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Significant issues posed by the 2016 Kumamoto earthquake with
regard to active fault assessment and disaster mitigation
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Landslides in urban residential region induced by the 2016 Kumamoto
earthquake
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Recent destructive earthquakes in urban regions, such as the 1978 Miyagiken-oki earthquake the 1995
Kobe earthquake, and the 2011 Tohoku earthquake have destabilized many of the gentle slopes in
residential areas around large cities in Japan. Beyond the serious danger to residents of the earthquake
affected areas, these landslides revealed the weaknesses of urban development in cities of Japan. The
2016 Kumamoto earthquake induced serious damages in the suburbs of Kumamoto city. The strong
motion along the earthquake fault across the urban region caused slope damages, that are building
deconstruction, collapse of houses, and landslides of artificial steep slopes, but also the ground condition
controlled their distribution and landslide mechanism.

F—U— KB+, BHEAX
Keywords: Fill, Residential developments

©2017. Japan Geoscience Union. All Right Reserved. -HCG37-02 -



HCG37-03 JpGU-AGU Joint Meeting 2017

201 6EFEREAMBICH (7 D RMEBMBEDE L DEVHRE & W%
Building Damage on Surface Faulting of 2016 Kumamoto Earthquake,
and Counter Measures
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Consideration of uncertainty in strong-motion prediction and seismic
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S-wave velocity measurement across active faults and the effect of
basin geometry on site response, California, USA
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We measured S-wave velocity (Vs) profiles at eleven sites in the east San Francisco Bay area using surface
wave methods. The sites were placed around the Hayward fault and the Calaveras fault (Figure 1). The
30-year probabilities of magnitude 6.7 or greater earthquakes on the Hayward-Rodgers Creek and
Calaveras faults have been estimated at 32 % and 25 %, respectively. These faults run through densely
populated areas and knowledge of a detailed two- or three dimensional Vs structure along the faults is
needed in order to estimate local site effects due to a potential earthquake. This presentation summarizes
data obtained by the surface wave methods, shows Vs profiles calculated by inversion, and discusses the
effect of 2D Vs structure on surface ground motion. Data acquisition included multichannel analysis of
surface waves using an active source (MASW), a passive surface-wave method using a linear array of
geophones (Linear-MAM), and a two station spatial autocorrelation method (2ST-SPAC) using long-period
accelerometers. Maximum distance between stations ranged from several hundred meters to several
kilometers, depending on the site. Minimum frequency ranged from 0.2 to 2 Hz, depending on the site,
corresponding to maximum wavelengths of 10 to 1 km. Phase velocities obtained from three methods
were combined into a single dispersion curve for each site. A nonlinear inversion was used to estimate Vs
profiles to a depth of 200 to 2000 m, depending on the site. Resultant Vs profiles show significant
differences among the sites (Figure 2). On the west side of the Hayward fault and the east side of the
Calaveras fault, there is a low velocity layer at the surface, with Vs less than 700 m/s, to a depth of
approximately 100 m. A thick intermediate velocity layer with Vs ranging from 700 to 1500 m/s lies
beneath the low velocity layer. Bedrock with Vs greater than 1500 m/s was measured at depths greater
than approximately 1700 m. Between the Hayward Fault and the Calaveras Fault, thicknesses of the low
velocity layer and the intermediate velocity layer are less than 50 m and 200 m respectively, and depth to
bedrock is less than 250 m. To evaluate the effect of a lateral change in bedrock depth on surface ground
motion due to an earthquake, a representative Vs cross section perpendicular to the Hayward fault was
constructed and theoretical amplification was calculated using a viscoelastic finite-difference method.
Calculation results show that the low frequency (0.5 to 5 Hz) component of ground motion is locally
amplified on the west side of the Hayward fault because of the effect of two-dimensional structure. The
results of this investigation indicate that the phase velocity information obtained using the 2ST-SPAC
method with a limited number of high quality sensors provides valuable Vs information over a wide depth
range. It offers a robust alternative to widely-used single station methods such as the horizontal to vertical
spectral ratio. Though the 2ST-SPAC method and other passive surface wave methods using an
anisotropic or linear array cannot equal the performance of an isotropic array in the case of strongly
anisotropic ambient noise, they do provide an effective alternative for many urban environments where
ambient noise is relatively isotropic and potential sites for array deployment are limited to corridors along
roadways. The inversion of surface wave data is essentially non-unique and we cannot remove uncertainty
from analyses, the effect of the uncertainty depends on the purpose of investigation and the use of the
data. Several different velocity profiles that yield almost the same theoretical phase velocities were
examined to evaluate the effect of uncertainty of inversion on amplification calculation. The results shows
that the site amplifications calculated from Vs profiles are relatively insensitive to uncertainties in the
velocity profiles.

©2017. Japan Geoscience Union. All Right Reserved. - HCG37-06 -



HCG37-06 JpGU-AGU Joint Meeting 2017

Keywords: Active fault, S-wave velocity, Surface-wave method, Micro-tremor array measurements, Site
amplification, Basin edge effect

©2017. Japan Geoscience Union. All Right Reserved. - HCG37-06 -



HCG37-06 JpGU-AGU Joint Meeting 2017

37°50'0"N

37°40'0"N

122°20'0"W 122°0'0"W

Figure 1. Sites of investigation. 11 : Emeryville, 57 : Alameda, 58 : Castro Valley, 59 :
Pleasanton, 64 : CSU East Bay, 65 : Charles Ave, 66 : Huntwood Ave, 67 : Southgate
Park, 68 : Cemetary, 69 : Alviso Adobe, 84 : Eden Shores Park.
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Figure 2. Schematic S-wave velocity section based on the S-wave velocity profiles

obtained in this study.
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Geotechnical aspect of damage found along seismic fault that
appeared in the 2016 Kumamoto Earthquake

R —B

*Kazuo Konagai1

1. BEEIIKE
1. Yokohama National University

—EDERAMEDORATIBRI6HODAETIE., FENMHLONTVWEZBRAMBTILHEL SHmEI/IEERIC
M THRMEMEAREN., IS HMBERICE > TERLAEXRBELIENT-, COWEBISHSRE
KEELFZTH 7z, MATEH20BENS2TBERBBICHIF T, INEHAEBE S -RE500mmICHET S5
&, HEECORNZIBAWICE SISFERNEEPHBHXEA S, HE - SMOEBEEXEFHOEH
LIZZFEFYICLE,

EHMBEKENEELK CRALZMEAILT ORI & &ttha, 8O EDMZE

L—#— (LiDAR) BlAlfER%2R 2. BREITW TERBL/-MGAEEETEOEE % [T - T I IE5E
OARETRZELAFERRIEDY TR, BEDRENEREERTE. ZOEMIAE A SEKOMFZEL
DY) BENTEBATHE I EEWE>TWD, TOKOBEORIGERICEH LEES7SHE. 3255
R, JRERR. WNENRINE—REFMICBLZ2EKEREDTA 774 VDTSN, SOIERESR
ICIE. BBERENICHET L CTEREIME>TWAIKREMRTE, MEREZELIMABRVFRERIRAEEFELTWVS
KRERLTWS, T7ab5, ZOMFICITBEE REDOKEICMAFERDY ZIVEHEAWENTWVWEDTH S,

A EBR T AMBIIBEMBE TH D, MERT—TDLHIC, BEDKEBEETLHEL WS, TOEKT
&, e L CHRBRICHIBI TZ DB ITBEDEEDRETHY . KRKOKEANDRAEZEZADIELETES
TH?5, LOLADSKUINEL ICHBIFGEICIK. T LEBED “KERHF FALKRPELAR ENLE
HMICE > TEVWRC I N, RLVEFORNOFTBEDREIEIENELONTLE S, 30~50mig THIHEIIC
10kmIRICH 7= UMEAILT SRICENZEEFTEZD—HITH5, RRBFELENLVWEDD, ZDMEE
IEBRKPEMA EISEANLBBEEEE X, INSOFIFIBTEAVCIRNLZE T 2 REY. INSARTHER
SNKRERB >RV OTABDIA>THRNAZETIRBEH > TZDEBAHIFELATDIHELENRTLA
W, HKEGEER (Geotechnical Extreme Event Reconnaissance) DIEZE X v /N — 5 (2 & ZUAVIREEIR D 5D
IRTHFERIE. MERFTO—BARINNDNZR. ZEN%ZEZERME (32.9511°, 131.0275°) =#Hd &
TVLWBHFERLTWEA, BRIBOVPERIITET L TVWBERFI R, COEFFHED. BORWERE
BERAOBENI ESMREREDORTEHLDH), ZTOMBET—9EEHTCERIAEIVETHS D, D
BATDDL T HNEE X — MVERNC, SRERRONFFRERENH> T, I THREFEBONDEMBNAZE
AN TWZ & id, BEICERAKOMBEENNH > AELS LI,

MBI WICIEN BRI ICEEAN 2 ERGR) . RN OEERTE ICBHRAMPER ORIIE—REL TR
BSHRW, LALMZEL—F—RIEICLMEFAROT 1 DYIERETILZLERT 2 &EARILIEAVOFEH
TIMZBADETIRNLI LD D, ZOMIFIEI6H20BN 521 HKRBICNFTTORRWTIRK L, 18
KULRWLINDKINEFRFZBRLIZDOTH S, ZOMBOLETEIHMBREBOXEEZRMRLIZEDONE LN
BV, FE—BICRBRRIEDETORKEEHZDHE L, WENICL TELRFEOMBOILTIEHAKAD
S EBIRmRICOMN o/, ZOLREROFROKARKZDEL T, 4XDEICKZ SNz EXFHFR
VITDEBDRCEENE L 21" ~2"D&HE T\, FZ170 mHA 5200 mETRANSNBARHAFS v+ 7
MY, B2 DEBERDOHARTIZLECAED—DICKELL RO LILRETEESNLTVWT, ZIHDLRHEHD
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BEI—FT—HHICAL> THEVWTWS, EEOFEOERIZ. ThZTNhRI20 mOFBEZRPCH2ATEA bN
TWTC, ZOMITEHEMTIELAEZBRRELCYOMBICELTVWS, HFOHET—V VIR RNT Y b

(Eo8RYE) & LTEC—AT. TNODOPCMNEREMTIEL EEITETLEZOTHNIEESDDHFER
DETDOEEDHEIHRATE S, TDZERFARZRMOBANRI20 mEHFOME T —> >~ 7 DR iR
MD170~100 mOE DB D & I HDI WAL TREMAZERL TUVWEDANE LA,

F—T— N : 2016FRERAME, HBKE, HE - HKESKE
Keywords: Kumamoto Earthquake of 2016, Geotechnical hazard, earthquake-flood multi hazards

A Large landslides

A Small landslides
— Known fault traces
~ Ground fissures

http:/fwww.gsi.go.jp/common/00014
0096.pdf

House hanging a little over the northwestern
offset of the ground at N32.9568°. E131.0368

Tilted RC housing of pump for Akita clean

water well No. 2 at N32.7670°, E130.7786 °:
A low lying area east of this housing is found
sunken by more than a meter
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2016 FRERMETHRT - HE L =MENILFEEDRIEHEY)
Geomorphological and geological features of landslide deposits
caused by the 2016 Kumamoto earthquake at the western part of Aso
Volcano

FLE— BHEZ, BF K

*Ken-ichi Nishiyama', Masayuki Torii*, Mitsuru Okuno?®

1. BERERZRET MR, 2. BEARFEFE, 3. BRAKEXRZREARZHRR
1. Graduate School of Science & Technology, Tokushima University, 2. Faculty of Science, Fukuoka University, 3.
Graduate School of Science & Technology, Kumamoto University

2m6$4ﬁk%ibtm$ﬂE(Mj7a'tm BICERIGEWVWHEHRAILTSHOMNE TELHOMT N
- REBRENRE L. TNOSOME - HEICEAT 2 FRNALFAEEREZ2HRET 3.

AT SEBOBHFEPIREE N—LORE TITEHDOMITRYARE L. BRANETRELLMT
NYE, BBFEOMRISEBHOBE I =Y MRS TE, 7—RA70O0—C¢HEEINATWS (BEFIF
N, 2016) . IRYMICIK, EFEEA (Kpfa, 31 cal kaBP) , A5 UICAT (29 cal ka BP) 9 H L TW
3., — A, aFEIRANLOIMEm TRELAINY L, BARANAOMIRNY LYERARET, IRXYET
BHRINDKpfaDDFEITMFHNTH S, AIAEDOKRHKTETIE, BEREEERTER LKA LTO—4A
BArRoHoh, EMNERRI7LICEDNTWS. ZOBRREE, 2016FE L UATOMT Y ICL > THEKR
SINEEMEBEEHEIN, BEIFRDOHKRIF2016FEMIRY DAEFICERONZIAEEEMETHSS. e
R DEERBHIEETETVARVSY, KANETER~ERITOERMEHESNS.

BETE,REXOOBICHIRIEFE (1,337m) &, ZOEAICHZ975mOE—Y (NGIEFE) TR, &
HODKETHIRE - HITRYSPRELE. INOOREIFEISEEARE (PI7LFR—N) HOEBRINTS
Y, ZOLEAICIE, KpfaRATZETO—LEBNMHBEL TWS. BEAREDLEMZE D O— LEBNEWVET
&, INON—BINBLDBEESARELTWS. —H, BFEERI) 7 (KsS,3.7calkaBP) , F4EXR
a7 (0jS,3.0cal kaBP) , Kpfai&@AREL TVLWSLEEMNEEROMNETIE, ChsnEVWO—LABOF
ZYIRYEETHHMIRNYDREELTWS., ThoDFRERIE, PRAOEDEISRKRTT 2 TIEESRE
EENEWILERIIDOFERZICH2. ILWERINDOFERBICIEZEDHTRY LWAKEFELTWBIED, RT
LXTWo—EIFmE,r @KL, £% -  BMICHEES A L. FELRERTH 2/ NBEFELIELRE,
5, HBEMRE (BRHENRE) XTOKE (HR) FERELIEHA.2km, LLEHIEHO0.61km, FHMERIRE
(H/L) 130.145& %4>, W - SR TRAVWVHEEICK 2 TWBEE LT, FBICREHEZRTLE
ZENFHMNTHS. 2Dk, 201656H20-21HDEM (MREH600mm) ICLY, WEAIITIE, R
BXTINFR—MOEBEZECITERMRTL. ERAICEEFEL TWZ4B16BICR T L#HEEME K E L
=R -HIRLE.

F—7— R BRAME, [, Yy

Keywords: Kumamoto earthquake, Aso volcano, landslide
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ErXxEEHmREICK 2 HBEmEthOEEREDESR
Reserach on active faults in urbanized area of Mashiki Town by the
City Bureau, MLIT and its significance

*HEK X', FIR B
*Yohta KUMAKI', Hiroshi Une?®

1. BB REXEE, 2. B hiEks

1. Senshu University, 2. Geospatial Information Authority of Japan

2016 MEABIC & Y IEHNARE ST P HEHOERTEO—BE LT, BLXELBHRS
HEHETIE, Ey MEYM (BESER) 280, EMBEOFEORRE ZONBOREDLHORAE
Fok. TOBREBNT 2 & EBIC, THBICEVTHERICHARIBENE Ucib il COEMEREDR
FIIDODWTHR B,

&'
1

ol . g b7

DAY

N
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RINETE B ICH T DEMEDAED T
Consideration of existence of active faults in the Reconstruction Plan
of Mashiki Town

*FIRE

*Hiroshi Une'

1. Bt thIBpE

1. Geospatial Information Authority of Japan

TR 28ERRAMEIC L VIRBHAKREZR I ABEWMAT TR, BANSERL, KBICRLVEEZELNTWLS
7D DIWFATREEE 2 FR28F12RICKE LT, TOBETITOLNILER7 V7 —FTIE ZLDER
B, MIBDHEECHROMBORLEICN T 2ALNHBEEEATVWD, IOFTERELLETLT. BEXRES
HHETIZ, WE. HBLEOWEZERDORE - SMETO L EHICINERIALTEBERDIHOORE
MERDBH Y A DRE 24TV, WWATICIERIRH 21T o7z, ZDOHR T, WEETmAr /O % R ICHkT 9 2
B EEIXRDEMBEHEL, ATOFOMTEIMXEEREREFICKL W ENLHEMERZTIRICE. =
XOFHEZ, WE) R VOROBERNSEMELOLMAABICERLEZEDETELORELTVWS, BFH
BREIBFAAHBEEFEOREEINDSTHZD, EMBEOMHELZELCEBRL, FMBEHETZIIE I Y%
BiELLEMEAE LTERES NS,

F—U—F : mETEEGE. ENE LOTHFIR, EE S OHEF

Keywords: Reconstruction Plan of Mashiki Town, land use on active fault, coexistence with active fault

©2017. Japan Geoscience Union. All Right Reserved. -HCG37-10 -



HCG37-10 JpGU-AGU Joint Meeting 2017

BT AT N8 (B E B DB © BixaEY

Wi BOHE & O #HETHEHIZHELT, 3KDEMIE (A-B-C) AT,
LT D4R o8I HIET O SEOHETIE. EMBANTEISESL . 2T TS

DR—HEOESE=DHE . - ;
®Bﬂﬂ§fg.££§tmﬂéa)ﬁ% i%'cr;h FARBecmDEXLRUFZEKI5cmiEEDETE

@iﬂﬁldﬁné;&&ﬂ@%&%wﬁm (:%!ﬁF‘B CG)KLAQ:%H?FALJ:I:A'C%H!!)

Hu T 435 AL
4.3
SRR

S—1- 2
ETHEAmEAIHE
E A T M)
{4

—— hUEATHE)
iRl
i WA T E)
i
As«-HRE

E 233
TOUT mismpbOR |
TIIT s HORE |

--'1 L B

‘.'r";"“ Qjcﬂ)ﬁ-’lascmG)E:(L/ﬁméhf—gﬂ /

& BER-UYTNE

=

ErZEEEMRE(2017) « [RAMELSSOEREOTEMERCHEI EZ2IROES D HZCETITMBES] L0

©2017. Japan Geoscience Union. All Right Reserved. -HCG37-10 -



HCG37-11 JpGU-AGU Joint Meeting 2017

BIENE EfERAIILT ZIAEBICIEN 2016 FEREAME D ERE
Earthquake faults along the Kiyomasa-kodo and in the northwestern
part of the Aso caldera during 2016 Kumamoto Earthquake

SEHA. HE B0 %k SFE. Bd £ HA RS, 58 £X°
*Mitsuhisa Watanabe', Takashi Nakata?, Hideaki Goto®, Kei Tanaka®, Yasuhiro Suzuki®, Keita
Takada®

1. RFERZEHSFEMR, 2. LERZEZERER. 3. LBAFRERXEMAR. 4. —MEEAN BAMEtE 49— 5. £54
BXRF. 6. BEFEXRHRASH

1. Faculty of Sociology, Toyo University, 2. Emeritus professor, Hiroshima University, 3. Graduate school of letters,
Hiroshima University, 4. Japan Map Center, 5. Nagoya University, 6. Fukken Co. Ltd.

TILC®HIC

201 6FREAMEAREE (4/16) 2. FmANI?EBRAMBT A D HIFLIAICE, KEMNSES(HEM Sk
BAIILT ZAEBOEIRICHIT T, BN TIEH 22 FmEA?ERICERARAICES T 2R RO R EHHE
RInf (FHEIFD. 2016, HEZFES ; EBDIFH, 2016, FHEFER) . INS5DOHEIFE, 1997F &
19990F ICEEAAAICENEEOAE T ETI R I NZZERNET (Fik - 0. 2001, TAMKE
FR) IS EDICHENTVWS, KERTIE. ThODOAELGEDEHEMEREARIT 5, uﬂﬁktiiﬁi
28FEENFMREMEE (FHMRITEE) [2016FEAMELEEYT ZEEICHETIHRGAE] (GRER
= : 16H06298, fFMAKE : BKF) ZFAL.

2 _EiRhERE FOERSBICA> THIBEL MR (hEME) & hEEF

(1) BEREBISAHD HMEMKE : F/ABEICEWTIE, ATIhEONEE A pull-apart basin AR SN TH
Y, HhEMBDOHREAFRADKBEMEIIRKTEcMEBETH 5, BEEDOMEMEIL. §5(1OmL,U:$’\J$‘FHL,
TW3, EBEEEMETIE. RATIOcmORERIEEDEBEAMA RO 5, M5cmDAETNELMHIHEERT
25, HEMEIF VR EHTI20mULEIEERLTEY., MHEDREDEBEEFELV, BEFKELIME~F
ENEETIE, MERBAIARTIEAREICAEL, BERINAAGEIRCELAVERILAZYLTWS, 2D
HETIE. AR TIOcmEL EDILAIREREDOHMEMBLI MR TE %, AmLILTESR (T, SRENHE L RE235HR
PRDHBMRICEWVWTIE, 2cmBEDATNAELTWS,

(2) FIER AT ZALTEER : 1EF100m,. RS 150-200mDEEFEIC, N60~75EEM TEREA M4 BMEDEE
RETRDRD 5N D, ARKRTIRIBAEISA > THRALEAEA S IF R > TWARWL, AT SBEET (FERmHE
BR) TlE. KEPEBICHI0OcmDILELDEMMNRD 5N, FEA/NEROILF PRERFED ZE)IER
FICK, BRICHEFNTEREORWHBROMMA RO S5 d, MO IEERXT2MEETHD, AHET
NEMIPRIFENICRO bNZ 221 H D, MEELBEMETIE. BE1755 %2> T, NE-SWAHRA. L
=2H1.5mOMEIMTERINTWVNDS, RBRONFROEOREGHNSHETIVABICEU 2HEIZ,. mAaAITIEd
BEES THRAITMBEEE, LRATEHERES TREAIMARETHY ., LTFEMOBE N ANED BIRHN L
IThERY,

(3) Bt/ & DHE ¢ IWINET ~FEN ~ KIEE ~mEEN ~FERm AR OMIEICE W T, EFOHEZRR
ERET L7z, FHII-BRAMBEEICEVWTIE, EA0BEXTHEIRT 2 LD AIERISRBRVENLH -7
ZEDFERTE, BADOFMBNSIANEIN D EMEOREIXNI LK ARZH, FEAE (KEEHTSE

~ZHlk) BEICBVWTHBUBRERRELARDLIICRZAE, AMEBENOBEELERTHZH. MERAILT
AR TRERADWHEEBIFEILLRV, LRELAZARMETIE, HEETKLZHEXEREE>TWVWS
B IBOTAREREDERVWTEADERIIAOSNARY, £/, BIOREBICHEERFEITARV, AKAE
BIZBWTH, BIRELERITIE. ERAPREBICEIL > HEI>RL,

3EKDOE - BIRHDKEA

BERAETIH, BAMEAERIC. AT NEMOMEFRSNH -7z, ZOMEMBILETIE. REOHEEY
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ARFOABERAEHEETHY., EXOBTIERINTWVWDS, Ik, MOWEFHFWERICRELLZE
ERLTVWADTHY, ZVWEIADSBEFNREL TCVWITEMELEV, HHII-BRAMBRICH D Hhis
ICBVWTEH, ARDIBEITETH S D,

FIBR A ILT Z OALTEERICHIR L BEELBRIE, —EIREBICA > TEmMICER L TV, ZTONREICE
LTid. HhEENC K 2MBBOMIRE LW o 2N BIEHINTWS (A - 2H, 2016, EEKXKR) . LH
L. LRRLAMREIRBORBHMBEEEELTELT. KFEKRTIY LIFRORE & B KM ICEEN
W, £, COMBTIIEWVEEEREIRELTELST. BEIMCL2MBEEIH o/ &IFEZICL
W, BEHAHEMES ML, 1983%FBorah PeakithtEM7.3 (Crone et al.,, 1987, BSSA) 19874
EdgecumbeitiZEM6.5 (Beanland et al., 1989, NZJGG) R EDBN THRE L IEMBEME I D thEB
DOFEEELLTWS, MEHEALTFIAERICEVTIE, KERERICRES 2 EDOLBWVKBEMICK > T
B INEELONS,

AH. INAREES (2016, BAERSERHRNR) TlE. FEHILT FHLAEBORE, SILDOERH H1~2kmY
FORBHBN—FER>TRIAERE LA EDERINTWS, Ihid, LEEOEREFETZEDTIER
W, BIARBIDRS & RDMHED, MTEXMBOMBEMICK > THOINTREEL T,

F—7— R EWE. AETNEE. EE. FEXNE FE&EHILT 5. 20168AME

Keywords: earthquake fault, right-latera fault, normal fault, Kivomasa-kodo, Aso caldera, 2016 Kumamoto
earthquake
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201 6EFEREARME IC H (T 2 MIBAT R E i D th EENE IR
Ground motion amplification on heavily damaged zone in the Mashiki
town during the 2016 Kumamoto Eartuquake

kgL R BT, FTEHFH
*Hiroyuki Goto', Masayuki Yoshimi?, Yoshiya Hata®

1. REBKR R KRN, 2. EERESEMHRA. 3. KERKZE
1. Disaster Prevention Research Institute, Kyoto University, 2. National Institute of Advanced Industrial Science and
Technology, 3. Osaka University

F28%F (2016%F) BRAMETIE, BXEERZSO150LBOANKE, T L TEEYCA V7 kR
FILEZ K DHELNH o7z, BBARTTIHB000RZBAZEENLIEL, RTEHREBMETIZZDHIENCHEET
22700 HF WA ERE L. BRIV R LABEREICLS L, BRAOHEMTIRIBMEEEDAKE
FEDHAS%D KA - BIEL, F/-2000FLBICETONLREFELSTHENMEELTWS. DL BREKX
RFEN WA OHEICES L TRNAERRAICOWT, w2 GHAFAENMEDONTE L.

HIWBT DR EEFIE TIIAEOMEZHZENESNTWS (Hataetal, 2016) . HEERIFORHN TiLtks
tERBE, BAFEERIMDEDIMEEREARY NVEBEICENRDONDZ EH D, BYICIERL-thEE
ZOEDHERDZEEZ LN, HEERBIIEREICMHAET 2D, A=YV J/HRE (FRM, 2016) IC&3
EHBAMUKRER T, BRIREW, RIKREWEISOMIZEHTEL TWS. Gotoetal.(2017)IxR—1 v JHRAE
BRICEODWTREBHBETILEERL, DRTHBISEMIT AT LT, BEBRATREEINLZEAED
MEEERBIFICEIR LA, Gotoetal.2017) CIEAEDHEFZBIRT ICHRY, TENEBETEA—DHE
FNANLEETRREEAS WL, 20D, HEHOBRERNMALEL LV ETIALIE, HEBORHAT
FEE—DHMEEGSIRBHBICASF LAZEEZIONS. ThbhE, REMEOEVWHIMEEGSDEVELLDS
L, OLWTIHEYHBEDEWEELELLAEEEZILNS.

IBITOHER, MBBMBOOTHKEFRICK > TREMBAIRMEL, HBOSEREKHOE—7 AN
THAHEICHS (RABLE) LTWwWh., 2ok, REMBOIFRTIGE DEWI’THMHEDMEEIK S % 858
SHAEZEILEST, WELZBLOLTLIOAMEBEEBDOEVIBRAELCLLEEZIONS. iR, KREFUCER
WEPAEDER (B, 20172&) IC&2E, BEETHORATREFEDEVWEILET S &IFHL L
LO2TH2. WEZHLLOTLIOAMBOREEZ, FRIICEDE D ICED LIV SRDEEZLHFTETHSHEE
Z%.

F—7— R : 2016FEREARMME, HhAXES), ZRINET

Keywords: 2016 Kumamoto Earthquake, Ground amplification, Mashiki town
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201 6REAME THOMKREH L IHE
Clarification of the relationship between the damage distribution and
surface cracks caused by the 2016 Kumamoto earthquake

RO
*Tsuyoshi Haraguchi'

1. KERMILKEREIREZHERR
1. Department of Geosciences,Graduate School of Science,Osaka City University

2016 RRAETIZ. BYDFRHEE ILEMEAWVICER L. HMEBICEELW, HRLGMREMHNIE
hic. AERTIE, METEHENCHREMEBEICOVWTEANLELZTRL TERY 5.

SEMTEARRE S N T Wi BTE B (C (3. BRBR/QIMRMMEMBNRE N/, MBEALIC L 2R CHED
WiENAONS, LAL, BERLABYIZAV. RBBHEANHIE LICEEOEVWAERETIER. BERED
ETba<, ARLOERERYNIZSROoNS. hRMEMBRI 7Oy /FEEMIE, BKELE, LHL
EEORERIBMBETH 7. BEMETHEDXRRNARRYME &G0, mhiCIE, hRMEME
AN, BEROBEPEVEROBEVEVWYRLON, EXLEMERFZARL0cm THEAICED > THRBT
%, L L, RMWBEMBOHRMUE E FERERILTLE—RLAW. WEALT RN, EEENTRE - 2
NIXTHHMRMBMEI RN, MMBO—TIIBYZRMSELD, BYWIZERL VWAL, S S5ICHER
TIF, EMPRIEMEINARELL. MLSE. RIBVORK, FE, HADIMX TRET~2kmIUE D
70y IR~ BEABEAN2~EmBEIL 2 &%, BT MUVERNSBELMI Lz, MABXOMEREE
HR, HEANOETOESHNIOMICEEEBZHEIA L. HEDFETIZ, HEINEDEETIE1940FLAFTIC
BIRRAMTONTWAEDIETHS. INHZHRAET S, BWRLHFMAMESICK UIREME - LTFL
R, RINOTRCHAKMEE RZB)EFToMBTOY 7Id@EtmAOHBORZ AR RY, HEBICK
DIRPMIILER T 2 I A > TR/ L Hil T n 5.

DEDi@Y, EWEASIEHE I LA ME TIHIRRN RS BEREICRNAL. LAL, WEEML
ICEBHEICEB TN, HEIBOTRENTH D I EDEHNSREINE,

F—7— N : 2016FEREARME, EME
Keywords: 2016 Kumamoto earthquake, active fault
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201 6FREARIMEDMEMBE DD BN ERERE
Geometry of surface fault ruptures of the 2016 Kumamoto earthquake
and house damages

‘il &'
*Takashi Nakata'

1. EEXRZF

1. Hiroshima University

2016 FREAMEI, F& L THAMORAII-BRAMBOILFEDEMBOBEEEICL > TElIERI I N
HEDTHBD, EMEBIRBEINTVWAL >ABAAICHBEZLRMEMBNAHRE LA.COMEDEHD—D &L
T, BEABBEEIHEMBNSHE X — MLUROHEETRELZZ EAEFOND (BEE, 20174) &
WETIE, WEMBOLGHREEMESOLIHEOFHRICOVWTENRL, HRICEVWTHERNRIENDOHRKLES
Fia BB DDA REE LICFRT 2FEERNT2ER LT 5.

REAMEDOHEMEDDHICOWVWTI, XEHEREF—L (BBEM, 2016)PEMRMM (Shirahama et al.,
2016) R &EIC& > THeHOLNTH Y, HHINMBILEICA S ABETNIRE, FHIIMEDOEICMEYT 2H
J OB E ISR > IEMB OIS, KB ERRA S tSIRET AT IC AN THEE T NBTE X R8T R S
EFEICHRV B ETNETBA NREEICH A ICHIB L. 512, mA/IMBOILRIERIOmEMAEN2)ELT
IXABTNUTB P EME, MENLT oA OEAmICET 2 ZElkithES (k- ithEf, 2001) IH->T, #
LTS RIEFERETIIERDOTEITT Z2EMBN S ZHE, KENSET CI/IVEELMBNAHIRY 242
E, ZRTHEMLOHMEMBNRD SN,

ERNICRZ L, HERFERENMOEIHIZIFIEHEOENITNS K BRYREBHENNSCAZ WD ER
DRHLNDD, MRMICH2 EBERIFOKRZRREHRS I HTMEE L & MBEICHA > 72 WEEICR
E-EhI2.0BEMMBOTNICL2EYRIETHY, HEMBELICHEL TWAREICEENICEDSN
DI LT, BEITHMEMBICSA > TEZICTEHERDOONZRTIFAL, HBEALUMK, mEiUEHAaE) [
X EDEITNEMIEH T 2HMEMBORGEICHET 25ENH2.20D LD RIBATIE, HEME S IFIF
—BIHERICEVZHZ DEBRI|MEFNICHRICHBLTEY, NMNEELR TEXOF] HdWE B8HE
FH] CHEZADFVEBETERARHESEIEFMNICREL TV R.AHIIEE L ZhH SHIRT 3 HERTE
&, WBEEREMENOEEIICEN > TART Z2FEEBKRERLTSY, FHEM (1998) OEIREETR
ETNICHIELT, ThSDBREEFMEBTIET A LI T 1 ET 1 MRICK DHMEFOEIENIERI 27z EE
AbN3B.LHL, 2O BEBEHRIEBRREIE, MEREENSRRINCZERBREOET IV (FEBKZM K
Z0Rf, 2016 - BRI RMEAT, 2016%42&) E—BL TUWAWEEIELET 5.

SOOMET, HEIEOHEMHBDLETRKEZREMEENRE LAZRBAIFRLSN, HEODRIDA
REMN>HBFICHEINIAEHT 2EBEOERNAD ML —RATIE, BEETHEDIEIEL AR E R
Mo Znid, BBRENZRAL—XIERELZZEABRLTVWS.CNICH LT, RIBEFHRADA E D
EWBHI AT Y T 2R EMBOGEINEEINS L 5 RIGAATIIEMHREHNIBILSL, HMEFHBHBICKE
KIROT-AREMEDL H 2.2 NI LT, EEThEMEH D MEMBEN DT 2B TIIEMEEHIRFICKE L
EWDHERIFEBRS SNh - 7.

—7, HmANMBOEICETT 2H / AMBREDEMBEMI R L ZhEMHBICH > T, MBELA
BRITIERYDOEIZEIIEDSNT, TNODMBICH > TIIRIENAREEIIRE L AN >z EA 5.

EMBEMHIEH T ZMEMBIZ, MEHIILT SHRVWTIEBLEVWVBHRE 2R L TWE.22TH, MBELD
REWEZXEZETHI I MEHILRWNS L, MBEEEOEMRTEEADEGEHBMTH S I ENHERIN
TV EMENEIIMBXDOERGEMHEIRELZEEZOEO I 7HVIERTE, BMEDOFETT SIER
BHOHMEMBNER L/.22TH, HMBHRICHI REBRSEEETH 2D, HEHICL ZREHREELL
BB TH - 7-.
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ZDEIIC, MEMEBICA> TIHBWBEIFINRET 2HEMEZITRVWEI BN HY, TDEMZMED
DEHRKDOHIEEHEET 2 ENTRETH DI e b >k e, BERLEYHER, HMEWEL,SHE
A= MIVPADOERWERICRR T 22 &5, RRNQBIREIANMEMEICO > THTOEREMNSREL
TEEBEABIENTES.

F—T— R BEBE. MEOOHMR. RERS
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REAMESITD ) TPILY A LAEEHE -SRI SN/ RE—
Real-time Damage Estimations for the 2016 Kumamoto Earthquakes
by J-RISQ

A R R LT, BB AKX MEE—". ~E Fa°
*Hiromitsu Nakamura1, Hiroyuki Fujiwara1, lkuo Takahashi1, Naokazu Momma1, Yoshinori
Homma?

1. B ERMARAN, 2. ZBAR—R - Y I IIT
1. National Research Institute for Earth Science and Disaster Prevention, 2. Mitsubishi Space Software

B SRR Tld, BRI / R—2aVEETOS 54 (SIP) OB TLY YTy MBS - B
Haenimib]l ICBWT, KEREBRODUHANHDOEBRRAELZEFICET S I AEMEL T, KHEDELD
RIEEICH- 2 REDNRE LAIBATERELEAE ) TILIA LICHE, RREIBETZIE52T8EET S
TIVE A LWEHE - WRIBES R T LORRAAFEZEREL TS (LT, JRISQEMYR) . AFRTIE, &
RKEE7ZERI L2016 FE4814BDOM6.5DME (LLF. M6.5MEEMR) KU, 4816BICRE L
M7.3DHE (T, M73MEEMER) ICEFZ ) TILIA LBEHEDRREFEBICOVWTIRE S
%, J-RISQIZH T 2 WEHTEICHBERADMESRL., EEHRME (K-NETRU KiK-net) IZIIA T, #AAH
HAEPSRTFOAEET —9EOHEH T —95ZEL. HENY—RRF7—Yarv i WRBEShTWSiH
iR PR AR E LAALEMBETIVICK 2thBiBERAFAL. EE. FANEE., FF
B, SHBE., FEIGERARY MLED250mA Y ¥ 1 TCOMESDHAHEET 5, COLIICHELL-EESH
=H &I, B, ®E. FEBIEBEAO2FBLAAEEBEAOLZKRD S, £/, #HELLLHWESOH. B
= REH - BRAEERLAZ2ERYET IV (2E#H5,6005OBEM A ETI/ILE) 2#FAL. BEMHEEEN
HHEALTSIET250mA Y 1B LUMRANEICEE LB ERE P L BRBEOEYHE %
DTILGALICHES 2, BB, ThZThOBEREHIPHEE ICH L TEROHEEEHREZERA L. Th oD
HEDEICE>TEDDONY—VDOFE=BERAL, HERBRICEBZFALAE2ZEZ2HAATVWE, INLOHE
HEIE, BREEIREULRMLABESICAEBEAREL, 1HEICH LEMONIET 2, F1RITHMERDE
BRIDEELA, RRERITHERAOBERQISHOERELURICHERIEMIEIEE2BEELTVWS, 2THLTE
5N T7ILYMLHERBRO— HESEIHVCEEBREAODS) & [-RISQHIEZEHK] & LT, #i
EEULAZSHALAAHEICH LT, HEREERL YWEBLAREZIT>TWS
(http://www.j-risq.bosai.go.jp/) « MGE.SHEBICH W TIIBEBREH 52971 ICJ-RISQITET1IR & HE
L. M10DRBT7THRERE L, HEHIICIE. 1091HHAOEET—9 %AV, EEBLULOEZEAONK
628N, BEECRULOEBEAONN29A A, BEVHEEHRERBRE2FERBINOT ~1 H4THEE. FIEF
BUIHNTF~3B3THEETH 7z, BUBREONHE L TE, STERORAL SBBEI =R ICHAT TR
T 7km, BIkmIEEDOHIRWEBICHEIEFTIHERTH o,

M6.5#hE M 5 H28BF % ICHRE L /M7 3ETIE, thEREHL SH2MRICETIREREL. WIT1OET
SEIAERIE L7z, RIEMICIE, 2389FA=RDT—9 AL, EEHEULOBREAONNII3H A, EE6GHHLL
LOBEAON/KGEAAN. EMHEEHEERISSEREHNINIB2 T~3B1THEE. FEEHINTR
6F~7HIFTHRETH o>/, (BRICAFLABBIHEERVBARNNGOEET —¥ 2Nk L CHHEES
To72& 2%, REFHHINIH6 T~3A8THEE. FEHEHUIN1 AT ~8HSTHIEEE) HEOHMmEL
TlE. M6.SHE L RAOMBIKICINA, BATORRPCHRRXEDLVEE TEMEESHIZ WIEIKE S
oo INSOWERBRE., BAROHERELME - b (FKR) OEHEEZHVZEYHFHEOERE L
Y 5 & EMMNAEBOHIEBNREST 52—HT. HEOERFEHESLBAKXICTEML TLWRERIPR SN
foo E7oo FIE - RICK 2 EMESHETHK LZEBMAM7IHBICE Y I SICHERENET T 200°% 8
Ronfk, SBRINLOFELRFIZAHEBECEHETINIT) TLOBRRETIFETH S,
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ARRIE. MERZRM - 1 / R—2 a3 VRBOBKENA /RXR—2 3 VARETOVSASIP) TLY) TV K
REESE - B HEREDIRIE] (BIEEAN 1 IST) ICK > TERS N, £, HARXHARRISKRTOEE
T—YRIETLIVRBLTEVTWLS,

F—O— N BAME. YTILY A LEEHTE. J-RISQ
Keywords: Kumamoto earthquake, Real-time Damage Estimation, J-RISQ
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2016 EFERRAMEDRIBRELICH | 2 %E0 - SFEHRSHBETIILOEE
Modeling of the subsurface structure from the seismic bedrock to the
ground surface for a broadband strong motion evaluation during 2016
Kumamoto earthquake.

g B, ME. BHE. Ras. mEETE. HEL. siE EE. AW AT, LH
' EE T A Ees BRE KT

*Shigeki Senna1, Kaoru Jin1, Atsushi Wakai1, Hiroki Azuma1, Shohei Naito1, Nobuyuki Morikawa1,
Takahiro Maeda', Asako Iwaki', Ryuji Yamada', Shinichi Kawai', Hisanori Matsuyama?, Hiroyuki
Fujiwara1

1. B R RMRFURT. 2. INAHE

1. National Research Institute for Earth Science and Disaster Prevention, 2. OYO Corp

1. XC®HIC

FR28FRERMEICE W TIE, HATICH W TA/14DHTE(Mjmab.5)&4/16DAE(Mjma7.3)D2EICH
o TBETZEHRL. MBEEDEESZICASAKREERIFLE, EEEEYREOHHICEVWTIE, B8
L ZABEDBRMEIE)TEICKENER L TVWIERIEREI DY, MBELTH> TEHEN DA
WIBATP. BIBEDSBEN TOWTHEWEN BN KREZQIGFABMRINTVWS, INHDRKIE, HBESICE
H¥ 2RI EVEDIERHEH 5,

ZFIT. BENAZVHIBEEOEATLST 20 & LEtEIcEWT, K=Y Vv IT—9DINEIC K 2447
HMEETILOEBE LU, MEERS L CESARZONEICL 2SEEERBETT I aRERMEET
IWEREEL, BYEESHEDLE - Mit&To7.

RE, MBEFILOEEICEWTIK, REFSIP TLY )Ty MK - Bt o® M) 7Ly 4
LBFEHTE - KEFERINE - 947 - FA AT LA OT7—<D1D2TH MEHSHEDLOHDOHT
BEETIOEE] ICBVWTERLTWS,

2. F-IDOPE

R—) V0 F—=FICD2WTIE, WNBBRBERAE T — 9 N—2 (F1R - B24R) . BEAES L OHERAS
DIRHt, BEATMEE, FH28FREAMEERTIER—) v /VEREBAAEY A MDOF—s 5 IEL
1= MEBERSRFICOVWTIE, BEAEODEESOMERK T — 92 INELT,

WEERICDOWTIE, EICTEMNEBE(Vs400BE)ETEBRNT L /R T, HEEBE(Vs3000i2E)£ T%:
$Z800m(400m,200m,100m,50m,25m), DAEDT LA ICTEREL. BT L A 8RIE,. 7 L 1 #ZE60cm
D TAEBNT LA $LU1L5M~T10mBD BRFRAUT L 1] OHEAEDETEELTWE, ThdD
B, HEEBASR (K-NET, KiK-net, BAAREES S LUKKRT) MEPRABLEAETERELTWVWS, 7L
A 1ZH5kmRERELA T26 R, BT L A (E#8TkmREkE (25K ET E01d100~500mRERRBLAA) #9500 5ic
BWTERELE, BRME LTIE, — AR ERMEIEEMIUATI0YEB VT, $1~2km BRTRitS
159BOBERMET o=, Tz, YV 7)Y FEKREIZ200Hz & LT,

3. SEEEBERNT (ET/IVEE) SLUEROBE

ARET OMENRITIC DOV TIE, EEDOHRITERR - BELIN TV RBBREFEZICLY, 1XRT
SEEEBEDTMEIT o7z, BWNT LA DBITICDOWTIX, WERFTY 7 b [BIDO2] 457 NEUHENER
By 27 L) YEERVWT, H/VARYS MULES S CRBEE &K, HEEIROREZH(SPM)® 6 & U7
#r(Pelekis and Athanasopoulos(2011)”# & tfArai and Tokimatsu(2004)2%) % 17 > TSIREEHEE % K
o 7 LA DEFTICDWTIEL, SPACE & GAS & UArai and Tokimatsu(2004)#5&ICLTW5, EFTILER
ICBVWTI, TRESKEEBSC2ATSKEEBENES S ORETESHFICT, PHPMEET VL
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B-MELALT, SRTHMBETIVICBALTVWS, ERLAAHBETIVICE 2IGERITEREFICLY. 5
ICIRBET DR E LA DHEEHIIFICHE WT, 1.75Hz~3Hz A R T HIHIC T2 DEIENS

<. 1.75HzRMOHIHICIZ LB EN DLW EEL DD o7z, 7. 1.75HZEK B D HI TIFAVS30H
100~180(m/s). 1.75HzEA ETIL180~270(m/s)TH Y. B IBIBERIIFTEDADKRE KRB D, EED
BYREIBREOANKELL R >TVWER I NI o7,

4. FED

AR TIE, BAEFRLICEWT, K= v IT—FICEDWEMEET VAR LAELT, MERNS
S UHEBRATHOSNLBITBERICEDE, IRTSKREEBEET VM L7z, ERLABBETILDOSK
REBESHPCEUEMHSMEHESMOBMICIE—EOHEREAN RO SN D, LMrLALS, HBBETILZHAWL
TRREBEEICL 2WERELZITV. BYRS AN LEREZBSICIE. FRPELZERT2LENDH S
EEZD,

e

KRRIE, BERZRM - 1/ R—=2a VREBOSIP (BN, / R—>avAEIOsS46) LYY
NARRRSE - SHSSASREDRRIE ] (BIEEAN IST) ICL > TEBEINE Lz, EMTORBKEL., (k) ¥4
ZE - UH—FORAERBEL. BRNKZOERZAFIZICIZ. MESANT—9F2EHRHBV LW, L
TREFWAELET,

BE W

1) PABE—, BRILT, ARSES, ERKE, TR1EZ, ILBEW, BOEE T « THR28FRAMEICE T 5
FHOEESHEEYREORAR, BAMEIFRFRAR, 01-2, 2016.

2) Y.Shirahama et al : Characteristics of the surface ruptures associated with the 2016 Kumamoto
earthquake sequence, central Kyushu, Japan : Earth, Planets and Space, 68:191 DOI
10.1186/s40623-016-0559-1, 2016.

3) TR 28FREAMERAIIER—) vV VERRRR LAY A
k : http://geonews.zenchiren.or.jp/2016KumamotoEQ/index.html.

4) Shigeki Senna, Atsushi Wakai, Kaoru Jin, Hiroki Azuma, Hiroyuki Fujiwara : Development of
cloud-type microtremor observation system, 5th ESG, 2016.

5) Ikuo Cho and Shigeki Senna : Constructing a system to explore shallow velocity structures using a
miniature microtremor array - Accumulating and utilizing large microtremor datasets
- : Synthesiology, Vol.9 No.2, pp.86-96, 2016.

6) Cho, I, S. Senna, and H. Fujiwara, Miniature array analysis of microtremors, Geophysics, 78,
KS13-KS23, doi:10.1190/ge02012-0248.1, 2013.

7) Satoh, T., C. J. Poran, K. Yamagata, and J. A. Rodriguez : Soil profiling by spectral analysis of surface
waves, in Proc. 2nd International Conference on Recent Advances in Geotechnical Earthquake
Engineering and Soil Dynamics, vol. 2, pp. 1429-1434, 1991.

8) Pelekis, P. C., and G. A. Athanasopoulos : An overview of surface wave methods and a reliability study
of a simplified inversion technique, Soil Dyn. Earthquake Eng., 31, 1654-1668, 2011.

9) Arai, H., and K. Tokimatsu : S-Wave velocity profiling by inversion of microtremor H/V  Spectrum,
Bull. Seismol. Soc. Am., 94, pp.53-63, 2004.

F—7— N BEHTFH, SREEBESETIN. BBTLA, F—Y2IT—45, SHEH

Keywords: Strong motion evaluation, S-wave velocity structure model, Microtremor array, Borehole data,
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REARHIE (S D R ERTE & BB & DR
Relationship between active fault landform and
surface rupture accompanied with 2016 Kumamoto Earthquake

“HER R

*Yasuhiro Kumahara'

1. AERFXRFRBELHRR

1. Graduate School of Education, Hiroshima University

2016%F 4 BICHKE LRRAMEICHY, RE30km%E I A SMKRMEMES, ChFTEMBEL L THRES
nTWHmAII-BRAMBT (NLINDOEBE, 1989 ; FH - SR, 2002(F») (SR> THRELKL. LHLE
B, BEDEFBORRTH2HH)I-BRAMBEFTOMBHFIL, EECPHEMTZ2REAY 578, ZHEERIC
LBMPHFETIE, ThETHZICHLNMIA>TWAN S, ARERTIE, FHAMRKRMEREDO ML —X
EHEIC, 2mT YA IMERET I (DEM) ZFEAL T, BIFEOFEMBF ZBHES ML, HMRMEMNE &
B DB = RE L7,

HFRILEME DD & T DR

REAM A ICH T2 —EDOMEFETIX, 4B14BICMj6.5DME GEX11km) AR E /228K IS, BR%
BAEKEERETHBIM7.30HE CES12km) M TRE L.

[KE] ICH-216HDMEICH S HhRBEMEIL, BEIFOEME CTH2ARAMBILIL SHA)IKE P
HOBISA-> T, FIFERNICEL, ZORIIEHITkmTH S.

ZL DR THABINEMIRDO SN, RRATNEMEIBBEEETH2.25mTH 5. mAJIIEEBAL
DETENMNIZ, EETIEEAAILEAY, EEBTIHIERALELAY ERSZ,. ETFEMEIFIRKRKIMTHS.

FEEA D S fERA R ILAHE T, FRAIIEE D S M2kmERIC, WmAJIME & ETICEV S H / OB, H
Y, H/OBICHA > T—EHMAEEMTNEME# D LFEEEDEMBMEENM (RKA2m) NRDHLNZ. AL
T, BEPLBRAEITIhEY ZAOMBICHE L TIHEESDEME LY ADMEHNED SN 5.

ER-BEAERAOAEITNEMEZ L DMRMEMEHLIET T 2EMT, LAE-EREADEWVEEIRD S
N, PL—RITA>TETNELMIBRD LN, E-2MBICHTI2HELMECTHS.

THEEHFICEODVWTGEMBO ML —RE2BE L DEMEBHEMT VY <y 7, #HEEMER 8
Al TEMEBZETRL TOWAVLWXE THhRMEMEA —SHEN L. FICHBRTILIE TR, EHHEENLEY
ADBIEETERWVIBICKHE ML —XADHIBE L.

14HOHETIIESRAMBILD (BE-SAXE) PHH)IKERELR cHhRDEMBHIBMZEDELMIE
C%. ACML—RETIAEBDOHEICHEIEM LY KEVWEMD, 16HOMETELTWS.

SEOTNOHEHEPEMENSAHT, BRAMBIIASHE)IEE, £/ OMBOMBEAFKL TE
B EE N SEE L BRiatE 3.

wH)I-BRAME O E i

RMERE LTIL, BEOEFHORETH S, MBRMMHEAZHTRD LN, INTTEMEEANH
MM > TWAD > HHE)IIMTER VT, BRATAOEET NEMIERNICEROONS. —7, EM
BEOH I NEMERZRICED SN, BYRLID ML —IATHEBEMNAELTWEZ ENRD LN,
PIZIE, BRERNRIETIE, HW12TFR0ICER L8R AILTH 5 KRIEXLEGEIRIEN, 1992)D 114K % #
toT, thRMEBMENRD 5N, EFNHEKR140cm, ERAILENY78cmDEMARED SN (K1) . Hik
EME LD, KEREHOFTEPRENLDILETIE, 70~150mDEETNEMIRD O D, FLKIE
KL ILAIFFIBOMBE LYY DEEREM ZZIFTTWS. KLOBMKER (W125%F1) &RBEEME
(150m) #EZ 2 &, ABETNEMOFTHEEMEEIL1.26m/FEEAD. B, SOOHEICHIEMNE
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(140cm) " BEDFETHBEVURLELCELDICELTWS ET B E, T00QEBADFEIBELERY, S
SZF1200FICTRIOEMDPELZZEDFHEING. TS OHREIIX, SEFRICREIEINZRETHS
J.
KT, BEA-FH/IIMBLE%E L CRENLREEMT 25T L, HRMEHE & EMT ORBR
ICDWTERTDFETHS.

F—U— R RBEAME, HRIMTUE, ENE

Keywords: Kumamoto Earthquake, Surface rupture, Active fault
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Figure 1 surface ruplure with displacement and cumulative offset on the rupture in Oomine, Nishihara.
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8 KA—/S—/\{ EY 3 VOB, HHMEADER : 2016F A4S
ANDYOF: 85

Utilizing 8K Super Hi-Vision for Disaster Mitigation and Geosciences:
reporting from the 2016 Kumamoto earthquake in Japan

yilinliy
*MASARU YAMAGUCH]'

1. NHK BARBERH S Bk LR
1. NHK Japan Broadcasting Corporation,Broadcasting Culture Research Institute

NHK (BXBZERS) &, HFEICHEEIFTT20165E8 A, 4 K/8K: SHV DHABRBEERIA L -, AFEXK
T, WITDONAMEY 3y (2KD16EZOEFREME 257D 8 KEFMiA, BuELIF T KELHIRRIZOMITIC
LEENTHEIEE, VE— MYV VIR EBBEROED, SESHNMIT B,

NHKIE, BAMEOREERIC. MNIDBSKHXAT (2kg) ZFEV. RERFEELZIFLEMEAVD
ERET o1, TOMBREFMBEOHRENENT LIZHER. ThETRKERL > IMBYPEHI/IER SN, %
DERIE, NHKOBHTHRESI N2, SKIUEAFH T, KEQHIERINAT 41 TOHRTERINE
DTH3,

BKAXAZIE, HEYFOBHAFTEIOOMM SRR, ZRAEELYE “SEME" T 4 KKO—YOBYE
&YUL “CER" TH?, BRI, HBYPRBRIEGE, SEFIXTLKBEOFTHDOKL WK - BK
SEASHAZEING, —ADEYD “BNE” 9N B 8 KERUKIZ. AIRBIvIEsR, —BEMIC T & RSP =
FHOERICEBAWTH S, /o, 8 KERIE “ROMUR” LOTHARADIRRLB/OND D, REEIER
TAEDEZETE, BT — 923 DETIAPEERBEMH O WICERTZZEEAETH S,

BEXH : [8KR—R—=NAEY 3 VOBSSERDOAREMN] BUEMR & AE201748

http://www.nhk.or.jp/bunken/research/domestic/20170101_07.html

F—O— R FEE., SKRXA——NnNAEYay, YE—bEYIVY, XF 47, NHK, K=

Keywords: active fault, 8K Super Hi-Vision, remote sensing, Media, Japan broadcasting corporation,

disaster
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MEREBLURICEAR R T N IR E R FE RO
Estimation of Slip Velocity Function for the Region Shallower than
Seismogenic Layer

*Heh Eh', BB AL AHEZ=]

*Tanaka Shinya1, Kazuhito Hikima?, Yoshiaki Hisada®

1. REZEHMARH, 2 REEAF—ILT 1 V7 AR, 3. TERKE
1. Tokyo Electric Power Services Co., Ltd., 2. Tokyo Electric Power Company, 3. Kogakuin University

1. IXC®HIC

2016 FREARME (Mw7.0) T, E& LTHENII-BRAMBTIA > LEVWEHICHRMEMBHIHIR
L, thEEFC I VI ATy FICLZ2BEMOHEN R SNz, FBMBIZKEETI2EEICEVTIE, HFRH
EMBLEICSITZHMBEIC 7Y VI RAT Yy TOFHIBEEEZ SNDG, MKRMENBELEICEVWTHES
HMAETHIBE, BROFERICEDCAZEAVSLIENEZONSED, MERLEBLURO TR FERKZRES
BICET MBIV WN, —F, BIEIED (2015) Ti, 2014ERFELLOME (Mw6.3) #RRICER
AVN—=U 3 VEBRETVY, BROFEREXME TIRY BZEFBEROMRIRELIREERHLTWVWS, &
Z T, HhRMEMEEEOEATLHRKE ERVBIERZ BV THEREBLURIOER AR TN Y ERERFRH
B OEZ1T D,

2. 1999FEEMELE TR E L5

1999 F S EMEDIIEEALER TIE, MRMEMBIAFZICSVWT3DDOHRERNMELNTVS

(TCU068, TCU102, TCUO52) , TMKW, TCUOG8ETCUOS2Ix LA, TCUT02IZ FHBAITHY, W
nEhRMERBE S S 2kmIEELINDEREICH D, £9, H1ITRTWuetal.(2001)IC & 2 HBFTETILER
WTERMFERICLVERRHKOBRZ1To7-. BRRHKOBREREZM2ICTRY, FHITET /LI, L8A
MDTCUOG8 ETCUOS2DERBIEEH A R < BIRTETWS (casel) . 7z, BRAIREEDNMIE (RXH

10kmx1@6km) AIZEHRIERIERTE S (case2) , I HIT, BRIEHKICESNZ 7Y Y /NILR EEE
RIEEOD/NNIBOITARY ZERBERBEHIIRSHUTWS Z &N 5, BBIREED/NIBDOITNY EERBEREEH,
5, IR FEFEBEHE=ZAFEHTETIIETZIEEHMI (case3) , TCUOGSEID/NTE DI
AT RYE8.2mICH L T=AFBHOIEIZ5H, TCUOS2EADD/NMNIBDFEHNATRYEI2.1TmIC LT
=ATBEHOIBII7TH EEMLE. =SATEBRTETIVELEBETH, BAREEAsR(BIETE I E0E

BTZE B,
—7, TEAIDOTCUI02TIE, REREIEMTHY, I EFEFEEROBREERS, £/, RERK
HIcBWTI, SASREONMNMIBNNT LEXENEIES A AW, Nk, HEEOERANI EEAR

ZEDS, EBRALYETRADEMENNIVWEDHEEZONS, TDI EIE, HRMEMBIEEDERE
BOHDD, TRYFERBEEBERODDIEHIHELWVBE’HDIEERTLTWS, Tk, hRMEWBER
EOBRAEZERAVWTEREBTZTo/HETEH, MEEMOMREBRRDMEBRKRICE>TIE, Bo5Nd
TR FERFERBOBEMEVTREEEZEZO5NS, AH, TCUT02ICDWTIE, RAEO/NE DL
FTRYBI.6mICK L T=AFEROIEIE6H ML, SREEBFTOERAEZBRTES I L 2BRAL-.

3. WEREBLURICERARER Y AV R E R EREH O

AR DREFERZEE A, thOEICOWTE, BAREEONMIBZRAWT, BARKE, »2WEERE
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Figure 1. Slip velocity function by Wu et al.(2001) near strong-motion stations
in the northern part of 1999Chi-Chi
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Figure 3. Relationships among slip velocity function and slip in shallower region than the seismogenic layer
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A study on modeling method of active faults with surface rupture for
strong ground motion evaluation
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Ground motion amplification obtained with microtremor, aftershock
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and borehole measurements in heavily damaged zone in the Mashiki
town, Kumamoto prefecture
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Relationship between subsurface structure and large-scale fissures in
the northwestern region in Aso valley caused by the 2016 Kumamoto
earthquake
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Sciences, Yamanashi University, 3. Faculty of Engineering, Osaka Institute of Technology, 4. Graduate School of
Science, Kyoto University, 5. Murao Chiken, 6. Ohta Geo Research. Co., Ltd.

In accompanied with the 2016 Kumamoto earthquake, fissures with the length and the height a few
hundred meters and two meters, respectively, emerged in Aso valley (inside the Aso caldera). In this area,
the top layer consists of sediments in the caldera lake created by Aso-4 eruption with the thickness a few
tens of meters. INSAR and seismic data show that the region with the size of 1-4 square meter moved 1-2
m northward horizontally during strong motion of the mainshock (Fujiwara et al., 2016; Doi et al., 2016).
We investigated the mechanism of the movement of these regions by estimating subsurface structure
beneath this area.

Two station spatial auto-correlation (2ST-SPAC) method (Hayashi and Craig, 2016) was applied to
estimate subsurface structure using ambient noises. We succeeded to estimate the S-wave velocity
structure to the depth of 130 m in and around the regions with fissures. In the regions where large scale
fissures were developed, a layer with S-wave velocity less than 150 m/s lay from the surface to the depth
of 60 m, followed by two layers with 250 m/s and 300 m/s at depths of 60-90 m and 90-130 m,
respectively. This low-velocity layer was considered to represent soft sediments in the caldera lake due to
Aso-4 eruption and consistent with the nearby boring profile. Two relatively higher layers might
correspond to lava layers after Aso-4 eruption. Moreover, the S-wave velocity at the top surface to the
depth of 5 m was so slow as 80 m/s. We continue to estimate the distribution of the soft sediments and
lava structure beneath them, to elucidate how fissures were generated in this area.
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The characteristics of damaged buildings due to the 2016 Kumamoto
Earthquake in Mashiki town
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The running photographic investigation by an automobile for
estimating building damages of 2016 Kumamoto earthquakes
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Feature of the building damage of Kumamoto earthquake by
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RKELRZMEAITHZEDD, ALCEEETHEBEBXROR/NERKICENIKREZ L, HHKE., AERN. 5
BT, BRATHARK ERXRUEAEHNONI4ABROEMICOWT, TREOEYBER (K& - 3FKE) U
FER (HWE - HiE) 2/, EMEER - BREROBEEADOHEI & AIRE (HEX/BYHRE) 28
Hlk, KEICDOWTHBE, HMEDHEBIIMNO600FR. FHMEIEH1,5008 s, FMEDANZ WA, FliE
RCIXEMBEOAIW2E/REN, /o, BWETOAEFIERIE, OHERICERTH2ERE W, FERE
ICDWTIE, WEADEEII20ETE VAL, HIMENFEALE DS, BWATICOWT, FIBRICESS
NEERBEENLAEEAKLRD TEMBEAHFTL. BOWEOER BT L, FIENSABEOHEX
DDOEBEHDE, WEKIZHIENH2008E, KEXIZHT,4008 &Y, $91,200EMLTWVWS, /. #®
ENROPOEEOE DEMIZBER A LN > TWD, SOOEAMETIE. HMRICHEMENHIRL
(Shirahama eta : 2016) , ZOMMRMEREHN SKFEHI100mMEBH T & ICHERDOERH AL L. HEK
DEIEREEHRT 2, FEB100mINOEIEEIZHT15%,. 100~300miE#10%TH Y. ZFhIUAEEERF
WRITINE LAY, TkmETIHTI0%UTE A D, HiEE - XARIEE. BERERM - 1 / R—2 3 VREDE
BBEA /R—2aVASTOS S A (SIP) TLY) Ty MK - Bsktaemsait] (BEEA :JST) I
EoTEESIN, T, BEEHEICAVWCHALAREARRTSRFOEET — YRS RFLWRHELTEV
TW3,
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Keywords: Kumamoto earthquake, airphoto-interpretation, building damage, seismic intensity, collapse
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EHR28FEREAMEICH T 2RI b = & BYIRE & DRERDIRES
Relationship between building damage and liquefaction sites during
the 2016 Kumamoto Earthquake

B mTF, kR B BEE LT

*Ozawa Kyoko', Shigeki Senna', Hiroyuki Fujiwara'

1. B REAREAN BRI

1. National Research Institute for Earth Science and Disaster Prevention

THK28FE (20164F) REAMETIX, 4B14HDHE (M6.5) , 4B16HDEAE (M7.3) TRAEE7HE
B, BMARCIMKEEOREZRFEENE U, LETHEROBKIENIRELTEY, WEIRELT
W3, AR, 2EYHEZEOHORREFESOBEREME L, HMEICL 2EYHEEHROESHEELE RZEKH
BREEELTWS, XBETIH, S TICHERERAFERAAANIT > EAMEICS T 2 RRESREE D
EREZBEA, BYRSLOBRZAELLBEREZRET %,

Wb FEEM S DOFAEIL, RMAEE - THEEHHFESTHEREZINEL TITV, TORBERIFEREDLEEA M’
BICKRRIEBEEZITTEY, ZTOIEFEAENBESRULDOMISTH >, TDEESERIULESE WD HhESR
SORBMEIRBEDHETHRE LB REBEE L HRMNRABERIHTWE Z LIFMTHRELTVWS, 5
&, SETHRELEBRREREMER T -9 2EIC, BRCERE%Z, ZEEHIEA v > 2 B3R MEXE % 20
2012 EI L= 3950mPEAD A v & 2 (AUTF50mA w2 1) TERB Lz, TD50mXA vy ¥ afbice 740, Etih
BEREEZOESMEREZHFEEZFEA L TRREMRO¥FEEZBETV, RIKMCEEOER 21T o7, BIRILE
BD50mMA Yy axhory g b, H58004yashot, CORREEBYBET -V EERED
#, RREEDBERERE L. BYHRET — 5 IZMEIEHN(2016)7%FERHL TV S,

RRATHICB T 2HFROBRIEESE GER - JIRMEE) TE, 2FE~FZROBRYATERIEHEPICHEIRIC
HWATHY, BRIKMEORSNABR WAL TIKIZIE—HEROBYMIEZHATLWEIENLEET S L, K
RIBICK > TEYHERBENIREZ AR Z2ERNMT BB TWVWE EWVWR S, BRbEDISE ZOELTOEEIE
FEEZTHLAEVI EHDD, BRREDBEAREVERDNE, EEBITIE, GEMHE ZOANTOLEEREDR
RIELXROND, WRILEBEADTIE, 2F KFEEIEE Vo LBEAKRE VEYAER T ZHENLHL > TW
277, BTLERREEHREEL>TVWEIDHITEAYL, 2EIMRS HEMEERYVEL LD ISRRELT
WEHEHY, BIAEEZTI2LENHDEBbNd, WEWETTIK, FCRINNTH > TLSEBETRRELRE SN
BN, BNICLBWEBIRE L, BRIEOFTSHAENIFERRL TVWENERBHATH 3,

ERK28F (2016%F) REAMBEDRRIL R EEBMBPEOBEROBEICELY, BWIRILICEY, BMEENK
L ZERL’HZMELAH o7, SEOMEDL SIC, EHMERRRNICHEEREMIBOMERIZ, EHEEY
FAEAFERICRO>TVSY, TOFETR, FEBEMTIRHED LTHHREIH#LL, +ORIBERIAFEL
IZ< W, BYMBEE ORENREFANSLOHICIEK, BARRORBRKIIAZFOT—INEELVZOT—YDORE
%, BEORRIEBEBBREISICABEL TV ZENEEELRD,

SE R

1)&af, FR2BFHRAMBORRILKE, BAMEFR2016EKFRS.

2)F5fth, FR28FRAMERICE T2 RBEATOREDH L BMWEDORER, BEAMBEIZRFRKRE
2016.

F—T— N ERR2BEEAME, KRR, BYHE
Keywords: the 2016 Kumamoto Earthquake, liquefaction, building damage
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EHRERHRZEME L2016 FERAMEBEOFEREHRE I2L—Y a3y
Simulation of building damage distribution by the 2016 Kumamoto
Earthquake by use of limited information on real damage

BT &R hi ¥k BR LT, @E BA% MEE—'
*Akihiro Kusaka'?, Hiromitsu Nakamura', Hiroyuki Fujiwara1, Katsuhisa Kanda?, Naokazu
Momma'

1. B REFREEAB KB ZRMARA. 2. KA/ INEEZ R

1. National Research Institute for Earthquake Science and Disaster Resilience, 2. Kobori Research Complex Inc.

1. FLC®IC
KEREBERONEREOERREATETLZIEAEMIC, KMEDL S REEICHIZKENFKE L
BETHEWELEEY TILIA LICHTE, RAE2BETESLIICTZ2E52BEL T, HE#HTE - WRIEE
VAT LDRAENED SNT WD, DY AT Al BESAMEK-NETPKIK-netB EDT—4 A\, HE
REBERICEANASHEES NG EZ4PDIMIE A v a2 (250mX v 1) TITW, FhiaAAE L. 2ERE
OEMETINICHEBR 2 ER T2 2 & TREFB L BERBEOHTEE T 5, S OICKRBOREEREZR
BIEZIET, HERBEEZ LIT2HEICODVWTEHEIEDLNT WD ABTIE, RBRICELCLBEED
B (EWHEBER) & LT, BAMECTESONAEREELNLHGELAHET —d2MALTRETSZE
T, BEHEOEEEZB LI ELEHERET 5,

2. REBEHHRIHEBROBMESE

AYRTLTIH, TTHEBREEEEBT I 2BFICEHBL TS S, BKE EBNEVRRETELSN
ZMBEBEIOHEBBERAVTHEREZHET 2 (AIRFHE) . 2O, BEHEEICAVHEEBD /AT X
Gig, WEREIEREHTETINEINTWVWS, I T, HEREDEYPEBERER DR H DR
ICDWT, EHREBERE 18R ELTHRAL TR XEHITZIE T, EREBREENOHETREME
ER-H

3. EHEHE|ICLZE2HEHEROME
ARETHALA-EREERIZ. BAMEORERZICAY) ITI—DSBELENODEELBVTIEYD
WEABRFICI > THHFELAET—9™ARICHER L, 8250mX v Y 1 IC8 N5 EEHRE DIEHKT
Hd, 2Tl BHRICHERBEZBLIE2FEORNE LT, HFHET—90—HBELUTOHETHELT
BHREME L, Thbb, METFT—9&2HGHELAMEA Y2055, 20U EEFEHNEET i
Ayvak, WIMERSICEDEHEEOI/IL—TICHBIL. EIL—THrS5ELCHOMEA Y 25504
LICHYTY VI LT, ZOHIEA Y S 1 OREFHEMETEEDTH B,

4, Y2l —vaviR
BELGEBELAEHIEES e PRBLERE (2012) OBREEHEAWCEB#EARELLEC
3, HERREEBOWEFERAAEREARTIMT 2EDTH o7, ThiCH LT, FHIEED SEKRLHE
ENFR SN B M5 e L CTHRIBET, MO BENLMEO—fFlE L TRATRX AZZEW, 3. ILBRXEFIR
THHLAEZEZNEFNIOXA Y Y1 DRWEBEREZMET 2. REOBERMICL K BETIHEICEHFIN
Too TOED, WHETDSDH20X v Y 1 DEWEBEREME LT — A TR TDICHEHREN RSN T EH
DARTDICHY, BICEEATRENSDH20X Y Y 1 DEREME LT — A TIZRESHROEEHB/INGMEIC

o7,

E

AL, MERRRM - 41 / R=2 a VRBOBEMNA / RX—2 3 VAETOVZALSIP) TLYYTY b
RS - RS BEDRIE) (BIEEA IST) ICK > TERSI N, T, HARXKRAFRUVSKTOEE
FT—YRERFLVRELTEVTWS,

BEXH
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HAED (2015) @ YT A ABEREHE -RRBES X7 AORERERR. BEAMBIZRFRAEE
k.

**Kusaka et al. (2017): Bayesian updating of damaged building distribution in post-earthquake
assessment, T6WCEE.

*FEIEIED (2016) : FRK 28 FERAMBICS T2 HEHTORESH & EYREOREFRORBMR. BFMET
FRERKIFHE.

F—T— N BAME N IEH EREBEEHTE
Keywords: Kumamoto Earthquake, Bayesian updating, post-earthquake assessment
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Tomographic and gravimetric signatures of the fault system associated
with the 2016 Kumamoto earthquake (M7.3), Japan

*ZHI WANG', Yoshio Fukao?, Ayumu Miyakawa®, Akira Hasegawa®, Yasuko Takei®

1. Key Laboratory of Marginal Sea Geology at South China Sea Institute of Oceanology of CAS of China, 2. CEAT,
Japan Agency for Marine-Earth Science and Technology, Yokohama, Japan, 3. Geological Survey of Japan, AIST,
Tsukuba, Ibaraki, Japan, 4. Department of Geophysics, Tohoku University, Sendai, Japan, 5. Earthquake Research
Institute, University of Tokyo, Tokyo, Japan

A series of shallow large earthquakes with the M,;7.3 mainshock (April 15, 2016) struck the Kumamoto
area of Kyushu, Japan. The mainshock was a slip along the Futagawa Fault, a segment of the EW-running
Oita-Kumamoto Tectonic Line. By this tectonic line the Beppu-Shimabara Graben is bounded sharply on
the south, where NS-extensional crustal deformation is now taking place and earthquakes (including the
2016 aftershocks) are largely NS-dipping normal faulting. We conducted a seismic tomographic study for
the crustal Vp and Vs anomalies using arrival time data from the Hi-Net stations in Kyushu. The most
outstanding tomographic feature in this region is a belt of low Vp and Vs anomalies at depths of the upper
crust geographically coinciding with the Beppu-Shimabara Graben (Fig.1). This belt is characterized by
such an approximate equality that dVs/Vs =dVp/Vp (<0) in marked contrast to the relation in other
regions or at greater depths where dVs/Vs < dVp/Vp (<0). This observation can be interpreted in terms of
water-saturated, oblate-spheroid pores created by the extensional deformation of the upper crust in the
Beppu-Shimabara Graben. The approximate equality between dVs/Vs and dVp/Vp holds if the aspect
ratio « of pore geometry is either “0.04 (flat pore) or ~1 (spherical pore). Once « is specified, the water
volume fraction and hence density anomaly d p / p (<0) can be calculated from the observed dVp/Vp or
dVs/Vs. We calculate Bouguer anomalies from the density anomaly distribution so obtained. The Bouguer
map calculated for spherical pores shows a remarkable negative anomaly belt in agreement with the
Beppu-Shimabara Graben signature on the observed Bouguer map (Fig.2). The agreement is very poor if
pores are flat. This result demonstrates a unique role of gravity data when it is combined with seismic P
and S wave data. The Oita-Kumamoto Tectonic Line, including the Futagawa Fault, is a bimaterial
boundary, to the north of which the material is slower in both Vp and Vs and less dense. The rupture
process of the 2016 Kumamoto earthquake was likely to be affected by this bimaterial nature of the fault.

Keywords: 2016 Kumamoto earthquake, Fluid intrusion, Multiple parameter imaging
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Figure 2: Observed and synthetic Bouguer anomaly
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Figure 1: Vp and Vs anomalies at three depths
of the upper crust
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2016 RA BRI OE— XILEEERA
Earthquake-volcano interactions in the 2016 Kumamoto earthquake
area

*# KHE'. Wang Zewei', Liu Xin'. FE =A% A &=?
*Dapeng Zhao', Zewei Wang', Xin Liu', Yukihisa Nishizono?, Hirohito Inakura®

1. RAERFRFRELHERMELE - BATFNAREN LY 5 —. 2. BEHFARMRERISHT

1. Department of Geophysics, Tohoku University, 2. West Japan Engineering Consultants, Inc.

The 16 April 2016 Kumamoto earthquake (M 7.3) took place in north-central Kyushu where several
active arc volcanoes exist (e.g., Aso, Kuju, Tsurumidake, and Unzen) due to the active subduction of the
Philippine Sea (PHS) plate beneath the Eurasian plate. On 8 October 2016 the Aso volcano erupted,
which may be related to the occurrence of the Kumamoto earthquake. Many previous studies have
suggested that earthquakes and volcanoes can interact with each other in subduction-zone regions. To
investigate the possible earthquake-volcano interaction in Kyushu, in this work we study the
three-dimensional seismic velocity (Vp, Vs) and attenuation (Qp and Qs) structures in the source area of
the 2016 Kumamoto earthquake (M 7.3) using "62,000 P and S wave arrival times and 48,000 t* data
measured from digital seismograms of 742 local shallow and intermediate-depth earthquakes recorded by
the Hi-net stations in Kyushu Island. Our results show that significant low-velocity (low-V) and low-Q (high
attenuation) anomalies exist in the crust and mantle wedge beneath the volcanic front and back-arc area,
which reflect hot and wet anomalies caused by convective circulation in the mantle wedge and fluids from
the PHS slab dehydration. The PHS slab is imaged clearly as a high-velocity (high-V) and high-Q (low
attenuation) dipping zone in the upper mantle. The 2016 Kumamoto earthquake occurred in a high-V and
high-Q zone in the upper crust, which is surrounded and underlain by low-V and low-Q anomalies in the
lower crust and upper mantle. These results suggest that the 2016 Kumamoto earthquake took place in a
brittle seismogenic layer in the upper crust, but its rupture nucleation was affected by fluids and arc
magma ascending from the mantle wedge. In addition, a prominent low-V and low-Q zone is revealed in
the forearc mantle wedge beneath Kyushu, which reflects serpentinization of the forearc mantle due to
abundant fluids from the PHS slab dehydration. These results suggest that arc magma and fluids play an
important role in the generation and nucleation processes of large crustal earthquakes which can in turn
rupture the active faults and produce new cracks in the crust, facilitating the volcanic eruption. As a
result, earthquake-volcano interactions take place in north-central Kyushu.

F—U— R EBEAME, KU, M. EFAHHE. 714 VEVBTL—K
Keywords: Kumamoto earthquake, volcanoes, Kyushu, subduction zone, Philippine Sea plate
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AR CEE6HEZHLS LI-HMBREMEBICDWT
Yufuin fault cause an earthquake with an intensity of lower 6 in Beppu

“ER RER

*tatsurou yoshimura'

1. BRI EMA R
1. Meidai Co., Ltd.

201648 14HF %9526, REAREAMAZERE LM SOMENFKE L. 16HDFRITE25%
ICIEM7 3D RE LEETOREWY —% 28 -7/, SEIDOMETIE, 14BDME (M6.5) NI >7-BHDE
RICKE (M7.3) I o720, FERENAABICEML, NERZEGZHRLL. /2, 16HICIIEAED
3271IC, ADBEPETME7OMENFEAEL, BEAL YILERMSOkmD BT P HEATH CIXEECTAER X
niz. AEBERICKDBRFHTRELEZME.7TOMEOREDIHIBICIEENBCTH2HMRMBENOFTS. 5
Bk, HERMEERRICLAE Yy BEERERIVEINIMBRIOSEESINIMERELE EZRICKRE/-T Y
—Fa—ROl&ICKY, FEMBROZEICEL TR L. BERETBEZTRIC, vIREELIMIRERL
f-. AEMICHFT HHEIE, BERALURLUE (91FF, AR &KOBRE (2065, B- CHIR) TH
3. MIBBLS S UMBCLETIIREBEN MEBRICRE L. BMBRAED v RIZFEICEVT, AEOXRE
JTHMEAFEMNBECLYEVWE (BRERUVEMEZBAOHREY) & LEBEEICIE, HESE [(FWm)] &
B %2 I -RFOMBENR [T(HE)] OBICIE FW=a - T. a:FHORRIEERERE (m/ B E) DGR
HoND. alF1THEBICKRETIHEICK > TRET ZHESZIEM) TEBEICL > TERY, AREET
1.0, B#EMIE CO0.3, CHEMB CO.IREL#HEINS. BALUZRILESHE (ARIR) TOWEE (E
mig) 1£32.6mT a=0.36, KOBAESMIE (B - CRIR) TOHRIEIL5.5m~6.4mT
a=0.27~0.32T, Bfi&¥rxna. mwHHE (FW) cBBR (L) & L(km)=0.36FW(m)+0.62DE &K
HHHEHBLVEE LAMBRAVARICRAT 2L, MBAOHEMEIREIIM=6.7, EBDHEHEIR
BIEM=5.6, BIBECO#HEMEREIEIM=5.5TH 5. KEBEEECIE, FIFE LCERTESkmUADERT—
RICH R, “Bkmib—IV” %##EHATZ &, MBRIG7TkmTHEMEREIIM=62-EHINn 3. 4816H
ICERRICEE 2 EREIX, M=5.7 (018525%9) &M=5.4 (07851149) TH 378, KEBS L UVHECH
EEMBE R > TWBHEENT .

F—O—F: XORPEHE. ARRHE. HER

Keywords: Earthquake in the Oita Prefecture central part, Yufuin fault, Fault length
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