA
T . AR ~8RE—RETEHED LB E, EARE—RO L 1IREHKRE—
ROBOEFRIEIE. (¢) TVAENT TEHELNTZT7 7T O AHHE AT a7 Z A,
AT PREMIZKT 957 7 3 OALFHE 73 Bl . (d) (c)DARTha T Ahy
BB TR L EHREA OB H oL EAT—REIREKRET—ROHEIE.
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Observed seismic and infrasonic signals
around the Hakone volcano
-Discussion based on a finite-difference calculation-
#Shuhei WAKAMATU, Hironori KAWAKATA, Shiro HIRANO (Ritsumeikan Univ.)

FER LTI, 2015 &£ 4 A AL AILEENEINL, FICXKRABEARTE 7
A 1 BISERBERABAISN DT #2016, JpGU)AEE, KILTEEIAERELTL
fzo KILEDZRHRIG X ILEME) - I EORERBLRGEVDNTNDEE ZDNDT=5H,
TIRBAB LV ZOREGEOBITEEETH DR FAh-2000), AR TIE, R AT
2016 F 7 B 1 BIZRAELEZIRICEBL. IR AKIUTOZEIREGECOVTET-ERL
1=

FRMUICIFZEIRETLYD MBSO AN LEKBESNTND=H, KAFETIE 2015 4F
6 BEEANTELAOCE#HF-2015)DFEL bkm LINIZH D, KR TR RMEHE
PGB DEREL 7 yRTOMEFH (L TED)E 2 rATOZRIRET ORI FE k% 4TI
FEALE, KOLBARDMBERTIZRYT ., RETRKBRALIR CRIRAERIZE A
SnERERIZEBL. ZRWICHIEETEESKIZ 10Hz ONA/RR T E—EMT, EDLS%
ST ILHEIRET OB TERAISN TO A FEMICFA~ T,

R OMERHIBALZ, BB IURIRETOY 7 HILOBABESOE A A - K OO ERE
[ZDNWTE 1 I2FED=, TTHMEBEHIDOWTIE, ZIRAE RSN TODERB®IC, R
HELTHL RPN AR EICRMFESRFHEIT T/ L RO T F IV E ES
[CHRUIRLFEER CTE/=, LAl #IFRITIBERL THDHEYD b yATOMEET TIEID L5732
THIVIFRER TER Moz, — A TEIRFHIOWT, REFZ/ERIRADEHRER TH
& KOLDERIFERHIVEZ/TOANEVZEEHLLT(E 1), H OERIRFTTHDI
HBHLY. BEFZIFEOL T FILIE R &R EFE LB TRBRETH 1=,

FFIEINLDFERD, ZIRIGEICKDEDEMBIRAIBEENESNEMT D, HHRFES
NERBREECRFHMESTO/ILRRI T FILER THBE, ERFENBIZ10~11 FHe—

ETHY, B—DIRENENSEZELTWNSEDEHE RSN, LESANTNLDOE A RIEK
3.5km LABENTHLT ., P EHRELIZEEZDECDEREFRTES, 22T U0 F
LA KONSZERPERIFELCEBRETRELEEZTHD, T5HL BAISIIZE
FrE=lER R - KOERHIEHL, FLHRFEINE 2 4ATOMEBESTOHTEHAITN
TWBENSTEEHLFBLAL, ZI T, ZIRMEE T IR, KILEDOFEOEEE S
(FCiT, @RFtEEZ/ERIRTDV T FTILIZBHBIOZEVNNEEN D TIE RN
nEEZT=,
RIZZOESBHBNZENESINEZD
=8, AR TIE, EDEEANTHMEST
BHEIOCLTHRIBAUTORIRIEEDNDE _—

x;
BEstal, BERICL. BROEHHE $52 \
X% 2 RIBETESEL. RZYH—RH )y Y %

e (m)

SREAA
K/

FEAWTEIROGEEBOKRFETEL, £
L. B tIEROMERERNT
10m JVvRO#REERLEMAL=, #R \/
EDBRIFEEREL., R UNDIEFR(E
PML ZFHWTERGIERELZ, DL EDET
HIEDE BAKEORFTICEDEEIIC
DNTERT D,

1: KOFIDOH#K

AVARE =H:() =1

Yoo kO

EFELKBAER A, EFETZIREA
midbIZ 10mEEBEN TS

= 1 M1 ROBARDSKOAFTTORBEEFASN=TFILOFEED
=L, SR RICEZEIRETEFRESN TR

- . Hh B £t ZIRET D
ST TS Y e e

XRA |90 5kn %= ® Q

N #4km Hh & O

—J%  [%3kn T x =

HEARRTE. [KFICKYRGESN =B IREH. KILBAREOT —5 RRMHZ
MR RYRGSNE=T —%, BT ERETOBEBNEERSE TV,
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Simultaneous inversion of intrinsic and scattering
attenuation parameters incorporating multiple scattering

effect
#Masashi Ogiso (MRI)

- [ZC®HIC
REJE RS OHEE L, BRI S E 0L O OB fFARIET DL EHIT,
iR TS B S0 K (LVE B O BRAR IZH R E Bl A i3 — 05, MEE) T3 o880
SR THEBERIERERD, &8 B3 298 & XN ECR & HOEL
HOLMBEIC T HIENTED, MEH THOBLANL DL, N ITE
BEO R KMEICRELE 5 25— 07, BELBE LR E T O i KE & LB Ik R
IS A RIETZend, D200 BEA L THIETLHZLI1CLY, &5
B E E R TN ST oA AR S D, AU T, sHEERIRT
BA~OISHZSFEICES, R A ARZ R G E U REE 70 N IR &AL =
(BELRB) DRI HEE A2 BIE L T 5,
- FiE

Multiple Lapse Time Window Analysis (MLTWA, e.g. Hoshiba, 1993, JGR)
Z T H AR E O N & BUELICR O [F] FEHE 2 723 Carcolé and Sato (2010,
GINIZE > THREN TS A, MLTWA 138 25 b S e (B 2 0%, B A0 % —
R ECHLLEL TR, EDRE LM RO IR IS, filr,
Takeuchi (2016, JGR)IIHEE R B EE G2 -GG DL "0 —T%ET
naial—var Tt 52T LT, Takeuchi (2016)D FiEIX—Kk
WAL R E N B L VST R EZ T DM EN 7 TBIEWAT — /L O REIC
HWHTELLEEZLND, RIS TIX, EHFBELO R EZE W - ETHEIEXT A
— Z DRI E D # 5 IC Takeuchi (2016)D E R L ZfE 2L E LT, AHF
HTCIHEa—F oo _Xa—T OB T4 T4 T EITITD | W& RTA—Z D1
o PR B LR R AR F L TR L L A=V ar DAITHNTE KRR D &Y
2%, TRTCOWET —ZPOATINEER L IO BIZA L N =23 %179 DI

BLEMROT, KR TITOE OO RIRT LI E I EERE100km L N O £ £ 81 1
R~y _Xa—7%23HEL7eob | Bllll— Xn—7 L0 %% ART-type
Bayesian Reconstruction Method (Hirahara, 1998, PEPI)Z H W\ TR K& /N7
A—H T HILELT,
- FvhA—R—FTRXLOHER

AETFANZ0.4 | VRS ANZ20km D K& S O AR ) HE 2 W - BUELAR B -
blcHx, FoyI—R—RTANETole, Ty I —HR—RTANEITIEO B
ST E - DU E - JUM DT OHi-net@l Jl A &L #IFR I~ =F 2 —R33~4.5,
REIOkmLE THRAELILLOZ@E B H 5[\ 24622 VT, BT hbriIa
V—yarznTmr e =725 H LT, I G REEDORZ— R E
SHBEND = R DIZONTAAE =V I ARPBRICRY, o, IREF RO
NRE—= DOPIVEDYIEFBR TER)N o7, HIENSTA—Z DR REITEIC
BRI A EL CRERMEEREF OO | BLH AR TAE ITFATET 2B TIEE
UM L TCREE AN R ED 08 | BRI S0 28 FUX DA TR TIRMR A% B DM,

FEER OB+ 2720 1iE, A MEE K BRI T D S =%
NEX—DMIENRLETHD, 5%, ZUOOMIEFIEO G & | FEBLIHINE
ZHWTIIERELITO T ETHD,

#HEF
KRB D720 . BB HI-netDPTE 2 EH LE Lic, £/, KiFEz %
M3 DI 72 0 AR BN FEFTLRIE T v 77 LA OB Z % T £ L,

36° P 36’ — w— —
‘Ijte’pth_s.okm Depth = 5.0km ! ; 4_/_:.*‘:.!
35’ fy 35°
34° - penanmgiienpdyn 330 a0
Rl SRS O S 33"
- T
32 M - 32°
RIS :
31"y W d 31
—J T T
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100 300 500 700 900 1100 0.00 0.01 0.02 0.03 0.04
Intrinsic Q Scattering coef.

EEGRESkMD T ) YRIZEFBFvh— R—FTALDER (E: NERE
=, A BELRE
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Estimation of strain sensitivity of seismic velocity changes

using the Earth tide: Noise correlation analyses of small
seismic array data at l1zu-Oshima volcano

#Tomoya Takano, Takeshi Nishimura, Hisashi Nakahara (Tohoku
Univ.), Hideki Ueda, Eisuke Fujita (NIED)

Gl

=
B

AR, MEMEh O MHBIMENTIC X D, HLE S KILTEEN I 9 = s A (L o3
B & LT v B [e.g. Brenguier et al., 2008], HMEL{LOERD—> L L
T, HREHHFIC X 2 EALMET o5, HuE HHE 2 O E A KA E
BESnX, HBNOEAZZEN T2 LN TES., INFTHEL
(CDOEARBEZHEE T 272012, MEEIZ2H T, BEAIDO AT TH 2 HER
W X 2 B PROEE 2D R 5 LT B [Takano et al., 2014; Hillers
et al., 2015], T 6 DEITHIZETIE, KL ELW EEFEICRIEI N
HWEFH 7 LA 2 M, BHSATEICE T 2 HEZLOEREEL2HEEL T
2. LoLads, MM W z2HoTERAREZHEE L 2% 260

AT, PHEOEHEOKIEPEABE OB OZERI T L ITON TR,

Z 27T, AKX, MEHNT LA DPFREINLFEREIIE VT, M
Ry aMMHL CEEZCOEAREZHEE T 2. FEREICIE, Bkmif
WIS 6 7 2 E BN S 2 0, WEHIN7LAL THEoN
JAFTI e BAKIE & KNSR DOFERZHK T2 ENTE 3,

T—HEFE

B S BE A B iR 2 BT D HUEERH /N 7 L A CRlsk I N MEME 2 RAT T 5. /)
7L AGORENH200m T, THORMEMMET > 6% 2. 201494H 5 5
201544 H Fclcid S N2l o LT8R s 2 HH T 2. Bk Y
EAE, [IRTVWEMT 2 HBEERG (REMBHE) o4G&E» 5,
BaytapO8[Tamura ef al., 19911%Z > THET 5.

9, BMSINAMEERINCNLT, E—L 77— v EREHTE L
T, WHLORERHEE TS, T, MPICXk 3 EEZLOEEHNS
7D, W EAOIREEMD &, BRI Z 5 >0 R 2 EADRIZ T
3., 2N FNoRMI, BWEOBRE ZZIEOES I RL S, KT
BWT, 2-4HzoMME O H A HBIR% (CCF) 22 % v 732, H¥EDH
WOEABRDORIHDCCFIZA LT, AL EAREDKRIDOCCFD 7 E
PoMEELEZHET S, OB, CCFORBRKMD-6H2»56+6MFT%
fEtT 4 %.

BR

E—AL 73— v 7ick, MMEIO B EE TN 1km/sT, FICE X
DEPELTWBZ Enbhotz, Bon R EE X, FEREDHER
WBIZEDRDZ LAY —OMHEE LBEENTHo, 2D LELD, H#
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Imaging spatio-temporal changes of seismic scattering properties

associated with the the dike intrusion on 15 August 2015 at Sakurajima

volcano using cross-correlation functions of ambient seismic noise
#Takashi Hirose, Hisashi Nakahara, Takeshi Nishimura (Tohoku Univ.)

1. XU ®IC

WA, MR TR E, MBS oM A AHBIEIE (CCF) oAk (a
t—L v AZHL) 5 H T DY & KT 5 R SR O Rp 22 AL % i
M 2R fTbI T 5, #lZ1E, Obermannetal (2013a)ldL 2 =F v EIZE
W, BEKERT OB T RITAHE DO ER LRSI R S S AL 2 L %
WMELTEY, KR EOBEZ: 12 X > THIT O HE I B E 2 R AT I
RELZMT I ENEZSND, B - fih (2016, HIFRYER)TIE, KEICE
\} 52015598 H15H D ¥4 7 B AR 9 MR HLEL R I D R 22 B2 % — R
BLETVICE D EIN L 7. F7, B - fib (2017, JpGU) I, HUSZA B
Br (] 212, Hottaeral.,2016) IZXDHEEINTREHA 7 LRILYA X MY —
DA ZRE L, % HEEEL D B8 L CHUEE D BOLRHE D Rp 222 L &2 5 L
7o, AENE, BELEO P A X 8 ) — % EER IR SR o IR 222 b
DARX—= v %2 fT o BRI OWTHRET 5.
2. 7—% « ML

D BNICRE I N T WA RRTDO6E O A MHEFCalsk X AL - M)
FUEkD LT ENK Sy DCCFZ fEhTic v 5. fENTIIRIZ 20124 - 20154 D 34
ThH Y, FEWEERIZI-2HZzTH 5,
FJCCFDat—L v AZEHET 2, 201248 L20134ED24EF A v 7 L T
CCFZY77L> 2 (RCCF) &L, RCCFE¢1H4% A% v 7 L7-CCF (DCCF)
DTFAb—=L YR (Ab—=L Y 2D TER) Z5.12H0E X DEKHZE%2.56
BToToLAaNS I VA LT EICERT S, 7794 513+20.48% % C¢H
W3, ZLTC, BlbEEXNOHIcoTae— Ly ADYEYEE T 7Y A4 LD
ICEMEL e B s 92, kI, HELREALE CEYE, Bk, B
(G Ao RES) , IE GAKGREERT 2 HAOKRES) , fhif,

BELRBOZNR (Ag) D6ODIRF X —% THH#DF, ZHUuck->TH &k
ENLTab—L v ARLEBELE ZE L ERE D — 200 % v CHEERIICET
B2, mtric, FHIBEBSRNE %22 X BEEUED T —=5% 7)) v ¥
Y—FIc kD PET 2, FHIEREIE T a e — L v 2D BIIE £ EEEO RS
TEf1 & M) DR RN O FBIEE % 5§ 2 HBIR B D20 DI 6 42 1, FE 3
FEABIRED b L — A 7 A =72 6 PE L IEADMEZ AT, MHBEIRE
DIEEBEAMNITT S, BEED ST X =& 1200 TIE, (iEZ0.5kmE A,
X LIEZ0.5kmHZ &, JififiZz30°% A&, Ag#k0.0005km ZATEM S5,
BBEEA —FVOFHETI, B - (2017, JpGU) 128 WTHEE L 7%
BB 5 #ER gD fE (0.83km!) , WEHRED 87 X —% b (b=Qrlw) D
fii (0.1s1) ZHWw 3,
3. Hik

9, BRI BT A HBIRBOEHOEAZE Z 036 Z DA EHELARD 1
FIRA—F BHE L T2, FEECFENMOARTHE L - BEURIZE S - I§3E 12 5kmfg
EThh, HAZRKEL LTWLIZHES>TEE « IH0.5kmE o 251 70 BkmL ik
DHEEINB Z EDbhrot, ZHIE L — R 7h =726 80E L i) 72
HADOMEZ W TESR L 7 5HliR% % /NS T 2 8GR D 85 X — & % Befé iy
BAERE L, BARBEMO T 2HOTHER T2 8 25, AL HfE
W CHERE S 72 4 7 DEFFICH L 2 RO BELARDMEE S e, LR R X
(Z5kmAREE, IHIkmIEETH Y, AgDfElZ0.01km FRETH 7%, EARD
20154FAHD 6 THDOMTH 17 H Z L ICFRD BT 21T -7 £ 2 A, HAER
DTHI5H268HIAHDIIRIc BT, HAKEIZIZFF L N7 X =% 2 FFOHK
LR DMHEE S e,
4. ¥

MR Tk 2 TR IC B 1T 5201548 H 15 H D 4 7 B AICHE ) HugE
BB DR BL DA X — v P R FT> 72, Fakt—L v 2ADBIMIE L
RHRAE DB S AN Z THBIRE O EZE LT/ v Py —F 2fro7 & 2
25, FA 7EFICEELRDHEE S, S8, Tat—L Y AEOLEWEE
&L 22035 BER D 85 A — & OHEERROBEMEZ B LT FETDH 5.
BEE AT TIIBLE I 3B S 10T 2 KGRI ORI E ORI A B & 04

ElDOIRYF L RET W L TiTbh e NTHIEBEA RS EZHHIE T2 E&F L, &LT
EH N LT
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Statistical characteristics of seismic velocity changes
*Hisashi NAKAHARA (Tohoku Univ.)

IEUDIC HERE THNEICE S S T OB EEZ AR5, K- quﬂ
B S 24k (e.g. Wegler and Sens-Schoenfelder, 2007)<2k [LIFE K (2 5 28
{t(e.g. Brenguier et al., 2008) 3 H SN TW5D. 72, 2 b OHGLSO
<Y, FHZEk(e.g. Meier et al., 2010; Hirose et al., 2017)72 5‘75‘5% 5h
HT ENREINTWD., MIEREHEZbLOE=4 1 7 %17V, HIES KL
WERITHE D B 2R3 21203, ERIFOIRD BTN E MR L, £ OFEI72R %
BEFEANCHRITE ZENEETHS. £ I CTARIUZETIE, HERFUIEIC
DM SN EHE RO MBRHE L OT — & OB A~ 5 =
iz L.

T—X  AMFFETIE, Hobiger et al, (2012) & Hobiger et al. (2014)IZ 51D, 200844
TR R EE OO BRI I TR D S Ui UERGER FE AL DT — & A AE
L7z, BUALSIE2055C, A RF190ME OB S~ T 2% LT, 0.125-1HzD kB8
THUEEN THRERRNT 217\, SREARRET o Y VO y D o — iy 2 C AL v 7
T5 2 LT, BEMICHIEMEEZ LR Sz, KNUZiplE LT, ATFE
PN B 35 oD BRI S0 O ICEH-NRKH, OGCH-JYK X7 00.25-0.5Hz D 5 % 719
PV BRI E TH D0, AT v YV EFHE T DEIC10H o A &
XTI ITONTND. T—Z (2L, 200845 F =i e & 201 14EHEH
FAREPEMHIEILE S AT » TR T & 2O OBIEISE, S OICHERE
b EmAens.

SRR AT ANIFGE CIE -4 RF 0D MR ok P 25 L D e SR8 3 AT % i~ T T
W, SLbl-oTUIHBIZ L 5 AT v 7R EbaREL, PELR AT v 7254k
DAL B7220094E1 H 72 H20104F K £ TOAEM D HEERE] OF —X ZF)H L
7. T LT U 7BIC R VRO X 5 e T AR 7 v > N E{ERCL, FDHE
PRMEZ RS2 Z LI K0 T RGARIZHED D E D D EFH~ 7. ICEH-NRKH~7
T LR > TWDEHICH R A 203, HLEEIE LTIERE LTHERNT
HAH9. —F, OGCH-IYKT [IMN/2 ) W2 EMREZ RS, OBHILSE~<T T
LH U AR T Ty N ECOBEMMETELS, EEREOMERIEL IR T RS
> TWD EEL TH LN EEZ D,

EEHE=FV U ZIZMT T ZOMEEZT T, MOLIRE=FI TN

THETH D, Hilx1E, OGCH-JYR~T7 DA, AElDfE R & Wi o Mg I
HEELIE, F0.0056%, FEUERAZ0.029% D H 7 AGARIZHE D T &M ah
Sfc. ZOWE, BACHT AEEEHIERIZ L 5 £90.23% OE R T &I, PR
ﬁ@ﬂﬁﬁ%@ﬁ%Lfmﬁﬁﬁmfk%&ﬁmf T AHNHE Z T AR
DTENRBRTHD I EPHERNICRBLIND Z LD, bHAAMEIC
PED AT TR BEACIN T 7 AGHNZHE D REDE D DNIFEBIB D 72T DB
B CIIABHTHY, ZOMRENE ZETEREZ LONIISERFNEET S
B, Wl Eb I OX ) A OFEIZARETH D, Sk, ftho MO MR
W B OMEIZ OV T O 2D D TETHD.

HEE A AEFL RIS (ETH) OManuel Hobigerfdi 11213, HEERHEE LD
T w2t LT e S Te, BUER PR BB A SRR KB AE O BEEAR S
IR & Ao TR,
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Current status and future prospects of paleo seismic and
tsunami research - To increase persuasive power of long-
term earthquake prediction

#Yuichi Nishimura (Hokkaido Univ.)

W HBREBOERIEHEICE T2 - RIERTHDL. ZhxEIcHEsh
HHBEOWIRET VORI TR OFGNIL, BEARAMICZOEHROE THRES. &
ST, B, I hbbT =%, EHEENLODVBKREINDEIRETHD. ZNDFE
i LIS R A TUCH & K< b zh, His —E R TRESh -SRI
VRBE T 72 TR B7R . AR I 7 RSP Ve i M R seb I B R 25 B 4% (2012) 1%, HiUEE
MREFEBLOREOII2=T TR U TFREE D272 R 2 R o TBUR AR
WD I RN EZEOWNMIBITDaIa=r—a B EODDHIE | D2 BRI
BETHLHEREALT. 22T, ZO82H57-0 CREL, B#EMEOE O —RIEH
EEETH-0MNLED, FICHEREZ M RIZERLIZV.

FPERAEET D, @I E?JL“C X, EENRFEOMEEE X IZVIEM AL
70T HZEIX1960FEFUHE DO E % O A TS TW\We., £Di%, 19834F H
AW R 2T, WmEOHEHEREYM L IR EIE IS TOWDH I ENR
ST, ZLTI990F AT IIZE N A O & HC b R ORBF S A S 47z, 9 H]
O (1) BEIEBRZ IR T 50, (2) BRI T -5, (3) B OIE B
ThHHERBETEDLD, (A)EPOHESCHEBEREZEE TEH), ThHho7o. 1990
FARUTFE RN TE PR E HE 020044 A > REEHNE C (1) I3RS, (2)—(4) Of
%‘%EMSE’J WCHEATE. 7272, 201 1O A A RERBZITRUNE DD, Hl HEfE
MEKIZHEBORM FRIZITOIZENEHE DTONTDOTHLS. HEN RV IKT B
GeD, %ODHEH%H%&’)E)K ICREELC RMEZ TSNV, R KRB OB
W TR 5720 Iix k0N ERIC RS2 BRI AT T OEVIEBIS R E L 72T
137259, MR ORI Z BT 72 TUTabawy., aREtEo A MCiEie, ki

RSN EREND. g T CHIEHEREY 2R E T D28, KUK FE XD
FToLEELW. 2 Th, KILOME K JERELL E RS CH B R A i< 2 L3 £F
S, MFREEEICH DI RRETH, BTN~ ABRELIHRD S,

T, ZOISRFTCHEEEOH LT — X2 T 57201, HDHVIETTICHD
F—HDIZHEE RO DIZDIMN N E)N, ZZTIEEIRSS>OT 7V u—F, 7
EHIF TRV 1L, AXVPOFERIREDOERKE(THS. Ishizawa et al.
(Quaternary Geochronology, 41, 202-210, 2017) 1%, i, EiRAERE M 2T
VB 1% D ¢ 32 R AR AR A D < R IC R D B2 & T, HEREW O AR A )72
BEIKIRDONDZLE R LT, AXUVED ETFET TRIFEARUNE Z R AT
WEFTHZ LT, AXVMHIRIERT vy T RN e, =7y S A
IR ERDTZ bR T IENTES, BB &N EE OMEL 1D FIEE
N, HEFRAEBIREOERE THBEICIE, HOHFMICHEBENBAEL TWRWIELE
DR TUIRBRNWDO T, RLIIVEETHD.

WIZHTF T2V OR, FEEEROT —2X—2{LThs. TORE, HELHARIZ
BB AF - S 5720 O MCRGEN M E LD, EH T f Iz o R
FICHT = 7RO T AN TOND. AOMRAETRICEDLLINAY -~y 7 DIil7e
L7 —ALRILTEAY. B ADEENELWEHIESNIIE, TOF —Z DS HEMEIT
BED. FRIZDDDD, FRICEB NN RENIER DR TNDLT —ZIZON T,
HENET v TEELHFELEZ TV, 2, TG T57 —ZICBL T
AT 2o I SNDIEN A RERIIIRFIETHED DL RETHD.

3OHI, Bk (2)EHNI T - 550, LVIORMBIZIEZDZETHD. HHE
FEWI TP R AL IFOBRE TR S, ZNUDBEETRALHEZATICE-
TR CTHD. TR IE t O E I HERE W) O RIS, i HERE ) OB E K ED IR E
R, WK OE LA THEORIME20D 505, RFLHHEAHD. 201 14O FALE:
W THE MRS IIDEBNIIZEAE B FE > TRV, EERE RS H
%, BUE, 2HLIG AT CEFMIC, oS BREMKRET22605 2 C, BERAE
ERDIRLTWD. BRI, fE FEOBERSLHBICHLEZICL> TS,

WE ISR X, Rich T tich BB o RN ERSCBMEFEO S E
R TR RE FEOER Y, FFRLLTHED LN TWAZ LT -KEAHD. Fiz,
 HUER OJE BRI AR S B O I Y OIE R SR R Al S A2 E N TENR
X, HHUEBRITROBARICRY, R TRIOBG HbIBIcE<RD.
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Investigation of long-term evaluation technique of large
earthquakes with large uncertainties (2)
#Yasuhiro Yoshida (Meteorological College)

1. [FE®HIZ
17T BB RV TR ALZESN TWABE KME I, biiE =i

D KL% PO I HERE W & 75 L C D (Nanayama et al., 2003, Nature) .

FIo T DR HEE Y DA E NS, ZOXAT OHEITBE R ITHYIRLIE A
LTV L CELATREMEN RS T D (B 2 1ESawai et al., 2009, JGR) .LH»
L, 20T —Z3EMROPREREE TS, ERAEORYFHHICERYAND
TEOIIEAREFEEEEDOIICTEM T 20BN RERMEE > TETWNAD. KA
T, HHQOI6) THRETL =7 M FiEEEIC, BEFEROERSMELE DI
BOANTOLNICOWTHREA LR R R T 5.

2. AW-T—4aLBITFE

Sawai et al. (2009) 13552 A5 1 i 38 X OV BAR 1 CHREUS AU 7= 3 HE R 4 &
DHUCHEMRDD, AU MO AR 2 E56,000E/ETHVHTEL WD, 4
ENIZNHDOT =205, [FHEEOEmWERDbNSIEERZ,0006EM 0T — 2%
HOWTHIT 21T, BEMBIROT —ZIZOWTIESA XN, BB OT
— BT OWTHETA RSN G270 D . 70, Bl H O st S Ui
AR MITTHALC R AL B E RMEICRISLTOD.

W T — 2 I0"CE W TEMNEZIRET D TIEL, e RO E R
ORAXGEE Y, A X MEREZRE T H0xCal’2E D7 ar 7 AEEH T
X917 > CT& 7= (Ramsey, 1995). Z D J5 15 Tl F A HE T8 A1 O fife 2 75 5 B Sk
EHETDHILNTED. AT, AXUMNEEEROMREEEEEEEL
TR FIEIC W TE R AT o7, fHR FIEOME I FTO@EY THS.

(i) HEWEHERED O OHEE LA N AFEOFFEXME I, AU MEIZHAE
FOMREEBBOBERETS.

(ii) ECHERELI-EERBRBICEAS THELEE A ST, BEICA U RS ER
RINEAERLT 5.

(iii) BEIA RN ARE R I %2 HAT i LVEE W TBPT A D/ T A—Z 2 IR E
T5.

(iv) (i) E{i) DT BB RAZ#EY IR LTV, BPT A D /3T A— 504 X Mg A ]
FEOIESSEREIC OV AT 5.

3. HRLER

T XN % 2 A0 W J fe ONBE AT V8 OO HE il HEFE ) O HE E HEFRE AR B & BT
BPT/3 AR D/XT A= CEEI AR u LI 2ZDES o) DBESAZRT .
AR A BB IE3504E AT ICIESH DWW THEY, /S DTV 725004 M k&I Lt
REEDRVEL 2> TS, EHDEDELEVWERT a I 2N, FEFICKRE
IEEESTEY, a V1LV KRERMERHEESINTZHELZHHL. £, AR
Wa DB A% B Dl, 1 DD — &R Of B IZIT > T e WnZ ERnbh
D, ZHFARCVMEEFENRT — 2R REEFLONTNEIEE/RLTED, tho
HAT DARXEIPBIRE S TWAB AR ESZ R L TV ERNHDEEZD
5. FEE TCIIRAEMBOIL &R, SR IOXAT OB NI ET DHER
ElZoWnWThiEma1ro.
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On Appropriate Inference and Forecast of the BPT Model for
Japanese Paleoseismic Catalog
#Shunichi Nomura, Yosihiko Ogata (ISM)

1. FL®IC

WA A FEHEE AT (MUBAES) 12 X D BARICOA 9 DI W oA 138
EHLEDLNTEY, EMFHEOREYY) & L TEEEREOT — 213K E <
Eﬁéhfwé ¥R, BPT i FnBfEDIEH D& RT A—H a il b DD
WCHW S 4 > DIERTE OTEBIERET — 2 1I3BEE TITE DL MEIEES

TEY, TPz BEREMICET SN TV a DHEEIH 024 (I2OWTEDIE

FEMENESENTWD. 2T, ARETHE, BEMBEARTSEMFMCTA
FLTOWDWNEEERTEO L HIEE D & v 7 %omf EHDENRTRA—HF aD
Y 5 8 ZEINCHEE L2 BT, A X PHNC L A%0E LI S AR
DOl % 52 5.

2. RARXETNZEBZNRNTA—FHEL TFH
%5%%@K£H5%EERS~T$K%$Lkﬂ%%%$ﬁ@%ﬂ%S<n
<<, <TEBE, TOIEHMBEIEE w, Eo2o% (B8R « © BPT 4>
W) e ZRE LT EEZOREE Lsn(u, ol tr,..., t) EFT . EHRHEZ R
W, Z< OHEIREFEMIT | FRRICRE CE 9, HUEIRBNE L OHERIY O R
FERREICEDHREML D LOERIT 2 2 E N TE V. 2D X5 R ik
ERHERIEEN R L, ZOMEREERBEB wt,..., )X VKRB LIz X, W&
TR REEITIR D X 9 72 R 8 72 HEETR BV AR %#é%%ﬁ yTERIND.

T T
L (e ) = [+ [ Ly (0t [ 1,0, Wt e, el -l
N S
BT, NI A=H p, a \Z DUV THERE FEBIEL n(u, 0) % & DA ZHRH[5540 %
Hzlzbx, XA XEDEEX Lisn(r | w) =5 Lisn(u, | w) n(u, a)dudo & 3% S 3
LH. ZOELE, PRI T~ T+A 2B T 5 BB AfMRIZONT, RAD~A
AP L VEHET 5 Z LN TES.

T T
J.@ J-S _L L[SAT](Iu’a ‘ tp"'al,,)l//(lp'”a
F (A )= ;

72720, FroAlp, o)lZ/3T7 A —H% u,a NG 2 572 F T, RATEEERDS
T—t, TR R T O, FRRAFEMICH T O MERERETHD.

tYT(OVE._ (Al y,e)dt - dt dude

3. BARDEMEBAIZ 0 7 IZXHTHNNTA—FHEL THI

HBEA A EWFMHC TAR L TCOWANEEREL X u 705 b, bipl L
HEHNEEN & 1 ORTOTEB OTEENEAVHI LTV 5 71 OIGENX [ OTEEHE
EHRAWT, T A= u a0 ODHEER L OYF RO HBER AR OFAL %247 - 72.

BRZ, Eoo%X alct T2 REOENEX 1 IR LEZ. BARDOD ¥ v 7| 35E)
X Z & OIFBBIEN D722, X1 OFERR, FRENORED a DEEHEE
B a=033,0a=039 1% a ZE/NHE L TWDAREMER SV, —FH T, BHETRL
72 a DA ZEEGANL, BAHEEIZHE S /NGl 23 E U7, a=0.50 1%
IVEICEWVMEEEZEZ NS, ARETH, Iz —va iz il
TR EOTRNEE Z i L7 6, @72 PRIFEC OV TGERZIT D .
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[EB2&ENNTA-4 a
K1 E52& T XA—% oqlZxtd 5 HARDIEWIE D % v 7 OXJE. FER L AR
FRIE, TEEVRERICHEE KRN O —80 A0, HEEXRB O RE2 ENEIVRE L,
DTV ) el %i%im%kwfkb ZTNZEIN a=033,039 TR L2
L. BEIE, NT A2 u, a \ZIEERERIOAAEIE LT & 2D a OFEHR A
T%@,a(ﬁofﬁﬁkﬁé mﬁﬁiﬂaﬁﬂmﬁm@m 0.24 =K.
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Filtering of actual complex seismic rupture for prediction
#Kunihiko Shimazaki (Tokyo Univ.)

The Kumamoto earthquake of April 16, 2016 revealed actual complexities of
seismic rupturing such as parallel surface ruptures. It would be difficult to
foresee the details of complicated observed features. Thus filtering out
unnecessary characteristics and forming relatively simple model of the
rupture is needed for prediction of the rupture for various purposes, e.g.,
seismic damage mitigation. Various models have been proposed so far for this
purpose. Two important points are: necessary information should be well
predicted and necessary parameters are available prior to the earthquake
occurrence. The Kumamoto earthquake showed a problem of ‘recipe a’
(Earthquake Research Committee, 2017) for strong ground motion prediction:
Using the available parameters on the size of seismic rupture turns out to
underestimate the seismic moment. Available information on the fault size
prior to the earthquake occurrence fits to simple classical fault modeling.

2016 FFREARHR IXTEBEOEBRMIENEHECHLZLZMEIT R LT, HIED
ZEIBSARSLCGNSSBLANC LY | R B X OV EMMICFE LI Z DI, HiE
0 R A L OF TR 2 e BIRE T L MEBR SN TWS, 22 TIEET VL
DEWEETEX, TOICHELTTFRZITOGAOFEEREZIR D, g T&D
TRINEONDEEHIT, NITAX—HENFRIEETEAIENEETHD, £LT
—HlEL THEB TRV EOMBE SR T 5,

bOZTED —HAERZ CTHMALTHEEFIEZITTHL ALND, 4 B D REAR H
BOFI DI, BN FTIZEL TR A RIERPHBONLGEITIE, BREK-T
MUDIEMENRIGAENZ N, ZCTIEERET MICERLEY, BIRIZOWT
IO DI EFF L, v~/ =FT 2a—REKRR —DDET ML THHEEIZENT
&%, TUTHEHE CRIFEEBE S X BIEME N O OB/ S) 2L T, v/ =F=
—REBBEEHEEOBMBABHFONNIE, v/ =F 2 —RE Mo R R T O R
EENAE T TAZENTRELRD, BLOHUE R AU R AT IHED~

J=F a—RRHEE TET, TORBEE ~DO R Z D2 &5 7] 58 T KR
WAL,

FEBI O ET TR T 572012, BIREE EICHEE O M E B) 4 Bk 2 5% 07
D, BB E T AN T A — % — O ANCEI L THMIE L%, 2k
THEA IR ET AL ITOIL TRz, HERFREZE O VWDPLIL T ELZD —
OTHD, [FRBEETIHMBEOMEBET—AFO TN, LIE(T) TEAR =
TROODHDXDBZH LI, LI E (1) TIEREA975) O XN HWHILTWD, BE
AHEO BB THIZSOWT, FEFEQ2016)1FXL 28 (7)) i/ cho, L
() DOFTNREVBWZEERL, BIFF(Q016)1X1H H AICEZ W, BEEITEEIC
W E CIix, RO BERH L L ERM LT, HERAEZ B RI1T2016412
AIZLIEEZWETL, FORBELD TWD, BURENOLIE (T) & (A1) Ol FH
2D IO N E O DT LKA R A BEIT TIEL e (7)) O BB
LN HEHERZFE TRD TS,

E L HBRE (2016) 0L AXRSNTVWHREAMBED =50 (HE) BRET V&
BELEY, BMEIET ML O E 5720, GNSSELHNIZIE S, B E21334%
DOWrlg ., 31T4DOWr g 720 WT IUHGNSSESARB N IE -5, B E3D A
Wrigm ECTNDARBEELoTWD, WiEET WIZ1E3~EHHEICRD |
JE & (OF) X, 27, 35, 60km& ., WrfE mifig (0 Fn) 1£333, 416, 1200 (MY I~
JHEL) km?E REEIIMNT 5, YIRDOZLTHHN, HEET— A MT40 (HED),
51(2), 48(3)x10¥NmE— EDFFICIN F- TV D, LI Libikd 5L, B iE3
IFLE (7)) ELEELIILUE () LTI E IR > T D, LRI e, T AZ
—NHEAIHEAENEINTHD, WEIOWEEIX0EEY THIO N E K &%
LW, ZRL T E () MZY THDH, Ve (7)) Tld/NEi & 725,

TG JE (BE) O — S D £ CORREL, Sl E T THY , B CHIR
ROT, ZNEBRFEBIEDORILT 2L, ROIDHICBEDOKEET VOWEER L
FEFELNWZER DN, LYE (L) DEH7R, ELEnEE 2T e iR £ —
ACMEERNEYERLDIT, ZOIHRBMICLDEEZEZHND,

HhE Wr g & HH =T ER E 7T RE T R
19274 AL F1H 1% Hi = 35km Kanamori (1973) 33km
19304 b fF & Hi 7= 22km Abe (1978) 27km
19434 5 Hu Hh 55 33km Kanamori (1973) 30km

EHENCERNRECEIMBEREGHMBRET LOHBRED LR
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Coulomb stress change (ACFS) on inland faults

estimated from surface displacement observed by GNSS
Takuya Nishimura (DPRI, Kyoto University)

1. FU®IC

KEHNRE LIS CABOWBICEDSSBFEESZ DHETHDT 215
BEULT, 2—0VRAHZEIL (ACFS=t+u’ 0, T:BWISAH, oEKESAH, u’:
ERERFE) 1'HB. ACFS (F, REDHPROARMEDFRIRIRZRAT D2
DICBALSAVNSNTED, KWEHNKREULEE(E, BB - ARECKD
BB TD ACFS DStERLRNNTRINTULS.

ACFS DEtEIC(E, FIHREEPHEREDRITHNSERMBET L ZHTE
U, EREEBETILHSHEEREAIIEHEEANTORIIBRBAELLTVVIL (6
) &5TETD. FUT, WHELTVVILE, ZIFFERDIEEBIRDDIEA
B CEHUTACFS ZRODAEN—MITHD. —A, LH - S5(2005)P
KB - S18(2016)(F, #hFD GNSS SRR TRONIEEMNT —IH S5EZEACFS
ZRHDFEZIREL, 2003 FEPHIE® 2016 FREAMEDMER R OME
#DNACFS Z#Zst& LTz,

R7E, AEEMEORIATHE (tWERBMFRIEERIBICELD) [T, ESTHEBIC
BII2BEOHEREBREOT —YHBLSNTED, GNSSZH(C K> THAlEN
DIRTEDHRESN DT —F (FFHT(IC (FEZBLSNTULVRLY, KRIAK(E, GNSS T
— 9D SBEACFS Z5tE I 2 FEADBERIIZITL, HRZTEEARERCED L
TEMBF COMBERLEDEDEREZTHMI I 2BNET 3.

2. HRTAMIHS ACFS #5HETIHE

/M, &/, WELAZENTNX, vy, z#ABET D 3 RITT NIV NEZRTD
ISHEET VYV IV EEZ S, ERBEERAOEREORKBEOINDABICK LT
ACFS Z5t89278(CF, RABLTVYVILORILR 6 &% (o, 0, O,
0., 0, 0,) BDRETHS. GNSS Eﬁlﬂﬂ;ﬁb‘&%énfb\%iﬂ!iﬁfd)mﬁ%
%z_%i%é(at BBHXRETONSOY3aVN0ICBBZELD, 0, O, O,D
B0 DEAERD, 03 BAHBMEBOVTHE e, e, 6, &0, 5
PERIEEROEBRERR (TvIDEEl) NoROBZIENTED. D5, it
RACHWVWTIEHRERDHNS ACFS Z51EIT D ENTRETH D, LH\L, #h
E(IRBRIC(IHT TRET 2D T, HREMUDOHAHNSHTDOACFS Z5tET DI &

[FTERW,

ULHL, AEMEEZZZI5E(F 10km BEDRI(CHEFBINNELLEEZN
FRVLDT, MMHAAAFICHIFBDTIL—LEBAY T VT ICKBDRERDEEAD
FEDKLS(C, DBEHLHSHIBEMNIEBAAICEWVWTIE, HRMEDISHEZERE
= 10km DIESAZLEALNCEBRT C &, FB TSN HD. FI T,
AR TIEIEY, 2003 EHESPHIEE 2016 FEEAMEICDWT, MREMHS
StE U ACFS CETMERICKZERMBET ILZBLWTRS 10km TEHEL
7= ACFS Ot Z{To7. HREMH S ACFS #5189 BI55(E, GNSS £AlS
TOREIFZE[IHD S Shen et al.(1996)DAETHEEDIZFATOUVT HE1L 3 D
B U, BRBIVTHELD 3ENE, 0&EIRETD (FEOITHARE) LTE
BZEIo7c. ZOHER, ZHFOMBOENHIIBEDSZE(E, MREMHNSEHEL
7= ACFS [—ICRVWABZESE Z 2 Z Ehoh o7z, 2, ShEEBOBEI(L,
ACFS (¥, #ROVIHEIH SHROSNDZ 0, 0,, O, DACEKEFTDH
5THD. LHhUIEADEEDIZESI(E, fthd 3 EE"@—:%#J‘*HXTE’JL?(%O&D
MRZMHNSEHE U ACFS DE, EBRMBETILHNSHELEBDEKRELLE
R2HEeHH 1. T, EREBDEFEICHEWVTI(E, HEMEDSHZSETHRET
TFTILHSHESNDEMIBACFS NHEBIRI B EFTERL o, N3,
GNSS AR DERZE, 03T HDERECEBLLEDBDZERBLNTVWSRZ L,
R EFES 10km DACFS DENKEVWC EREDNRAE LTEIFSNS.

3. FHBICHIFZ:8BE 21 FRDACFS (BE)

GEONET hBExhi=
1996 & 4 BLIRFDOMEREN T
—Y%ZAWNT, REZOEEE -
EAFEDHRRARRULE D ERET
BICHIFBACFS #5t& L. .
TSR DRER - ER - INNDA
(FHEREZESR(2009)[C K w
DHD%=EAVE. 113,
w'=0.4 & UFZED 1996 & =
4 AHNS52017FE4 BXTODHAE
BARICH(FBACFS OEER s
BEtERRTHD. hMNTIEZ
< OSEWIBTACFS AEE o
2, PREERDRILTE s Es— |
DEWETIZACFS ([FB &5t e g en o oo w0 a0 e
BInr. 1 8% 21 FROBEEAOENECHSF2ACFS

fitpartotal16.pit
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Empirical Approach toward Probabilistic Forecast of
Large Earthquakes - Performance and Implications
#Masao Nakatani (ERI)

ININOEENBERSNTZERIC, TObt—TEOHMBTHNIZ, H 522/ E
BWRT, HHML EOHIENSZ i’ﬂiﬁ@QON TS THAN? ZNIZE DD
Bz FiEE, MEICIZNINOFEG N ETZEHEED T, MH]HfE T
MR N ERRICBEINE WV EEE T F)E2T X TBLILEEAI. Yk i DHES
DEESHNIE, MOKODOHIENRRT THRAET HMHERINQon (EBRIZIE, FEIE=R
DXMHEEN o7 R R T H. REFEHO TRRBRA J:Z)ﬂﬁ)a@ﬁﬁé?’?ﬁujk
COEEEBL WD T2 TG, EEMIIIEETHITHY, 12T
HMEAQonEQopr® —H L2 WEIF ThHD. £, HrtET LEVDLRAL DI
[CNINOFER OFETIIR, ZORELEGHEL THEL T, H1QI20
CIDOHDHLPHEZFFIIZITT, Zhvh, MiRRRRAITHS.

bbAHh, [ZNINOFES | Z2LICHENLELZL1TIHY, Hilxo K H 7Y
D RHFEFE AL —Ao(x), FE/HALREFZE)ICRTZ L THLILD R —AfEFQ(X)
JZUQONi?‘j(?S<7L£ THE, TOFEROBIET, R THORKELE TR

ARG T, M>6&2 R RICHERT 4G = Qon/Qo (IEFEIZIZAoN/A) DN A &
c:>1@&>5:375§%émm\5$%@m T, Qon, GELE 2—F 5. RERDOZ N
HUOMS<S. SO BB HE T, AEERRINEZFRITIT L2000, TRER
HI | THEOH T HIE TORBR A KR ICHAT CEXDIRAEIT R .

B, GiE, FRROIIICHE T ROLEMSERE THLN, FiL, THFELEEL
R G THFESND(Utsu,1982; Zechar and Jordan, 2008). Pl THOIEEAL |,
a“i,c:b% ENTETRARZEES > TODENE, GTIRIFREDZ LV - TEIWES

oL, AMAEEA~ORE2EZ D561, RT, Quu I EETHD.

7\0 (x) BILIRR FRIE RN, K< v 20HHOT, KeEHIL, ADR
M, TRLEELNOTICEL THEERI AV 2L b0 % Em T 5. KHE
DAITIEF N EZ DD, RTH/NSW T TRV QonZ H T IZIXIEF I Em VG
MET, ZAREREFOFEREBRAN X A>T (Jordan, 2011)E X<
Shhd. LiL, ZERICEOREOLON, EEANZMSEOEERLICIL, £

I FAC LA, HERAMELEOBRIZLA, EObDHEmILZE DR,

BUK, JEEIAIIZG DS @O O 13R85 RN X2 48 10 0 72 11 58 0 35 /i sk 1) (BT HE - 4%
W, 2016; Ogata and Katsura, 2012; Lippiellob, 2013)T, Ay (x)IZR L THH
BB FEDGETRT. 2 H, 2 Hkm TM>6DQond L CT10%EEIZH 2 DT E
BHY, NLEELTIEH02E®RIZA). 2o FikL, ZRME S O,
By e Mg & 72 L, B7pDseismicity D £V L EO KB FIHAL T a8, E
%, mEolzseismicity DREEL TRMENBZHMEEZETAS TRHAE 757517
ThH, KHEIHAEFTORFZEF OADB A D E G RIZ 52813 8<BY, FiE
TEWGDO THINTEZZLN, RHENWEIZHEXZH 725072 Y B A0 IR R
(EATERE)D EIEERIET 201 TR\, — 5T, 202 &, ETASEGRAIZ
MAEELETTYH, YOS A Z2bolm KHBED THINTEIHZEEREBLT
W5, 7JDJ||0)M>65 WX HETAS THIOMERENT, BEIZETASO A I MENFESL L
TWA/INHEIZK 35 Tl &[R4 72 8972 (Hardebeck, 2013).

BEEEIREL 70— SR T —INHLIOTIGARLNTEY, TN1-10 A
FETHEkmORIZH L TEMGEDOGEL D FHERNREINTND. LD, LW
BT — 2R EON-HIEOM>T7.8D 114 TIZT=8 14 Tﬁ'ﬁﬁb F IR D
MIETFE T %7+ % D45 & (Heki and Enomoto, 2015)i%, % & A 72 [ {8 F2 0
FIEERE TR CHEBENTHS. - ERFL TCIARICTHERH LD
I, fIZBEI W2 ERR . 72720, BEO RESIIKBGIFENC K> THZIZAD
HZREEOLOROT, M RITELS, /A XL — O M7 i BE RV ELTI0
BRI R(BE AR ORI E T L, 77— 7773 ar 3 10%E720, GIX10iZ
FTERW., EMICOTD /A XOREBIZIN T RWR, FHERD /A XD %L
BB O THBIA LI EL B EL T, ICHEICTIRIETHELEZEL T3
LBOMPRELTRENTZD, QonlT0.1%FEE IZ £H(RIZ~E Hkm).

IR P FELL TR, HERAF—VOMBIRGHOLFHELDHZLET
1000km, 1-SAEFEEE KL C3-10f5FEE DGE /R T T F 113 H 5 (Kossobokov,
2011; Shebalin, 2012). RTAKEWNNHQeA E L, M7LMS8IZH L T50%% 8 %
58972 QonERY, MR IIHVOS. £, REDOMH X I F TR (Ogata,
2001)TiX150km, 14 TG~10, M7IZX L T %D Qon H 5.

ztz%@éfi fHx DFEZOLOTHRENOREZFHE MDD, HEOFEGEN
R LUZH AT, TN THIIE, Z A OHNTERRSL L, REAME
AIEHIJLL;’%EI, 150km T Qon=6-26% (Ogata, 2017)E72>7=. F7=, MIL Tl
FELTH, TN FTET, A4 2mb T2 ERNRERTWS
(Shebalin, 2014). BN H THEIDD, FAo O OWERNEE TCWHIRETIZS
AV DIRNVERDOFENQoNICKEREZL IO T ILNHD.
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Increasing Testability — Expanding Possibilities
Some CSEP future developments
#Danijel Schorlemmer (GFZ), Naoshi Hirata (U Tokyo),
Fabrice Cotton (GFZ), Matt Gerstenberger (GNS),

Warner Marzocchi (INGV), Max Werner (U Bristol), Stefan Wiemer (ETH),
Thomas Jordan (USC), Thomas Beutin (GFZ), Dave Jackson (UCLA),
Kazuyoshi Nanjo (U Shizuoka), Yosi Ogata (ISM), David Rhoades (GNS),
Hiroshi Tsuruoka (U Tokyo), John Yu (USC), Jianciang Zhuang (ISM)

The Collaboratory for the Study of Earthquake Predictability (CSEP) has expanded
over the years to many different testing areas hosted at multiple testing centers.
Hundreds of earthquake forecast models have been submitted to CSEP and are
being tested. New testing metrics were developed and implemented and a lot of
progress was made to establish CSEP as an institution that cannot be ignored when
issuing earthquake forecasts. Its rigor and independence became the standard in

evaluating earthquake forecasts and in reporting on the results.

In the framework of the Testing activities of the Global Earthquake Model, one line
of expanding the capabilities of CSEP was developed at GFZ Potsdam. The group
there applied the mechanisms that CSEP introduced to earthquake forecast models
to the area of intensity prediction equations (IPEs) and ground-motion prediction
equations (GMPEs). First truly prospective test were carried out on IPEs for Italy
and also on GMPEs for Japan. This new set of tests helped CSEP move into the
hazard domain and increase the relevance of its results to the hazard community.
Finally, the group at GFZ Potsdam has also conducted the first prospective test of

the US national seismic hazard maps. Although these tests have been successful

and well-received, they have also shown the limitations of the CSEP approach.
Many aspects of seismic hazard or earthquake forecasting remain inherently

untestable if only the model forecasts are tested and not the model ingredients.

We propose to continue along the lines of the GFZ Potsdam developments and
create new areas of activity for CSEP, namely targeted experiments that cannot be
conducted with the current CSEP software system. As part of the EFEHR-EPOS
ground-shaking models service, we will introduce permanent testing of IPEs and
GMPEs to the testing center to establish strong performance records to be used in
hazard models. Further targeted experiments include the predictive power of b-
values, discrimination of foreshocks for short-term forecasting, as well as a deeper
look into precursory phenomena applying CSEP-style rigorous testing. We support
including testability in future hazard models or their components to move to better
testable seismic hazard models. Finally, to expand into the risk domain, we will test

exposure models against new and independent data.
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A prospect for the next generation of the CSEP project
# Yosihiko Ogata (ERI Univ. Tokyo, ISM)

Collaboratory for Study of Earthquake Predictability (CSEP) 7’7 ¥ = 7 NIAS4ET
K10 IS %, 0% —HAgIL, B - 220 - ~ 7 =F = — FiEic kg
DA FMEIREE T VOB AL L, TNHICESHERTE L, 3z
HZEiEot, HM—OMERETT AT TR B - P - ElleT v 07
YU TNRRIEET NI EODBBEOET NV EMRAG DR TR, AR ED
eRFIBOm EAR LA TNS 12,

B A CZEfE & RRZE AR R L CRMIIE 0 B ZEFICER L oo 5 5
EBEZTEY, AT vy 7 THEHMBEOKREX (w7 =F=2—FK) BT T
OHFEAZRZMNENSH D EFZ 2D, CSEPITEHE L TWDHIERDFAE DHE
RENET L Cld~ 7 =F 2 — RFIMRE TS AN S, T 7205tk i
L CIA U b fE®D Gutenberg-Richter (G-R) ANZHAD & | MSLIZFAET D Z & A1)
ET D, LOALBEMICZIALIZ2 EOBERTHMT X%, 9 GRAIO b E
ITHUERANE () IEKGFELTWD I EREZILND, S DI b EITHENE
ORI T 52 LN EZ NS, Bi#EIE—FY 7215 CSEP B A CTHREEF
THD, BECHLU T, 16N EKHE L b HEBIOWER IR ZE A SN
D OITH D B PR CSEP 1T —B V& RO T b IEO TRl Z & AT T LR
BN, DHIEBEOMBE S M) 7 A N TSR Z03 B S e,

v/ =F a— Rohiz GREIZBO RN B~ T =F =— NIZBET 5 Tl
DO BBELR AT 5, Hix 7 REBG 0722 E R & KRR O KIRBEMRIX
CSEP £ U TI3IE G-R USRI & L CERIbT 5 2 &N TE D, Bl 21X -
Zefle~ /' =F 2 — FOBIRICESBIETH T L2 U X4 Y ZHST G-R HE

ISATET IV & T 5 = L SRR BEEORR - 22/ « v 7 =F o — NHEIR
DLEEIIEDLEIC L AMEIETARETH S, 2D X 5 I A CSEP Dk
EHIM T A R TR BEEITEOLEIC LAY 22 52 Th 5,

BEH:

1) OgataY (2017) Seism. Res. Lett. 88 (4) 1117-1126.

2) OgataY (2017) Annu. Rev. Earth and Planet. Sci. 45, 497-527,

3) OgataY (2011) Earth, Planets Space, 63,217-229

4) Smyth C and Mori J (2011) Earth, Planets Space, 63, 231-238

5) Ogatay, Utsu T and Katsura K (1996) Geophys. J. Int., 127, 17-30.

6) OgataY and Katsura K (2014) J. Geophys. Res. 119 (11), 8457-8477.

7) Ogata Y, Katsura K, Falcone G, Nanjo KZ and Zhuang J (2013). Bull. Seismol. Soc.
Am., 103 (3), 1692-1708
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Mw8. 0 LI DHFEI= 64T L 1= E B B S IR L DB ch =
iz & LX)
Hit rate of precursory long-term seismic quiescence before shallow great
earthquakes with M«8.0 or larger in the world between 1990 and 2015
Kei Katsumata (Hokkaido Univ.)

1. PEZE

BERGE A K£2,2017)1F, 1990~2015 4125842 L7 68 km LA, Mw8.0
(Global CMT) LA EOHIEE 24 {HZFHA L, HEIEEIMRWGATICRAE L
72 5 &< 19 HT R TUTB W T, AEEANCHEITE) O R HFFRLN
fETWEZ EaR L. T72bb, el e/ s iiEicx LT, T4
KT 100% THD. WICHEE R 0IMPRTHD. AIFETIE, E
HWERILD EDOL BV DOFIG TAREREIZ OB S>T-OFHE LT,
2. BWAE

ISC OEJRA X a0 7 #HANT 1964 41 H 1 AL EHMBEOAEE T
WA LTERE 60 km LU, ERE~ 27 =F 22— F(mp)5.0 DL EOHIGE
HIRNT LT, 77 T AX —MUEL U714, 0.1 £ X 0.1 FE D 2SI 74 E X,
BT R OJE B O N E O IR 2 IR U R AN, FERIICER D &
IHIE EQ1 & EQeD AR dt (=te—t1) ZFE L. F7z, HEE
FNRT Y L EFRICHE D EE L, Shimazaki (1973) OXAHAWT N
Eodt OHEROMER P ZFHH L2, N=10 205 1 $FO0 L2205 dt
R, RIFIN CAEER 5 FELNICEARIER P BRI 556 %
ﬁmbt ZO/ERIL, FELomv PR EEKE,2017) s LT

DRI At OBMEZNANWAEZ THFREZRD D, B HFEHL Lo dt
%a@%%ﬁ#m@fﬁ#ékﬁmﬁé.%@Wmh@%ﬁmﬂﬁa%
T 5 LN O E DO ENERRBNICEENL b O AT E LT
(nofill) . & U CRME dt RT3 224 no/mi & EFR LT,

3. BHE
dt fF% 0.5 T OEZ THHPRAFHR L, MARMEEPITH LTI ry
FL7z (K1), TEIFEN 100% Th 72 19 FION, X1 O 12 FiloHiE
TEACHNTHI TR 1O ITE L TV DA, LSO 7 TR H=R 0.1
&Fﬂﬁkf ZhPL EIZIiFZe biehnotz. 19B0%ATE, kbEWV At
AT RPNEBIENICAFAET 20, LOICELRZWTHITIE, kbE
VA AVEFRIESMNC b BN, K1 AR D &, B X E MR P 23 103
~104LAFIZ/2 D &, BYPER 0.5~1.0 (272D Z LB gnd. REIFED
{t.% T prospective (2 THIT 53556, Bk on OEEHE L LU TIIHIZ AL
2310 FLL ] LT 0TI, MESRHER P 25 1030 F) &) HiE
LR RWEA D,

1.0: \—‘

Hit rate

. \g&\\
0.0 | I

—r T —T—rrr
1077 107 107> 1074 1073 1072 1071
Probability
1. BRMER P EHRR. IO 12 #iIFRITAF =R 1.0 (2L

1994Kurile, 95Chile, 2000NewlIreland, 01Peru, 04Sumatra, 05Nias,
06Kurile, 06Tonga, 09Tonga, 10Chile, 11Tohoku, 14Chile.
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Toward better understanding for diversity of unlocking of
source faults prior to major events
#Aitaro Kato (ERI)

BEICEELZAARAATIL—FMERTRELEZRHMEBEODIZE, REIC
RULAREFINELEL. HEEBOEBENBAIMICRHLINTNEILETE
TEHEFNZHIFESIN TS (e.g., Kato et al., 2012; Bouchon et al., 2013)
LAOLGA o, FIEFEORELCRIGEHELHZEATHY . BEDRIPNDIEE
EREDIYT ZFa—FOREILEOMICITHEBELGHEBIEIRONEN, £, X
MEOFRLFICHIENRELVGEELHY. KMMEOREBEIZRKICHT-
HTENHETHD,

2014F4R1BICFVEABADTL—FMERTMI2DMENKEL-, KE
RAEDOH2EMAIALERETII4BEOMITADMEFTEL ERGAIEE
BABBSH . AEOHIEMABES AN ERBHELR 5N (e.g., Kato
and Nakagawa, 2014), RIEAMICIE . BRRITHRE SN TLV-GNSSER AT
L3IV FERDODEFEORNINERITHBREHMNIEZ SN = (Ruiz et al,,
2014; Schurr et al., 2014) , £f=. NMEYRLIELREINTHY . EFDH
EEFICKDIRNEBYICMAT, PoKYBYDEBRELVI2DDHREMNEREFIC
ETL.IL—FBEROEFEHO—BAREREFICRLANIEEZILND,
BEIENEFICRHANEZEREIEEEOSVEREOWICKHIET 5, RENG
MEEFHCLDIE. AERLEDH270BRINLEFEDRANABHIGL. B R
[SHEATWZEEBHLAEL STz (Kato et al., 2016a) , LA L. EFDFI AN
NEIRMICELD-D. KMEREDUVBEZREETH TIEET S LIE
BOTH LEIEMGHEREFTAOREFTEVONRKTHS,

TLU—rERBOMEICRST . AEDZVMFBRAMEICS N TE, RIS
MEEOBENREREFICKHNAN TN EEZONDEBFLAERINTL
B, BAIX. 2016 FREAMEDRENCAED —ENBETIE. AIERLEE

DEBELICRSFIEKREFEMBHBYNEES TV IEARZIONATEY.,
ARICEDCADEFICMA TR 2KYITRYIZEY | KREMBE AN AH
FAETL. ARDRENMEESh-EEZ BN B (Kato et al., 2016b)

F 20 3FISIHEARBTHRELIM6IDMERERNIC(E. 2B FE D HE R
MEEBARON, IFDEFBHIAEREOK2BARIAGEHIBL. BF D
FEAARAEBRADOHIFREATIERELE-, BRFOEFHE. SAHICERT S
ELICHEFENERTLHEEHIC, FHHOLKRKLESNDS,

— A 2015F9A16BICFVFEADTL—MERTMBIDMENFEELT -,
04FMBEIHMBHIC. COMBOREFMCITNEB IS OUBREHOE
EDRREBEREDOERMICIER SN N 5Tz (Ruiz et al., 2016) . RED KBV 15
FEEFEERABVEGAIC—HLTEY ., REMGHMEBEEHZR THLE BER
DEVWEEEZZIMLLSICHEFBNABFIEST T LM S, BL.
NODMEBEFEIAEHRLEERICITERILEZRLTEST . GNSST—4H
HLFEAERDEZ DS NIFRERZ oA TULVEL,

EE2ODF)HMEBOKRBYEIE. FAIICHESNA TV EBEERDOELVE
BIT—HTHEVHBRFIHERTZELLOO, AERLEERDEEDFA
NAICERELGEENROND, COLIGEBDRIAINADERNELS A
AZRXLBEHT. SELRMEREDERBEOHAEBHZEEOTLELIC,
AMBEDREICESBREDSHIE-EHIEICETLIEMNERERDLL
NEHTEETHD. T-. MIB~NDORENEFBREZL., M- FWLCHEL
ZELEMEROEEERA®C. FMEREIT Y, THMBH -YUMLOMEMEE
MLGREDFEERELGERBREZBLTEEZIT LI EIRM L,

(&% ]

Kato, A., et al.. (2012), Science, 335, 705-708, doi:10.1126/science.1215141.
Bouchon, M., et al. (2013), Nat. Geosci., 6, 299-302, doi:10.1038/ngeo1770.
Kato, A., and S. Nakagawa (2014), Geophys. Res. Lett., 41, 5420-5427.
Ruiz, S., et al. (2014), Science, 345(6201), 1165-1169.

Schurr, B., et al. (2014), Nature, 512(7514), 299-302.

Kato, A., et al. (2016a), Scientific Reports, 6, 24792, doi:10.1038/srep24792.
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Monitoring of time-change of interplate coupling condition
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Experimental forecast of post-seismic deformation of
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Earthquake damage reduction with seismology and
earthquake engineering enhanced by computational science
#Tsuyoshi Ichimura (Earthquake Research Institute, Univ. of Tokyo)
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Quaternary tectonics in central Kyushu, Beppu-
Hayeyama Fault zone and Hinagu-Futagawa Fault zone
# Keiji Takemura (Kyoto Univ.), Members of Comprehensive
Research Project for the Beppu-Haneyama Fault zone
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B 8 T B Bk A FH N H R T PR VE R AT, MU R RO ER O AR - R AT, BN TE
Vﬂ@ﬂﬁﬁﬂﬂﬂﬁgk;(ﬁzomﬁ EARHE CEIIF RSN Ry RO

BIGENZ AT S TG AT, R AR IE T T LV OERR, ¥ E A T
TIVOVERR, TRERE EREE T T LV OREE, WEERoORE, BIRET LD

RS, MBI EZFERL, AESHABICIAMEIGEEL, HEBARTOERE
HEEMICES<CBIRET LB L OI-SHISO R EEE G 2R E LI EHHE &

ZHB LT, TORE, KO FEFICLTL, FilziclRB L EERgEET
/vwﬁﬁxsﬁu\ﬂﬁa%%& 9l KESHE CRELZERTT VO TN
J?%r@%%ifk%&b@f@ SN TRISNDERDINST.

IR A BN 7 1, 201644 H O REA R O R T & 2§ 5 L T
b\Z) _zh%@f%&&i BT oW EER LA METHLZLETHD. Z0H
ZiT, 1995@@@@%%4%*?& , EDHEREL - R AT O S i
ho %éﬂT%f_ﬁﬁ{EU/XTA'C&EKE%LKib@’(@j(%iﬁ’?f VA
—M)ﬂﬁ EThY, MIRENMPAECLIHBThH T, BUTE, Z<OMFIEAE
NHENTWDN, 20164EFENDIEE 7= REA M E B # o B L& Ok &,
B — 5 4 (L A A O R R A LB L2 3 s, JUN oA 22T 7k
SO RBEZDHIEITEERRETLHD.

SIAXHE: XBHFEAEFAER RBRZXZREZHRH (2017) 5 FF
— B FILEE®F (K5 \JZET—EER‘EBE&HEH%“B)( BTA2ERMGHRES
Bl FRi26-28FERRBE
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Recent Seismic Activity and Crustal Movement in the
Middle Kyushu

#Hiroshi Shimizu, Satoshi Matsumoto, Takeshi Matsushima, Koki
Aizawa (Kyushu Univ.), Shigeru Nakao (Kagoshima Univ.), Yusuke
Yamashita (Kyoto Univ.)

JUIZ 1T DN BFEH R 020 1 64F AE A IR 12 DU T ZALE T OB A ZE D Ak
FATTE D&, B -5 4 1L B g 4 oA I - B A& 8 4 & 2 2o Ju M s Ik oo
MG ), RIS NS, AR (0T 585 OREEEET 5.

[ =S &) ]

A, UM OMBERANTEATHIHEIL, KILUE TOEEZRE, &M Z5R
Wt~ 18 2275 8320, JUN R A R T 9 2 I (IR 7 & R o i K OV )\ AR ), BRI
5 VR AL~ B S JE UV I TREICTE R Th D, Z0HH X5l L I 5 A vE
BT, £ Z L2005 4R 45 [ VL 75 7 v M iR & 199748 B U2 55 U AL 75 0 M1 7R oD R AR
SENCTHDD, UMM ERIZ2016FREAR B LLAT G, B -7 4F 1L W7 Jg 15 o Ah
BB EABBERREICHh> TEFICHBIFEHNER THL. £, 20
PN S T UL, R ARAE R (1979) 12 K0 BIUNT - 25 J Mo v 5 23 $2 PE Sy, [R) My 7 &
continental rift valley £ 7252 HH5 (£ H, 1984;1985). Matsumoto et al.
(2016) 1%, JUINPIBED 3 HE (30km LA %) OB FIREEZITV, HERK A E
FRERTNTA=ZTHLDISOWREZ RO 7. DISOTREEIX, BIFF-J57 4 (LT
JEH T B WD T/NEVVE (7-10km) 2GS AL7Z08, REAAT T TIX1SkmARE L &
el RS, BT -5 R R IS o T R o B R A g (L %) o Ak
OB,

(AR~ RAON 2R3

TN D TR IS T DR EIS T8 1220 TiL, Matsumoto et al. (201512893
HHITND. ZHIUCEDE, UM I B W T AL ES B L, KPR K E
JEAE ST EERME IR VEZ R T 20D, EWEEETEIENELL
IV ThHDH. ZOLIRICNGOHF T, EWEEMTILEE OV s
2MERET D01 15Tk 2 W8 o & m - R THY, B -5 4 1Lk

BB WTIXIERE, B RAWRE I W I3 4, 6 B)IEE kLT
EWEEZEOBTNOT RONBENENBELLT WG ERD. 2V, 20164
REAMBEORIE - KB -REORBEHMELMAQAFMATHY, —HEOHEN Y%
HSE DI N5 ML TWDZEE/RL TV D,

T, AR O LT, UM F I E F A ERTIE BN E S @ W ERRF B THY,
20164F A8 A HE 1 X JL N PN BEFED Thackground o #1122 1 B 25 B & 1% 76 72 fE ik © %%
L 7=. Matsumoto et al. (2016) 1%, HIEEDOET—A T UV LG E TR KRS
NTFEBME O Tz RELY, TR I4ER TOOF AL —MNIK K TI0 /yr
ICETHZENHELNII R o7, ZHIEGNSSIZE > THEE SN TWD O ik
ERICA =X —Toh 5. BF-05 8 LW g oAm 1)1 - B =AW /1%, oIk
PEOFTHL —hORKEWVHIK AL E L TRY, WrEH ick i 205 ) B E e+
H9%ZT, EWMCHATHIHMBIZLIAIAER LB CTEXARNWILEEZRLTNS.
2016 REAR MR DO ARESLCHAE O RERAE - REIL, TOREOT AIHROKIDEH
TRALZIEND, EWMEOT AN KREREIRIIIE N E2 X252 ENTET, £
DEBIZIS NN BER LT REERHD.

[HERART L]

Aizawa et al. (2016)1%, 2016FERAMBOIE KRR E - FRMEITEHLIL
P& L O %, JNHIMT T — 2 &2a  SNA )V U TRIT L. 2O 3, #
EISENI KSR O E L, SRR @m LV TRAL TWDAZERA LI
S 72 197591 H @ Bl & AL 5 1 5E (Myma6.1), R4 3 0o K5y B &
(Myma6.4) D EIES A AR PR O B D ESALE L Tz, 2 s L i
1 ERIAOBFRIE, 82 oo PN fE R 5 A AT b v T B IR B 1E A 5T o fE 3
(e.g., Yoshimura et al., 2007; Ichihara et al., 2014) LRI THY, LRbiEE
76 HiL BB I A D AT REME 2NAR OIS WO L A T CE A FTREME A R L TV A,
(20164 REA HI 7R D FE R KT JE ]

2016 AEAR IR 1T KD — @ O HIERVE B T DT, 36 Ml 7 7 3 A i & Ml 5% Hi R
Wrig & DBIREZ B BT T 2720, @k ERIRIEEZITo7 (1L T, 2016) . %
OFER, BRAWEIZ O W TR AL PN R L 7z i S BRI 0 A 2 B B R IZ LS
L, EOWIBIN —RXEbBRBLZE -T2, —F, AH)IEETIIREDMR
WA TIZ 2RV, £, JiE R AR EO R IR (9 55 5 A A2E L TW
ZAR W)W E L B4 AW 8 O A AT Tk, BiE O 8 7 o rg TR o fi i
R0, AREO LA I -FE V6 E 17 00133 §0 1872 8 i 1SR T2 RS AR b,
EHIZINDUAMCHEE O H B IRELIEFICEME W EEEELZL T D ERH
BT T.
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Distribution and mode of active faults in Central Kyushu (Beppu—Haneyama
Fault Zone and Futagawa—Hinagu Fault Zone)
#Noboru Chida (Emeritus Prof. of Oita Univ.)

L5 L1
(2B DIE W D43 AT
ENEIRSIEIES
RO P FIER LT
L2 HNB, ZHUTIE
SRR RPN
SERFOTE R T
JFE PRI BT - A5 T
LN UNSPN-74
i A3 B4R
i Pk 2 PR —
RIE, 5176
DHEAMPEWTIE ~LHfE B BIF-HEILRESOE hERAEZ SR, 2005)
15,
FIBIRFE/N OIS ~, B EWE D725 IS4 5, ZAUTRSY
_ Maswanaman T _ S o, —REAHEEMRO ALMICHEGEL T A
% (B42) o ZAHUBIE RSO T~

o\ ;g o Oia
NSl AR DmREEALNAK AR
W 0 3 AR LEBCLY, 2O
P o SN Y AT At By ey AR R A N
B  AbND, RO—REAMEIER AU

iz DE DR BHBET ML EE 531
’ FNHINTWZRWD, KROEEIZHHT 5
M2 hERAINDMES A (FE1992)  TEETEHE, S8 8 5L 1 W& <o AR B fr

JEIXZ VB E L TIEE 3 DI5 W g O Rl REME DS K E W,

i )1 — B =AW 5 2 A i A5 g & (X3 /R LTz, 20164 REA HI R
%, EEUCTH BT OTE By CRAE L, Zhickpr BRI T
K41 REND (HE - #ERE, 2016) , 20 @24 T HIE R 8o O A/ Y
IZEDH DL E FNTWDAS, A7 B H DTG EN 2R TU\D, £ DTEHE)
DAETILTHDHIE, TERITHOBIVTWRW T EE LT NI E e LT &,
PNAIE R AT (o HUE W E S RSN DZ e, Koy—Re AR EROIEE )
R SRR OIEEN THY, UM tPEs O HITES AR I+ 5282 R LTV
Do

E - PRBRIE, Rk 29 A FE AT REIE e X oA I - B 43 A @ B Ak
R TREAS ) TR g% ), [RIFEE T\ AR T H R A 2B THY, bzl Ju
HE DTG T O 43 A LR RENDEE 2 D,

. i
3 mAJI-BEAWHBFOME 4 HmENKBEFEEIOMERDOEHRS
(hEFEEXER, 2013) (BT #hIBfz, 2016)

Xk

TH 5F(1992) : FrE#p L O 1 Wr g — LN 351 F 5 H de At 3 o0 55 DU f i
). i, 40 5, 39-51.

HEFHAE LR B 2 (2005) : B — 5 4= 1L W& O R, 73p.
HERFHAZ B2 (2013) A FH B 5« B 23 A W 55 O FEAl (—3BRT) .
66p.

[E] - H B2 (2016) < A 1 W 45 8 320 o> Jh 3% o 8 2405 A
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Paleoseismological investigation of the Beppu —
Haneyama Fault Zone beneath a land, bay bottom,
coastal areas in eastern Kyushu, Japan

# Toshimichi NAKANISHI, Keiji TAKEMURA (Kyoto Univ.), Hisanori
MATSUYAMA (Oyo Corp.), Wan HONG (KIGAM), Haruo KIMURA
(CRIEPI)

XEEFZEMNER 26~28 FEICHAELLZTAF-—FELUHRET (XD
TH-HARHRBRERI)ICET2EAMLGRAETRB IO—RELT, BIAF
BRMEXRSEFHICRETIHRINMBLERAKBOEZEEREICEAT S
THRBEZMET D, ChoDABHMBEIEHBHIENEATNSLEIC, EEH
ZRBITOMBARCTHTKUATVDT, FLUFRABEERTHEN
HLL,. Z0=86, BBEFEICEVWTR—IVIRAEZERLTEON-HTE
MAT7RBESTLE-. A7EEORICIE, £, SHBROEY, HEHE
=, RE BRAFOXEERNX, 88, GRAZEEL. £, hBEDMH
BREZTMIS-DICEE 44 HHOEELEOHEHRERETLE. &
I, HEBEMOHEREREHET H-OICEE 99 KHMOMHGERZTER
ExGEMEEREMER (KIGAM) E R ZHEMRICEVTAELR. &
#ZIZ, HH SR ERESSUCEAhAFOMBEEEEZAHRIET S
=01z, thh L — S IFEELZEHL. ChoDHEREHRAMICHERLTEE
DEFEHEY, FEMHR, FHEMREZTMLI:.

AMEFRRKEEHROARINNBRAIOER~FARMET 2 KOR—U>
JHRBEEZERTHERIC, TRODEID 2 AOBREAHEEMAHLL.
TR, ERASAIRERLT, BitAIl~WEHEY, EXHEH~REE
HEY, KA EEYEREL (XHBEFEAERER -THBREXE
RIBZHEFR, 2015;FF@ -4, 2015). ZOHF TERBHMRIZH VT 600
cal BP LIATICHE SN - CEREBMAREETT 3~4 m [THEELTWLS

CEERELT, ABHUBRISKEARN IS -E#HELI-. COBHIIC
XFEE 1596 FOBERE#MERICAMBICEVTERGHEENRESL
TW3. ZRLUBTIDEBARVIERETIREELTHRBRIZHEWT
1900 cal BP EHICHBEREDREZREL:. MARVEDNEICEHRIIEE
DEFHCLDLOLELE, RWBOESMFEE 1500 FREELLD. Eifth
ROBRINKBERALHEMBEEEORRTHARVYNLUKREBEOESTEIC
EOWT, 52mm/yriEEOFH ETEMEEFHTELS:.

KO TEHHBOMFAMBRADIZENT 8 KDKR—YVTREE 2 BED
L —4FFEEFEELT, LEALAIRL, TILETL—, TI470
Uk, FATIE, IRFaATY—, BKANRBEOHEBNERE L (XEFH
FEMERAER RHBREZREREBZHER, 2016). FAKEOIE T A
IZEBHFETILATL—U#EYO EEIZIE 400 cal BP BICHEIN-ES
10 cm ORERHAES-0.5~1.0 mITEHKEMICHTTS. CORBILHE
DOERBIZILESHEET, 800 cal BP HICHEINW-EBAD AT 5. 1=,
BEOLRAOEBOERZICABEMKE, HMEBOETALVILEDEE
(R TS, ChioZiRH#IZ 800~400 cal BP ORICHREMMNHY,
COEMEARVOBHIHERE 1596 FOBRERMEBICRETS. — 4,
BB DT ILAT7O NERBYO LEHICHT-51EFH-4~-8 m [ZHELVT 2000
~2200 cal BP DHEMFEEAEBEE2~4 mDEBLR—IVTHRELH
FL—4SEETHEIALE:. CORBOLEIHMBEZHRATI~4A mMEEES
ENHY, LEICHIBBOLREAOEROERILEHEDANETA L
YEEKDEZENKEN =, LI=HA>T, 2000 cal BP LIEIZAHHLTE 3
~4m DOLETFTEMFELSE-HHMENMETEDS. LLEFELEDHDHEMFRA
HEOHMEDEEMMEIEDELTE 1200 ERETHIEEZLNDS. K
SPHHREABREABICEVTHANBBEHAT, BKELFHORNZEERE
[CHETIRETHRYLILKEA 20 m, # 18000 FE R D it FE B £ K 1
BOLEEDN 47 m ETFTAMICHFRENEZEOTWVWSILERAMICLT, R
BOEYETELEEZE 2.6~2.7 mm/yr E#FELT=.

oD RZEAATHRESNTCELBREOHHMET —4ExttETHIE
THEBEBORZEM A HEHRL:.

BIRAXE XHHEZEMEHER - THMRERFREBEZHER (2015-
201 Al — R EILUHES (K2 TETH —HhmRHEST RS ICEITSESR
MR EES A FR26-28FEMERHREE. FF-th (2015)H#H, 36, 159-
171.
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Basement structure inferred from dense gravity survey
#Jun Nishijima, Takashi Zaizen, Yasuhiro Fujimitsu (Kyushu Univ.)

AW FE CIL ST R A S LD B — 75 4 1L B J8 45 12 35 1) 2 B AU 7 3 2 81 81
DO—BELT, WiBHBEOMMAEZBAMEL, B EDREZ KRS TNICEN
TEMLE, KA TIE, o My 72 BCG-3+HXTE N dHE2 AW TRa T
PWIZ I TR Gy BRAT ., & SRR AT, 8 IR R At 2l sR S U CE & S e L 7=, 8 A
TR OFEMEEEZ R T 2L ERSH D010 m~100 mFefE O &5 e
R CHLE L7z, & W8 SO EAE (REEE, BREE, 15 &) XGPS &5 45 & 56 Bl ft &
FIRLIEVT A EA DF2=T 407 (RTK) B RIS KR EZIT 72, B HEAEHE
X E R HE B S Lo CEE A E STV D K51 g B — %k % 51935
(979541.04mgal) i L 7=,

BRI E S E T — 2614 5 BEAT O 5 77 593 4 (PE AT U 5 A R
G ¥ — (%), 2013, Gravity research group in southwest Japan, 2001) &/
ZEFT0T RO T — 2t U CAFAH T (B8 m Al HER W i E . KU 7 M
E,ZV—T7HIE, 7 —7 —fE, M E) 21T W IEKR Lz, &) RF K% E
B3 % BE o0 4l 1E. %5 ¥ 13 Murata (1993) @ J7 {54 FIVT2450 kg/m* L ELTZ,

BoNTEHRERICIE, SRZ—7 Yy ML TWAWEIC L5 E ) ZE 0I1E)n
IR EEZ N LT REREOE N RENEENDTD | AT NHE
WK ETRO I UE G & T o7z, 2O/ R, Ko lirtiaic Koy @4
KML7=EEBEZONLEENRENDRONLZEC, HNE AR O SMEEHT S A
M I HEE S TV DIF NI B MO W B EE R WSS N RONDZE06,
CORBEMDE EFER BT AL, RBDO /AR ERET H /KRR
AT AN — (L ERE IR 7) 2 LT= (K1) o N R ARATANZITIF2OD RS
Bt i E (0mB L OR250m) (2 B TR LTI-b DD EE R -T2, B E R 13
2 M IR R S (/D 0N D ZHEAT ) & ARV (B > S8R ) (i B ) R
MDRELNTZ, MBEHOESENREIZOWTEREMIZ2E =272l F iz
LAV E N B MK 220 (F92mgal) | S5 LATE C Rl BR8N ER < Ao T
Do ZO TR IT R 3 8 B A3 7 A sk B S0 C R AR B H L ) BAPE THERe
PICAE I A 22 o TR R o TV AEEZ XKML TVWHHDEB 2D, — 7.

PO E ) BRI ONWTIRATR SR O EROVRFIETLHIIENE X
LD,

LR RN E R DL, KR R K OHE [ BT & o0 2 B 7 T 1 o
RS R (BERSET) AF T ETHEVTWB A, K43 O BRI TR =
WICHAL TWD, Fio, 2O @ BRI O R AN IR FE BT O NS EE 4 EY
RIRRTETIRE D RFE L RO, 0, & B2 5o A Ui vE 8T A i 12
HEHRENPROND, INOOEENREELZOIFEBIOR G RSN
BHREIIEEARSEVREZLAROVEOO (K1.2mgal) . A3 & TR
DAKE S BEICELL TS, FRICH Rl o 8 ) B O 2RI oW TE
AHIRNZHEE SN TV DA E O EEIEFIZEG2TWD, —FH ., K/l
ORI H I RONAE N BEZBREIZIEFHTHY, Koo A&
FA CREMEEN RS> TWDHIENB 2 HND, £z, 04 I O /N R
T, G, ERAMIT TR, EERE DRI > THIRICAMIZE L L>TW
Do IR, FREICOWTIX mBEHE —E L TR, AR O MR E > T
LIEHERBL TWDEB 2 BND, — 7 /IR Tk & R AR [ 127 & 52
R ZE B o A (BRI EF O B~ T mgalFR B (R 7% 25 B H
MRBND, ZOHIE CRICHEFE MR RD 0 B T ERIN TR LT, iR
WZOWNWTIEHAR =V 7T — NS EMEBREOK R ELO LB EIT VR E
TOBLENRHDLEEZLND,

30000

28000

26000

62000 64000

M1 EHEBRLAEGRER(HEFE2450keg/m’) , BiB A E (B4) (X3 FF
—BEIIHBHICET2EAMNEREBANORELR,

N 5
58000 HI00

——
56000
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The Futagawa fault zone extended to the Aso Caldera during the several ka: A clue
for fault growing speed
# Shinji Toda (Tohoku Univ.), Tomoaki Murakami (Fukken Gijyutsu), Yuichi Bando (Tohoku
Electric Power), Naoya Takahashi (Tohoku Univ.), Kazuma Matsuyama (Dia Consultants),
Keisuke Kamo (Oyo), Tsuyoshi Nakahara and Tomoyuki Takami (Kokusaikogyo)

FRR284E4 H 16 FIcF624: L 7l AEE (M7.3) i3, HIFEHT - FHIARIET - Z89R0T - PEIAT -
FEPIRERH I 200 ¢, ALERICIED 3 B S 30km D L HE W fE 38l 7= (Shirahama et al.,
2016; fEJIZ2, 2016) . Znoid, HEAWUE LAHNIBE IR > THIBIL, SR
2.5mOLRT AN 2o 2. — 5T, MEMIER O LR ISP MR L2 B D, AT
FZICHI 3 kK mbIERN TV 7o, ARGHHTIE, FIERANS - REGANGEIR T35 742 &icfk ) BrdgiE &
SR D Fa— Y EREEAN L, AT T A - NOWTETER &G 2 W@ L, HERWE
DFEEMFEC AR R E % 3w T 5.

1) ANT 7 BUE COFMAEA D RBENL : HEWIE 3% A L 7 7 KILTGREIY I HEH U 22
PR IIRAS & QRIS (NI - 32, 1985 ; 353, 2001) FIcfid 5. BIgEAREASE
T, #95.1ka o EEFRPREA E T O R 8aiE{birs 1T 10mBE o BEHiE A %2 Z 1) To
3. Flo, FERRBAGOED /NI Z B Ik ¢, 2FmcdiEicE@sd s 77 -
S INLYTH DI EPW S0, #I5.4kaD IEVAE DY AT E30miE SRR L T
BY, JIFTH 2 BEALEE 120.6 mm/4E & 7 B,

2) ANT 7 HNOMBWIEORR & RURBRMEEE © FIaf kLT, 927754870 Aso-1 Kk
A2 ~H 9 Ji4ERT D Aso-4 K % T4 MO EKREK E AL T 7D RINTE T
—J5C, AHIKIEE Z 0o O E RS S L, FWRERICoM6 T 28K (1

1575 411) S RIS (79 9 T 4ERT) OIGENCBHR L Tz L Aa o nTwe 3 (4137, 1978),
ERME KD 7 iR G- U 72 ) v 2RO W 30 B HIBE % W7 5 5 - 72 AT ik 3 s> (K
1 DFFEFR L) . ARIC Aso-4ME K IR 1A NI RE AL A3 © Ui ns ) £y b I b §5 L,
T AL I 3 % 3R 12 3km/9 5 fE=33mm/4F & 75 %, A FH s o0 S s Bh e 1 >
LT ERERSH TRV, KIC30004: LT 5 &, 1 BIOHIE WSR3 100m
RELZEIThs, —/5T, BiF - A o N—2 a VEFADSIZ, FEAHEOEFKE
EANT 7GR E CIEERICIER TS LT 2 R4\, £, ARIEe (2017) X
AV T 7 WALHEE o Bl T IR = 1 BRE A C AL HUE N B SR 2km o KR ek B R 2407
10cmPfEE, HHETNZEMHScmOMBRIE 2 MG L T2 (K1AFR2) | MUihaiidihEw
JEILHR G TH BRI 7 7 — L 7 v FARES S0 12kmiE TR D, ZOMICIZATHERTL D b
AR AT L WP KL, KK, AEROBEERICELN TS, 25 OIFETD
REAMEEDIANIC A M 2T 72 E LTH LENZETH A 9. ZD7®, Wi PICBEE ik
PWIERHED TR S LTV R W HTREYE S & 2RI EHIERAH F -CALHE M) O T W e i 5 Sk
BEENTw3LET2L, MBOREEEIZEE X Z190mm/4E &35 L i 2 523, Ko—HhE
ARG &0 ) HERSE EICPIgRA LT 7030 0 (KT 2) , HiL < RES 2 L Ok
DHERLZ-EAZ LD, MG LOWMOTHEE E A2 2L TE S, Z05A, HiliziEE
IR RO 2 2 LD S . F 7, SEIZHERARE  HIEEREEIE O LA LN D
BRI N COMETH 5. JEAKIHIR DL ISR OB EA R TV 2 & b EfFIC ANL
FIUE RS 0SS,

T HIVT S T HIVTS;
HRIR 1 rTR HERR 2 T8
’."\)7’7‘\4ﬁ0)§);,§;*.. Lo )Tk, ;\’
s S o )7
! EaomE A e
4
H RRAOR RO

‘@&\\\%&\@

.
. .
................

1. BIERA VT 7 NOWIE AN, FEERFICEET 2 2 >R (BEX)
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#ITERE AR K BB - /RS - ERAT1E (BEMED, MR8 & (hRBA%), &
B GORE, MILE= 8 IEHBE)

Offshore active-fault survey of Hinagu Fault based on high-
resolution multichannel seismic reflection profiling and
offshore borings.

#Shintaro Abe, Takashi Ogami, Masatoshi Yagi, Yukinobu Okamura
(AIST), Takushi Hosoya (CKC), Shigeyuki Suda (JGI), Kenjiro Mukaiyama
(KGE Co., Ltd.)

SR G TR 28 FREAME 2 K £ X I ARIRIERIEHAE ] o —8RE L
T, BEAWEEEER S OTEESRIELZ AT 2 BT, MaxRomEE Bk
e 2 HIARICRB T DM LER—V 7KL, TOELORBEICI T 5 @0 ERE
TNTF o ROV ERREEZEM L. REEICBWTE, BREAETOZED
R ERETD.

AFET oYz r MBI 2AEEET, BEFEO/RIBIZBT 5 E e~
NTFTF v ROV E RIS O AT RIS &, REARRE LA AR i
WEELE (K1), Z ok 2 e s wmose 4300
FEE IS T g RN E < 54 LT | A
WATERD 1 2 THAH7-8, 52H i s 3230
2T % Wi B & R O KR 4 R R
TR L TWA ZENHF SN 5.

WER—V Vv 7HEIZL T, 2
GS-TNK-1 T 20 m (& : GL
—28.68~ —48.68 m), GS-TNK-2
TIEK 25m (& : GL—30.19~—
55.19m) OHEFEW = 7 Ok & £ R
Lz (K2). HEw=71%, EI
ZHBRE LD O v Mg & FR
L, FNENZEKER Lk X0 E
oG, FREELENE LT B EaE
Eﬁ fcﬁ}i%@ ﬁs‘ EE%}S\ é hf:‘zﬁiﬁ‘l:‘?;%}‘g 130°12' 130°18' 130°24' 130°30' 130°36'

I\

32°24'

FALET

3218' g \g 32°18"
| NeE
32112

TR AHET

3212

KEM

11.0~13.0 m fHTiiE, BABEBOKLIKERSAAT 5. B ERFEFER
HE %23 L, GS-TNK-1 38X GS-TNK-2 (281 2 RIEFENRE L, £
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#Shigeyuki Suda, Shiro Ohkawa, Hidekuni Kikuchi, Shigeru Ino (JGI), DHIRET | T RIE 2 — MENTIZ LD W P H#EE S AT RE THY | 15 W E i & 12

Shintaro Abe, Takashi Ogami, Masatoshi Yagi, Yukinobu Okamura (AIST) RO TH IR FIETHDOI LN EIES LT,
ARG T, W AT -OH SRR R AR L FO THME T 5T ETH L.

402 ]

H 23 W7 T 40 4 5 8 T, A8 R - (201 1) %8 | 4% 2 2B IC o T I IR A
EREUT-MEIRIE W R A N 72 S TE T2, 2016 4RI A LT REA H B DL
X, FEICERLE 28 FEDOIRBICLHMERIEW EHAED —EREL T, EA
— VTR ARERBPEICEATEBEFH I RS D Db D, ZNDE I EL | AWk
2B, ﬂffc'/\ﬁ@ﬁ'é:/km:fﬂ SR FEML7-, A TIL, 2O EEHA A
FERIZOWVWTIRRD,

2. T—FHE

T LR TR T 2017 4 2 HIZFEML, 5m MEIC 16 AR a7 50
EEIE LT — 7 V4R %E 10m MR TERMLZRNS, bm EIZ7 —~—ERO %
WBETW, T —XE2ME L7, AE=Y 73, 1km X 2km (2km?) TH D,

3. T—XE

F—41% 3KHz %#B 258 %Ak

DEALTWD, £l KFETH MOy
fREE (B A X)X, 2.5m X 5m &
Fib T\, 2D XD 7@ A fiREE I
72D ETHY SO IR D AN R EL R
L1280, b0 R EBEBICVR
Do, BEEHB~AT L —2aE2TO
ALER % S L7z,

2 A7 —TariE R B

S MERUR A (201 1): A7 F )1« B 23 A W7 g 7 g 30 i 2 B 1 2 i 4y iR BE ~ /L
T T v R EWREE, G- ﬁﬂﬁ S &, No. 11, p.273 294, 2011




S22—09
2016 FREARMERIZRDILNIFEIL2

H#IMAR (AK-EB) - ILTHE (RRBXH) -hxEx (Bie) - BEIRE
KCRRBEH) -BHE— (RRMED) -REREA (RKHLB) 2016
FRAMESRMERMNITIL—T

Change in stress condition around the 2016 Kumamoto
earthquake (2)

#Satoshi Matsumoto (Kyushu Univ.), Yusuke Yamashita (Kyoto Univ.),
Manami Nakamoto (Inst. Polar Res.), Masahiro Miyazaki (Kyoto Univ.),

Shin-ichi Sakai (Univ. Tokyo), Yoshihisa lio (Kyoto Univ.), Group for
urgent joint seismic observation of the 2016 Kumamoto earthquake
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The Background attenuation structure and strong scattering
around the area of the 2016 Kumamoto earthquake avtivity.

#Megumi Kamizono (Kyushu Univ.), Satoshi Matsumoto (SEVO,
Kyushu Univ.), Yusuke Yamashita (DPRI, Kyoto Univ.), Manami
Nakamoto (NIPR), Masahiro Miyazaki (DPRI, Kyoto Univ.), Shin-ichi
Sakai (ERI, Univ. Tokyo), Yoshihisa Iio (DPRI, Kyoto Univ.), Group for

urgent joint seismic observation of the 2016 Kumamoto earthquake
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Seismic velocity structure along Futagawa-Hinagu
Fault zone.
#Azusa Shito, Satoshi Matsumoto, Hiroshi Shimizu (SEVO,
Kyushu Univ.), and Group for urgent joint seismic
observation of the 2016 Kumamoto earthquake
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Aizawa K., et al., Seismicity controlled by resistivity structure:
the 2016 Kumamoto earthquakes, Kyushu Island, Japan, Earth,
Planets, and Space, 2016, DOI 10.1186/s40623-016-0590-2.

Shito A., Matsumoto S., Shimizu H., Ohkura T., Takahashi H.,
Sakai S., Okada T., Miyamachi H., Kosuga M., Maeda Y., Yoshimi
M., Asano Y., and Okubo M., Seismic velocity structure in the
source region 1 of the 2016 Kumamoto earthquake sequence,
Japan, Geophys. Res. Lett., in press.

33.0°N

1305°E

HOSE

=1 PRREES

1310°E



S22—12
2016 Mw7.0 REASHIRE : HiGk D ZEBEFRDNVORKEE

Zhi Wang(CAS)- #FZE B X(JAMSTEC)- EJIIH 2 (EHLH) - EX)IE
(RIEX)-BRHEF (RXHEH) -Dongxu Chen(CAS)

The 2016 Mw7.0 Kumamoto earthquake, Japan, a rupture along

the boundary of crustal porosity

Zhi Wang (CAS), #Yoshio Fukao (JAMSTEC), Ayumu Miyakawa (AIST),
Akira Hasegawa (Tohoku Univ), Yasuko Takei (ERI), Dongxu Chen (CAS)
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Velocity Structure Contributed to the Rupture Termination

of the 2016 Kumamoto Earthquake
#Yasuhira Aoyagi, Haruo Kimura, and Kazuo Mizoguchi (CRIEPI)
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Observation of post—seismic deformation of 2016 Kumamoto Eq. by GNSS 2

#Shigeru Nakao (Kagoshima Univ.), Takeshi Matsushima (Kyushu Univ.), Takao
Tabei (Kochi Univ), Tadashi Yamashina(Kochi Univ.), Takahiro Ohkura(Kyoto
Univ.), Takuya NISHIMURA, Takuo Shibutani, Masahiro Teraishi (DPRI), Takeo
Ito, Takeshi Sagiya, Kenjiro Matsuhiro(Nagoya Univ.), Teruyuki Kato,

Jun’ ichi Fukuda, Atsushi Watanabe (ERI), Satoshi Miura, Yusaku Ohta,
Tomotsugu Demachi (Tohoku Univ.), Hiroaki Takahashi, Mako Ohzono,
Teruhiro Yamaguchi, Kazumi Okada (Hokkaido Univ.)
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Estimation of Underground Velocity Structure using
Seismic Records obtained Seismic Reflection Survey
Lines

#Tomotaka Ilwata(DPRI, Kyoto UNiv.), Hiroshi Shimizu (Kyushu
Univ.), Shigeru Okamoto, Yasuhiko Akinaga and Masaki Suehiro
(Hanshin consultants Co., Ltd.)
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Site Amplification at Strong Motion Stations in Kumamoto

Prefecture, Japan, based on Spectral Inversion Technique

#Kazuhiro Somei (GRI), Kimiyuki Asano, Tomotaka lwata (DPRI,
Kyoto Univ.), Ken Miyakoshi, Kunikazu Yoshida (GRI), Masayuki
Yoshimi (AIST)
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Source Modeling of the Beppu-Haneyama Fault Zone for
Strong Motion Simulation

#Masayuki Yoshimi (AIST), Hiroe Miyake (Univ. Tokyo), Ryosuke
Ando (Univ. Tokyo), Kazutoshi Imanishi(AIST), and Keiji Takemura
(Kyoto Univ.)
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Earthquake Stress Drop and Ground Motion Variability in
the Kyushu Region

#Hiroe Miyake (The University of Tokyo, Japan), Adrien Oth
(European Center for Geodynamics and Seismology, Luxembourg),
and Dino Bindi (GFZ Potsdam, Germany)

One of the key parameters for earthquake source physics is
stress drop since it can be directly linked to the spectral level of
ground motion. Stress drop estimates from moment-corner
frequency analysis have been shown to be extremely variable,
and this to a much larger degree than expected from the
between-event ground motion variability. This discrepancy raises
the question whether classically determined stress drop variability
is too large, which would have significant consequences for
seismic hazard analysis. We use a large high-quality dataset from
Japan with well-studied stress drop data to address this issue.
Non-parametric and parametric reference ground motion models
are derived and the relation of between-event residuals for JMA
equivalent seismic intensity and peak ground acceleration with
stress drop is analyzed for crustal earthquakes. We find a clear
correlation of the between-event residuals with stress drops
estimates; however, while the island of Kyushu is characterized
by substantially larger stress drops than Honshu, the between-
event residuals do not reflect this observation, leading to the
appearance of two event families with different stress drops levels
yet similar range of between-event residuals. Both the within-
family and between-family stress drop variations are larger than
expected from the ground motion between-event variability. A
systematic common analysis of these parameters holds the

potential to provide important constraints on the relative
robustness of different groups of data in the different parameter
spaces and to improve our understanding on how much of the
observed source parameter variability is likely to be true source
physics variability.

Significant variation of stress drop is a crucial issue for ground
motion prediction equations and probabilistic seismic hazard
assessment, since only a few ground motion prediction equations
take into account stress drop. In addition to average and sigma
studies of stress drop and ground motion prediction equations
(e.g., Cotton et al., 2013; Baltay and Hanks, 2014), we explore 1-
to-1 relationship for each earthquake between stress drop and
between-event residual of a ground motion prediction equation.
We used the stress drop dataset of Oth (2013) for Japanese
crustal earthquakes ranging 0.1 to 100 MPa and K-NET/KiK-net
ground motion dataset against for several ground motion
prediction equations with volcanic front treatment. Between-event
residuals for ground accelerations and velocities are generally
coincident with stress drop, as investigated by seismic intensity
measures of Oth et al. (2017). Moreover, we found faster
attenuation of ground acceleration and velocities for large stress
drop events for the similar fault distance range and focal depth. It
may suggest an alternative parameterization of stress drop to
control attenuation distance rate for ground motion prediction
equations. We also investigate 1-to-1 relationship and sigma for
regional/national-scale stress drop variation and current ground
motion equations in Japan.

Reference: Oth, A., H. Miyake, and D. Bindi (2017). On the
relation of earthquake stress drop and ground motion variability,
J. Geophys. Res. Solid Earth, 122, doi:10.1002/2017JB014026.
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Dynamic rupture simulation: Validation and application for

the Beppu-Haneyama fault zone
#Ryosuke Ando (Univ. Tokyo), Kazutoshi Imanishi (AIST), Hiroe

Miyake (ERI), Masayuki Yoshimi (AIST), Shinichi Matsushima (Univ.

Kyoto)

Dynamic rupture simulation is a forward modeling method that considers the
stress boundary conditions and solve temporal evolutions from given initial
conditions based on the fracture mechanics. In order to apply the dynamic
rupture simulations to hazard analyses such as strong motion predictions, it is
important to validate the method concerning the reproducibility of actual
large earthquake events. In this talk we discuss the reproducibility of the
2016 Kumamoto earthquake together with the relevant observations, and the
application of the method to possible events on the Beppu-Haneyama fault
zone.
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The Effect of the Fault Geometry of Source Model of the
Beppu-Haneyama Fault Zone to the Estimated Strong
Motion

#Shinichi Matsushima (DPRI, KU), Masayuki Yoshimi (AIST),
Haruhiko Suzuki (OYO), Ryosuke Ando (EPS, UTokyo), Hiroe
Miyake (l1l, UTokyo)

As part of the comprehensive research on the Beppu-Haneyama Fault,
Matsushima et al. (2017) estimated the strong motion considering the fault
parameters based on the parameters that were derived from the dynamic
rupture simulation on the fault zone (Ando et al., 2017). In this study, the
effect of the fault geometry of source model to the estimated strong motion is
evaluated in order to understand the uncertainty of the estimation.
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Near-fault ground motion characteristics and Building
Damage on the 2016 Kumamoto Earthquake

~ (Part1) Replication of Strong Ground Motion at Mashiki
town and Nishihara village ~
# Shinya Tanaka (TEPSCO), Kazuhito Hikima (TEPCO), Junpei
Kaneda, Yoshiaki Hisada (Kogakuin Univ.)
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Near-fault ground motion characteristics and Building
Damage on the 2016 Kumamoto Earthquake (Part2)
Replication of Strong Ground Motion at Shimojin village
#Junpei Kaneda, Yoshiaki Hisada (Kogakuin Univ.), Shinya Tanaka
(TEPSCO)
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Estimation of strong ground motion in Mashiki town for
2016 Kumamoto earthquake - Part1 2D Ground motion

simulation -
#Hidenori Kawabe, Kenta Komatsu (Osaka Univ.)
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A Study on Near-fault Strong Ground Motions
during the 2016 Kumamoto Earthquakes

#Toru Ishii (Shimizu Corporation)
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A Comparison of Site Amplification Factors at Mashiki with
other stations near source regions of M7 class devastating

earthquakes
#Kentaro Motoki and Kenichi Kato(KRC)
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Distribution of building damage near the surface
deformation associated with the Kumamoto earthquake
#Hiroyuki Fujiwara, Naoichi Monma, Hiromitsu Nakamura, Takuma
Saeki, Syohei Naito (NIED)
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Analysis on Death Toll each Site Affected by a Series of
Shocks in the Kumamoto Earthquake of 2016
#Tadayoshi Nakashima, Shigeyuki Okada, Akane Shinoda
(Hokkaido Univ.), Nobuhisa Matta (Okayama Univ.)
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Trial experiments of the seismic damage extraction of

buildings with machine learning methods
#Shohei Naito, Hiromitsu Nakamura, and Hiroyuki Fujiwara(NIED)
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Strong motion simulation of the main shock of the 2016
Kumamoto earthquake considering near and intermediate
field terms

#Yosuke Nagasaka, Atsushi Nozu (PARI)
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A Primary Study for Non-linear Site Responses
Observed under the 2016 Central Tottori Earthquake

# Takao KAGAWA, Tatsuya NOGUCHI, Kazu YOSHIMI and
Shohei YOSHIDA(Tottori Univ., Graduate School of Engineering)
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Trial of estimation of strong ground motion in Yangon City
by using the estimated subsurface velocity structure
#Hayato Matsushita (GSE, KU), Shinichi Matsushima (DPRI, KU)
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A Bayesian-based novel methodology to generate reliable site
response mapping sensitive to data uncertainties
#Anirban Chakraborty, Hiroyuki Goto (DPRI, Kyoto Univ.)

The 2011 off the Pacific coast of Tohoku earthquake caused severe damage in many
areas further inside the mainland because of site-amplification. Furukawa district in
Miyagi Prefecture, Japan recorded significant spatial differences in ground motion
even at sub-kilometer scales (Goto and Morikawa,2012). The site responses in the
damage zone far exceeded the levels in the hazard maps. A reason why the mismatch
occurred is that mapping follow only the mean value at the measurement locations
with no regard to the data uncertainties and thus are not always reliable. Our research
objective is to develop a methodology to incorporate data uncertainties in mapping
and propose a reliable map.

The methodology is based on a hierarchical Bayesian modeling of
normally-distributed site responses in space where the mean (u), site-specific
variance (o°) and between-sites variance(s®) parameters are treated as unknowns
with a prior distribution. The observation data is artificially created site responses
with varying means and variances for 150 seismic events across 50 locations in
one-dimensional space. Spatially auto-correlated random effects were added to the
mean (u) using a conditionally autoregressive (CAR) prior (Oliveira,2012). The
inferences on the unknown parameters are done using Markov Chain Monte
CarloMCMC) methods from the posterior distribution. The goal is to find reliable
estimates of u sensitive to uncertainties. During initial trials, we observed that
the fau (=1/s*) parameter of CAR prior controls the u estimation. Using a
constraint, s = 1/(kxo), five spatial models with varying k-values were created. We

define reliability to be measured by the model likelihood and propose the maximum

likelihood model to be a highly reliable. The model with maximum likelihood was
selected using a 5-fold cross-validation technique.

The results show that the maximum likelihood model (u*) follows the site-specific
mean at low uncertainties and converges to the model-mean at higher uncertainties
(Fig.1). This result is highly significant as it successfully incorporates the effect of
data uncertainties in mapping. This novel approach can be applied to any research
field using mapping techniques. The methodology is now being applied to real
records from a very dense seismic network in Furukawa district, Miyagi Prefecture,
Japan to generate a reliable map of the site responses.

g . -

e Data Points .

- Observation Mean . H
—— Proposed Reliable Mapping

Observation Sites

Fig. 1. The proposed reliable mapping(u *) with observation data and means.
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Validation of a New Ground Motion Prediction Equation
Using the JMA Seismic Intensity Database
# Takeo Ishibe, Koji Iwasa, Mitsuko Furumura, Ritsuko S.
Matsu’'ura (ADEP), Hiroto Tanaka, Tsutomu Takahama (KKE)
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GMPE of The Horizontal and Vertical Motion Presumed
from Borehole Record of KiK-net Data

#Toshimitsu Nishimura, Ken Miyakoshi (GRI), Masanori
Horike(Hanshin-Consultants)
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Lz, 22T, i lTMEL, j BBNSER~TIRAFERL, Y ITRKIER
(PGA., PGV)., R I1IWrE K HEE(km), Mw (3~ 7 =F =2 — K, Dep [FER
WRE%#T, C,~C4. Ce;. Cey. CkITFUFEETH D, Cs; 1THIE i EH D
EHETHY, 2 DD/RNT A —HF —Mw, Dep Dic KIR¥% 1~4 L L7z
2°=16 ¥ —ZDREFETNANES, AICICE > TEIRENZX 2 THREN D,
Ce; IZHIFE | OHEITHLEZRTHETH Y, Ce, =Ce, x10“"™ TE S, BT

£5(40km LIR)D T — 5%?3?0&&;1—%@#?@9%%?‘?07”:0 =] 2D HE E 1

BR/ANTIRIE R VL 3 BB RN AT I . BREL Ck. FREL Cey. Cey. HREX
C[NC(; ODJIIE\&:;JQ@K_O
Log ,(Y;) = Cs, —LoglO(Rij+Cel.)—Ck><Rij =1
c C, +C,xMw, +CyxMw.” +C, xDep, +C xDep.” : PGA .
S, = x
C, +C, xMw. +C, xDep, +CyxDep,” +C,xDep.’ : PGV

VERR L 7= i b 50 8% o0 BRI 3= s O PGAK B (PGA-H), PGA | FEI(PGA-V),
PGV/AKFEEI(PGV-H), PGV E FE)(PGV-V)ZT N LN D RRfsEa £ 1R T,
x1 B EROEMBAZXOERIFFRE

Cy Cy Cs Cas Cs Cs Cey Ces Ck

PGA-H | 10.3590] -3.2035] 0.3159] 0.02337| -0.000439 0.00230] 0.529| 0.00297
PGA-V | 10.3645]| —3.2699| 0.3229! 0.02368] -0.000513 0.00200] 0.547] 0.00270
PGV-H | -3.5060| 0.8177 0.06007| —0.005326| 0.000125] 0.05876| 0.287] 0.00102
PGV-V | -3.6360] 0.8208 0.06740{ —-0.006004| 0.000139] 0.09730] 0.250] 0.00102

-BEOEEBEXLOHLBRRUERE 120084 4 F & WP [ HE
(Mw6.9)D i Bt Jik = A& Flc R, K12v5, #FAPGV(X + @, Deep)id i
mﬂ«ﬂ¢€)smfkﬂyvciao%@m&u@ﬁﬁﬁﬁﬁﬁéfﬁé*&ﬁbﬂéo
AWFIE DT — 2 N— ARk T D, BEE B L ORI ZE 0 I ek 3= 2 o0 e B ue
722 bl U7 (322), Hh oo BB = O FE HE R 72130.27~0.34THY | BEFE
DOHFE DR E X DOZN(0.32~0.46) < T/HhEW, L LN, Hifg
PR L R (P A, 2015) 0 S BUE HER 22 230, 1 7R B2 7> -2 Hi v o i 3
FROEREFENOIRED D 2 s, MR M EEE)FEIE O & 505 1 7 2 1%
035FLE & PAHE NS, ZHITEEIED HiF o R =R & FREEE2SR)
Thy, P OREERERICH L TELRBEOR EORGFNHBHE L E 2
L, SthoJEE LT, MEBRAOERHECSOFMBEE DM E&2RE LT
AV

100 —This Study

PGV-H(Deep),0=0.295,
Hh A MNo=0.131

R2 AHEDT—H4~N—XI[Z

=
o

- si&Midorikawa(1999) 1 BRI MIEERE
s PGV-H(Surf.),0=0.331,
%‘?— 1 = RNo0=0.239 %Eg%& Kanno et| B]-Z2)I1 | #a#t - E
& © 2008/06/14-08:43, VTN a1.(2006) [ (1999) |5(2003)
0.1 Mw6.9,Dep=7.8km &#E)|°
\ PGV-H(surf.) PGA-H[ 0.339 0.455 0.380
001 A - 3’02/860/14'38,;13' PGA-V| 0.333 0.432
w6.9,Dep=7.8km

1 20 el 1% peVii(Deep) PGV-H| 0.295 | 0316 | 0.331

R1EBREREEF B A REE O 8 [PGV-V| 0.268 0.320
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Validating a source model for the 2011 Tohoku
Earthquake using records from the Small-Titan
#Atsushi Nozu (Port and Airport Research Institute)

201 VAR AR i G RSEFE R R O B, B 3 R N o 8RS T, BN AT o
FOLARO BB ABASh, 2R KIEBZREL TS, EH 5DV,
ZONNADOTHF EOBEBEEEZERML, ZhzatmEdhz EfICHET S
72O DOERET NV E L TSPGA (Strong-motion Pulse Generation Area) 7
NERE LI, ZOFT ML ECERR A~ KR HT TORRBE I g
TV E CORBRREIVEHAET RS 74+ —FET U 712 L0 EK
L7bDT, OO TOMBRLREKZFE TS Z EIZIEMRII LTS,
LinL7ns, LT, —DDOF =4ty b+ 5720ICERLEE
WETANB T —2y NEFHATERNEN) ZLIFRIVELIHLOT
by, BRETNLVOEENER EOOIZIE, MYOT—%+Fy bEAWTH
FETAHZEMNEELY., £ZTC, ZZITCEHMYIoT—4%®y MELTHILT
%K% O Small-Titan» O MBI ZFIA L, BRETLVORFAEIT-> DT,
ZTOMBEERET S, 2B, Small-TitanlI Ml & &2 .0 & 3 520D &L A2
MR LB T, 1998FE LB %M L, 5000 Eoidks B L7,

HEEB) O FFEICIE, BIRTT VAERLUI-REEFER, BRBRI) WA N g - (748
Ktk 2 R 420579 % e, RIS 3 2 B0 0 MBS £,
Small-Titanflll s EK-NETHL s 0 H/ N ERIC KA B A~ MV k2L,
K-NETH#H ST BB O RRBR A A MER R E 2 BT 522 L2 X0 FEIEL
7o AR T T VIO W T, (1/r)exp(-n fr/Q B), O=114f "> CREN D5
LHEMARET N EEARLL, OEZ0.THZUL FT—E L THHAE L LAEVWEEA,
80kmLLiz CORMBEOT NN Y 2EE T HHA L LWiEA D, iH4il
DD —AZRFI L. ZHICMA T, REHEOZEIERE D E % @15E 72
FETEET DL r— AL LW r—RA%5 2 7.

S FE ROV T, 0.2-1HzO #4803 FE I, 0.2-10HZz 0 8515k o0 58 fF =

o —7 ) BEO0.2-10HzOHID 7 —V = AT MLICHOWTEBEIZEAE
ZRHBL7=EZA, QfEZ0.THZUL FCT—E & L, AUV F LV OLEHFERKET L
AW —2AR R B WERE 52 TW AL ST, 2O — A TO M Y
TEOF R R 2B R EBRL TR T. EO LV AZ I LD ELTHIE
BEROFEHEBIESHE TE TN, RIEIZRI THo7ZEEZ TS,

BE OMERSEFASE OO W EICR UL T3R8 L O SR 2 BT iF
ZET O BMRENLIHEILB L R ET.

SEXHE 1) BH - HARME LPRWm . Voll12, 20124F, pp.21-40. 2) B : H
AHE T P25, Vol.12, 20124F, pp.209-228. 3) Kinoshita, S.: Seim. Res. Lett.,
Vol. 69, 1998, pp.309-332. 4) Aoi et al.: Eos Trans. Am. Geophys. Union, Vol.81,
2000, p.329. 5) il : HRFRFHICE. Vol.664, 19994F, pp.283-298. 8) HFiH
fl . A AR SHEE R SCHE. Vol.514 | 19984, pp.97-104. 9) Bptfl : LK%
DEMCHEA, Vol.65, 20094, pp.808-813.
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A method incorporating rupture directivity effects inside
subfaults into stochastic Green’s function method
#Takashi Hayakawa, Atsuko Oana (SHIMIZU Corp.)

1. IXC®IC

PERDIFHI 7Y — BRI ERNOBE LR DR E R TE RN D | &
FW O =\ EEZR NP REO BT FAMA+ 9 TRVWEERHLEE R
b, EFOIX, ME 7Y — U BEBOEICE R W g N OB K28 A+
HFEEZREL TV, KRETITFEPEEL TWOI LR T 572D &
FIEL RN OMBIEARRE N R 2 B G I IEM I IA D D 72 iE L i LTz,

2. B
HREWEN TV = BABET XVEEDORZAENRFRIC THL5 6 . EHEKME

12 5% . B AT 51T B8 S O M R iR 4 udE (DA TREND, Gipgld
V=B mpglTET— AT UV BITREERR I O SPEOE | vrl T EE (SRR
HWETHD, (2)F D QITHIEERFEDIR T, BERFLNOH 72 S BERFED
A TERIND, ArlTERAOFLE | AuwrlIRE T XV EOFELET D F
BT 2 TH D, QODEDF —HOFE 3 BT AR 12 L2 HUR I 0 5 1)
Pz B HORE S MEIL T ROEED AR MR EZ BRSBIRASI M2 KT,

ui(x’w):Q(x’a))'mpq (a))'Gi;Lq (a)) (1)

Q(x,a))z_”;Aur exp(ia)E(x,(f))dZ E(x,f):‘x—f‘/ﬂﬂf—é/vr + Ar (2)

Q’(x,a)):ﬂzAu,exp(ia)E’(x,f))dZ » E'(x,&)=|E-d/v, +Atr (3)
H(x,a)):Q(x,a))/ Q'(x,a))‘ (4)

B TR TN EE T H DD Wk DRI 7Y —  BBE D BIE A7 VI
BVRD O (x,0)m,, (0 )\ I LT BEEZBNS, KT B HKEED A& I
(4) ROWIER I P& A B RUIE, 10 SCRIZ BB T RAHA TS,
3. Bl £ T WA KD FIEMRGE

e Bh KR I KOO R E. T O Mg ' 7 D& W T, BT ISR T D HE

B1 BEETIVERMT (£ FER., A:HER)

B 2 e RVE LR B IEDSGF, IR ITAEMIETHRIE LT, BEH M RIISMGA T
DABETIZ10. Skm T2/ @ICa &L, [0 FREEE Uz, HLICHiIE £
TNEERIT O EERT, ZmIE TP R SHEICLS = RocH THEET
NERW, SGFTIEFRIET AL kEl-~7c —RLET VEH W, SGFDO Y
— VBT ERERBIEOE— AN NE T &EPDAXIMURIEZ R ELY ., #£
e M 2 7= L D B Ml Cabt— L U MR Z2 A 5D LT HUE A i CE
U7z, EHIZEREAS OSHIE OMIEREAZF T, i TEEET LV LT 7Y —
YBABELT, TERDSGFIZZ ) — BABA KRGS KO L TR R AR E LTz, &
LOSGFTIXERWIE DA BRI I IEARI ML ESFELT- LLAMIE R DSGFL
FCTHD, Z5ETIET ORI EZREL ., £ Dfmaxx6HzE LTz, K21
M EARZ MV E R T, T IRBERRE AL E T 5720 EERE I RICK
V#0.5HzLL ET1%& EES, K3ICHOFEEE FOMEBEW K/ O£~ —1
T ARV ERT, B OSGFIXNE R DSGFIZ N TS EICIL ., BETFiE
DHEFEL TWAZEEEL TS,

ZEICHR 1) B ,2016, B AHE T 225 12[E4FE R KSR, P4-14, 2) WEIF,2015, htt

p://www.bousai.go.jp/kaigirep/chuobou/senmon/shutochokkajishinmodel/index.html,3) Boore,

D. DM.,2003,Pure Appl. Geophysics,160,pp.635-675,4) Ve - fth
1995, 1 AR HE L2 i 1 R AR 30 5R,451,pp. 19-28,5) #)11,2004, E1 B2 | E3
F A 5% T 2R 250 S0 4E,4-2,pp.21-32,6) - fih,1989, H A4
AR R U4 396,pp.27-36,7) TR« f1,2000, HE2,53,1-9 E4 E5 E6
10 __,_/\/_/V\./\/\
35.70° l_ b ' ; ﬁ %I.SF]:' :": 17
MetfoOffice 01 E7 E8 E9
» GL | A
34.95km 02051 2(Hz)
36,65 i {’Q{//j} 2 *ﬁIEZ/\Gbi‘)I/
| & s EW cm/s*
R % D=5.1m .
35,60' * (J[) o :GZMPa 128
- E1|E2|E3 20 F
I\ E4|E5[E6]12.3km
w38 P E7|E8[E9 10 E
(‘)\ /| 123kn? /II 3
A 397’ 10.65km .
ke A\ * 0.2 0507 1 2 Hz
— i -
139.65 130.70° 139.75° E&ﬁ&ﬁ&éﬁ

X3 ZEniE. EkK. IRESG
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Uncertainty of peak ground velocity estimation related to random crustal
heterogeneity
#Kazuo Yoshimoto (Yokohama City Univ.) and Shunsuke Takemura (NIED)

1. [FCHIC EEEEDk (=>1Hz) OHEER OIRIEIL, HEHEED 7 2 &7 DAL E M
WZEABEWEHATRELIESDL CLTF, THEBREGELC X 21E50% ] LIRS .
BINHGELIC L DIE50& 1, T ORERI7LR ) D CIREECH D 7=, =T
BB CIIMERRIN R S5 215720 8, Z ORI W CIdRIAR L L TR
PRISINEN. AMFZETIE, BUARETER L OHESRS I o L—3 3 L IHIBOT) D,
P& S EDIRIEDIX SO X OJEMEL « FEEHAFEZI OMNTT 5 L &bl RRGE
£ (PGV) FHHOFEBERE D AMEEM: & OREIZ OV TG L7,

2. TREMT A (2016) LIRIERIC, HREMT OHGEN TRA LA
RIMEE ([~ M3, v~/ =Fa2—K 3.1-5.7) D Hi-net ORI A b A
U7z, ERIREEEE 75 km DAIN CREIFIESRAEARER 0.8 LLEOBEE 28 E L, Hs
UTHRBE 2 31T D I KB S H I OMIEREN A H Lz, 1-2 HZz B X024 Hz #38C, =
— AR LTz 3 Ak P HEIERS O S dRiE (LT, TP IRRIE) BL O

[S JARENE ) ZIE L, HEREGELC X 21X 5 >& OFEIEE - BRBEHRFE OB A 3T
fﬂﬁ L7z &DIT, 7Y% ARG dtET T Va8 Uiz 3 IRt RS
2 b—a AR, BRI BRI S o L—3 g L OHEEGELIC L I H X
g LU=, B I 21— 3 /?/iki@i{ﬂﬁ&%%L%T/Wi Takemura et al.

(2017) LERETH Y, HEFEED T &7 AARETEMEZIE, FHBEEEE 1 km, W5 X
DR E X 0.03 DFEEEEEIET VAARE LT-.

3. MEREEL-LBESDE HHIESN- P IRIEL S HRIEOIZS>X1L, IR
FREfE L & HITHERL, BEEIE EZORMENRE LW EOER S, Bz, 1-2
Hz #75kD S HRIEDIX 5o X1, FEIREREE 30 km FREEF CHIR L, bl Clatt
AT HIZ70 D (KA, B). ZORHSIE, 3UTtAEERI I 21— a8 iU
HEW R e/ (Yoshimoto et aI. 2015) ICL - TR TE 5 Z LR S

7o ZORERITE, BREEOHEEED T X AREEMEIZ L - T, %/J KT 10
ERREOIRIEDIES SENRAE LGS Z AR LTS, #EF I L—ralks
FOYFHEET /I LY, BHHITCIIRIEE CH - 7-=IREEAE 30 km LU R COHIERRHGEL
WX DT OX DR LR STz,

VL EOfENTERA RS £ 2, AR TIE, HEHEED T & AREMIC XL D PGV
FHmOREBERCE DO ARHEENEIC OV TR L7z, O, SRR IIRFEOER
B S WICKRTH 0 LEL, BEOREEER (7] - )11 1999) 2% &S0
TEOFHMEOERE R L=, —fFlE LT, HHEHE (Mw55) @ PGV ®
FREEREE OR HIMEOREAE R A % X C I3 AR A S ERIREEEE 30 km &= CHIFREEN
LENLLEC—EEIZ 725 b D L3l Ltéﬂﬁﬁ (ﬂﬂ%ﬁ) & MR B BT T 1S
X 2FH B ZoRd. ZS OFHmNE —Z720, Wb PGV A
e EMED S ERIRRERE & & IR L, ﬂ%ﬁ?ﬁé’]f;nﬂﬂm%ﬁ IRAHTLEERLTND.

A
10 T T
g
(_n L
g F T T T 1
< 10'E
3 3
3 i T
0 =
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>
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=) Ko
@ 05— —— ——T z
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2 03f M
g o3r :
o 0.2 E £
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2 01 § -
E'OO- P H B AR A B
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X A SRR (1-2 H2) DIX6>E ORIRIEAEZ . S @G 5 D Z A A0 F—%
. B. %% S #iRIE (1-2H2) DIEH & OIFERAOEIFIMZA L. =7 — TRz,
HISSHY SBLRIE ORI R TR BELOBERE T M L 5 TNl (Kobayashi etal. (2015)
DOHEZREED T o 5 LAEVEOHEEM (PP E N, FRBIIEAE 1 km, WO EDRE
0.03) #UE). AHNIEERET M L A8 ~UL (=0.18). C. HHEERER (5] - 2J1] 1999)
i2k% Efjiﬁ*%i{ﬁ%? (Mw 5.5) ® PGV OREIFHFAFZ . CRSEH) . MSSHRSBUINE 53N L 7oA
RS, P THERI BGE BORE 7 L) BRI L7 AF RS, K503 12 Hz #7skod S k.

BHEE O SCRIFHARFITHT OO iEna R ETHIKE Hi-net O RiER & B=IR I % v 7 % fif
HALE L7z MEE R 2 L—3 g9 IR ENF e T S ke L o 2 —

D EIC 5HEMES AT L3 L OVBEFZEBE st E O HER S S = L— 2 2R L E L7,
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Large amplitude long-period ground motions
carried by the PL wave of crustal earthquakes
#Takashi FURUMURA! and Brian L.N. KENNETT?
'ERI, The Univ. of Tokyo, 2 RSES, The Australian National Univ.

1. PLiER&E(Z

PLIK(ZF. PEOYIENIER(CRESNDEAHEL LU LDOPPREHIODEBUREF CH D, Oliver
and Major (1960)7'&#(C Leaking mode Mifi & U THEFR L TR, © DR & ARIBRFIE
DORTENEDSNTEe, BARICHVTE. BETLD PLIEDER SGHEICETER -
EREVIAZY (FFH. 1965) HMEEsH SN, IAMMERR(ICR SN D PLIEORHRE 73 B ERODAR
WICEDWVT, 5% - > NUREEE &2 otigtnzahiEd snTEr (S, 1969;
Lz - &=, 1972 ; BEHE - /. 1990 ; Fujita and Nishimura, 1991),

CNETO PL IEOEMIC (L. EIREERE 300~500km OEAERRMEST —FhELSN
et IAFEOBEFAMOEMFCKD. KDEBERAHETD PLIROER - ([GIENMEREIND
KD(CIro7z (Vackar et al., 2014; &£ - (FH. 2017). KAFKTIL. 2004 EFrRRH
HHE (Mj6.8; h=13 km) OEMAERAZZEC. PIRBERORVEREICEIET S, PP
REABAD PL EDAMEMS. FCHFRAANADIRERE DHIEE & DRERICDNT. sEERR T
— SR EMERGIES S 2L -3 a Y ICEDSEREF U,

2. ERAEFEEERICRSNIRAMD PL K

M(a)l&. 2004 FFEREPHME (Mj6.8) DMENREEAZ Radial D ZERN S KK
[CNFTHUARTZEDTH D Fe ARICIE EBRMNS 85 km BiErLIZ KiK-net {775 (FKSHO06)
e 3 O hENRE R, 2R 9, Radial(R)& Vertical(Z)B (CHWT, PIKRE SIKRDME
[CR5N2. B4 ~10 BEEOKIKIEDOREFAMEBIDRE (. TR FEI°IED B
HOFFEMN S, PLIEEHIBTENIZ, PLIR(E. PEAMRRATAARSORDIELICKDE
B L. #RRICEACiADSND KD ICDIEHDIREADMES) THD. AME(CHLT, PL
B SEIREERE 30 km~200 km Bl E(CHT=RLEFETRS S, BiEEHS Rayleigh ED
BETH WA TIRIBA RSV, BUIRICHBVTE. HEHRE (Z41) SEROBRAIREESQR
DTWBIEREHD. —fRC. REMESIREMEICIDERZSESNDA. PL EHE<
FREUMETE, PEERORVWKZNSRERMEESOHENE D EITEFENMBET
H>.

3. PLIBEORERHGLIEE - BRIFHE

BREREEBESET)L (IMA2001) ZRAVWCEEMCBESTENS. PLIEOAR CGREIICEL

T. RO EMER U ; OPLIKE 15 km BRELUXOMRRAME TH FEEL. TDEE
(FERREEEEBICHEFEFD. OFHAERREGE, E<DESTELEBICRL<RD. ODEUFEE.
PiE&E SEREDMmSICEBRTHD., fFICHTEH km ORBOFENKEL. PLIEOER
CIHEREOREBHNEETHD., REICKLDMIRTODIM SV-P BT PL EDERSIEN
SE3EAEC. GRBRCHNTHRTO P-SV EEDEMM/NE KRB eHIC, PLIEL
FILF—DT > NILADFRE (Leaking) HMIHEISNBIzdTHD. EMBEDFEMFE
PR T ORRERBOFZE (L. Rayleigh BEFARETKERBIZENS. PLIEDRFICER
UReERA > /\—==3 >4, PL RZEAVWCRERMEESORIAFA. PL/Rayleigh b=
WeEBRRESORERE(SERTEITUREND .

BEWHREIC LS PLIRDEEEE
PLIRDEM ISR F5 9 SHEE (L. R (C PLIKDIGEZBEEINS 2 E6H5. 2007

(2) 2004 Mid Niigata Earthquake (Ve 8) FEFE B b it =
: . Radial, Velocity
rod & g&}gg = g%;;- FRSHOG. (3, REEREE
O x| 0{5) . -
MRl L ie 8 | W 2004 SRR &
: (por] T e R T 17,
g e S . , _
51 $i 03 " PL SRODAERLISEAS
T ,égé o MEED ST (H
- 2 = | H H
2 FET ] e b). TOREEL
i S ] | ! . N
J— ﬁ o WWW\/WWM T, PSRN
gL e, BTHORHkm
Distance [km] n = AN V]
(b) 2007 Off Niigata Earthquake (Mj6.8) Radial, Velocity ZBAD E’”& FE
s o Y B - P mg‘o:;l % / f' G)}?—L\iﬁ*ﬂEQ—F
F 5 3 8 & 6—& EE Ec | el -
2| ¥ X g; gé o e> Eé £ a) 2007 Off Nugata Eanhquake _C‘E%S‘EE&J(; B
o) ] L 3 b) 2004 Mid Niigat Enh ke o .
5 B 2 i i 7 ‘} ;§ —’}f // ;—7\) e FKs:m ”ga T )}E\IEJ:_CGD Sv-p z
~ g 3 P = 1= N © —
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3 g b < < 548 AL o TCGH105- .
Baofr § F 4 o P ol | BWTO P RO
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: ;; é . : ;{ {%’Ts = § %:: (’f 7 z{ ( i Ny e'ééHog IBRH18 %}igjb\sg < D /:_FEE;E
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¥ ? Pl o W SEEET D PLIRDAE
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Characterizing directional variations in long-period ground

motion amplifications in the Kanto Basin
#Yurie Mukai, Takashi Furumura, and Takuto Maeda (ERI, UTokyo)

WE®

RELEVNBE TAMENEES BRI EREFTCEAH-10DORBHAME
BNBRAERT D, ZAVVMBETHRICERLERBAHORDENRIBHEZEGREL.
FHOHBE THRUBIESNDLLLIC, AMFE2RBRELTRERARIHE
THEN. ZTOREELT—RICHEBASIS ChETOBERFEFTOMEBESAT
—Ahs . FHREPHMBACEFFETOMBECEIRAN BB NBRCREEL. B
A TRELLMBECTEIERBEABVCEMERSNTELGGR-BE, 2012
REFT, 2010) COKSIC. EARFHETOREMMEDOLEMBELMEDF LD
BRICIE. FHEDODIRTHMTRECTERCTORS/NI—2RE HRABREAEDL
DTWAEEAOND  AETRH. ERFHFORAHMEFHERICHEDR A
MNEAEFNSIRERRAEES=OIC. 2004FHBR P BB L2011FREEREEY
DHEORAPMEBFOMEBRIGE L IaL—2aveEnIc, BERMODOKE/E
—VEERTHDIRTEEDERFMED2ODEZEERF L,

WS E—VICELOREAHMEBERDE S

HRFIFHETCORBAHEDAERICETIMENOAMEDEZEETMI S=HIC.
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Long-period strong ground motion during the M7.4 event occurred in
off Fukushima prefecture.
#Tomiichi Uetake (TEPCO HD)
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