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A study using waveform simulations on the applicability of seafloor
strong motion records to the source process analysis
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Tottori-chubu (M,,6.2)
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Empirical Green’ s function
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of near-filed P wave records.
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Study on spectral decay characteristics in high frequency range of
observed records during The 2016 Kumamoto Earthquakes
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AR NLDIRIBAIKRE K REZEFHEREFEEIRBDO LN, QEDRELAZEADIEILLYEREIHEINSH
BEEMATREBING, Z2IT. BHOQUEETILEREL TEARENREINDIHNE D HRET LT,

BEMRRTIE. Qy(=Q)IEQ,=aV, (V.DEAIEm/s) & LTSKEEICHHSELETIVEL RSN 2HE
AdHY., FIZIELETRETEEETIL (Koketsu et al., 2008, WCEE; hEfFAEZEES. 2012) TiE
a=02EEINTWVWB, FIT. AR TIX. SKEEICLLATZQEETILEIRE
L. «=0.1, 0.2, 0.5, 1.0, BBEH (T,=1/f) %3W&Lik, TDI5, a=02& LEEDNLEDR
HER—DBRETHD, EMMICIE. aNNIWFEQBICLZBREROMRNIKEL B BH, STERARY b
IWOIRBIZED T 2, aDEWVICEZLETDT—YICLBARY MNLLELOEHEDELEAREZ S, EE
HANZE a DFEARELZITTEY., a=01&F5ZETHAUARY MLOSRBLELIELET 2 Z &SR
INntz, T, BASRBOARY MLLEOFEHES, a=0.1& LEBAICTHSES A3 ERA’RONE, &5
IZ. U EOREEESH TOMETICIMA., MGIREICER L/-BREEE TORET 51T o7, BRI E tERE
DORERHOIANRO—THRELELZEZ S, AR TRE LEZQEETIVICK Y ERZEOREREE
BRIHBETZIENTETCWE, L, BHREFOT—IRMIBRONTVWS 0, BREEEICE T 2EDA
a DRETIESHRDEETH %,
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HEE ARG REAPHWEESNY— Ry TEREZBREXO-—RE LTI o7

F—7— R QfF. REEHHAHBETIL. REHPHEE. GMS
Keywords: Q model, shallow-deep integrated velocity structure model, long-period ground motion, GMS
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FUINHRAILERICE 1T B QsDMIHHEICE T 2ER

Studies on Qs at the northern part of Kyushu district in Japan.

hEF - 5 S
*kenichi Nakano', Shigeki Sakai'

1.#%®AE ZEk- B
1. HAZAMA ANDO CORPORATION

FESEBBRTAMBAREBETRICL T, BEBRZRMARMOK-NETS & UKiK-net CERI S L7z
M4-52EDFR/NEEDIMEERARZFZERA VT, ZEARY MUHEEICK YA OQsE M L 7z, 7D
R. [IRTHEH YO T OERME & SRR 2B SARROEHN A HMTDQsH. BfiRE T 288 (&
BRIEOEAEDYE) ICL>THRICELRTZIEERLE, 2O &E, HIZIEHETNT Y — U BEEIEFIC
EOCHEHFEICAVDQsDREICIE. STENRERICS T 2FEMRETNERAVILENH DI & ERE
LTw3,

2016548, NAMEARMAAEIRE T 22016 FEAMENKE L, ZOMEIE. LINDORF-SRMTES
ICBIT2HEHEII-BREAMBTRELTHY., &I EANMEAEREILICOMTBL D BFICR>TWS, 20D
HMEICEAL TIRELOMBEICE>T, 2016FEAMEDOERMEBETTILPREMBOIEZRHIMEESTILA
RESINTWS, —AT, WA DRBEICET ZMFTE LTE. AR ML UYN=U 3 VEBIFICE > TE
REFES Y A MFEEHFETEMINZEDHZ L,

AEFETIEMBE (1999) Mo THIRLAZZERARY MULILEARALTWS, ZOFEATHESINSE
BRIBOTEHMN A HDTDORBERHMIZ, BEMICIEZARYT ML UNR—U 3 VBT TEEI N3 EEE TS
—ERRBRIENTES, o2T. ZEARY MUVEEICK > TREREAFMML, AR MLL Y
N=TaVICE>THESINLZNELBTSEIET, BEVOMEREMEICHIRT SN TE S,

DDz ehs, KETIEAMILEIAETRICLT, ZEARY MUEEEERAWERERME S L TOQs% T
T3, £9. M AILEREFig 1DENBEED/NY FTRT LS4 TRegion Al & TRegion Bl ICHEIL
Too F7o. BEERCEMM L 2 Mt ARSI D58 % [Region Cl & L TEWEBD/N\NY FTRY, ARIC
X, BIRZEDAME LT2016FERMERICEKELIZMT " M73DA XY hOERSH (2016548
148~2016F4B30R0) &¢HFBED=AME L TK-NET & KiK-netDihEEAI S A B L TWE, ERMHEIZ
SEF—TIER) AN ESRB LA, BFPICRLAERICEWT, AMNRENY %+ D5EIE (Area) TOFHE
EAERE L TOFEM (Line) #ZNEFNEET 5, 7=7=L. [RegionB] ICDWTIFAreaDEREL R TH -
fo7=®. LineTOFHAIDAREL 7=, 2d. BT —ZADEFIE TRegion A-Areal ¥ L <& lRegion
A-Line] ®&SICEY,

QsiiiiER A Fig.2IC”"Y, TOREANILESM AL SIS, BEEICE VW TAreatLineTIXELRZB=RT
TIHFHAEINTWE Z ENbH D, Thid. AreaDBA, Linell RN THRMICERIBREIRCRY,. KA
P REREUN DR CEBESNMEERDDRFET. ENMTLERENNSKFTHINTVWEIEDEER
505, [Region A-Areal] & TRegion C-Areal TIEQOAEE L HM70TH Y. BIRBIKEKIIEELEHH
0.92¢ #EIN, BHELRERIFIHAONBVWI EN LA S, —AT lRegionB] ICDVWTIFKRELER->TWL
T. Qs =23.6"1.0&R>TWVW3B, ZDQsIFRA (2000) ICL>TEEETTIHEMINEZED CRWE
) LIFIERALCTHY. Linetal (2016) ICL > THEILETOY /T E W AHSkmH S5 10kmIC T THE
ET2ZENERINTEY, [RegionBl TIRAFHILETZEEALTWA I ENSE, LEEOERMNMELVE
ThiE, AR TEONAEQsDIEELEWVEERBAT S ENATE S, —A. thOBEETIHHI N=QsiER
- W& (2016) THMES /b D&M TH S, Lo LNakano etal. (2015) TSN TWBIEE LR
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BRoTW3, TNk, BAFEE L THRELA-ERE#MI/ER >TWE &, BITHRE L TWBEENKE
KER->TWBZEENREREZZAONS, EBIC, AL - LA (2016) &R (2016) ICADLELEZHET
ARG MAVYN=U 3 VEBTERBELEEZ S, BOERABDQASETILAELND I E AL TWS,

SEFONTBREIDH ETOHOMEZZRL TERINLTWVWE I &, BITNRBEZEEHEICKEL T
WBZEENS, HECHAMRDELSIEAEGDEDZEPHNBEZDEILALBETEDREINLD
BAELT 20D, MEHNIAEL TWKBELNH D, BrDSERONMYUBARE LT, EEEDORFTERZE P
FEEHIC, BEBFUAOKERLICRITSAYD, BHARRBEOTMFEZARL TWCFETH S,

HEE . AR OEREICHT-> T, BHEXEBRERMHERADOK-NETH &L UKiK-net CERIS M- th B R eixk % &
BaItvgTlEEXE LA, —EOMOEMICIICGMTEERL TWE T, L TREL X,

F—7— R :Qs. EHERE. ZEAXRY MNUEE
Keywords: Qs, Propagation pass, Twofold spectral ratio method
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SHAIEEDZRITEMARIADRESR
A New Multidimensional Attenuation Relationship for Instrumental
Seismic Intensity

“HR AL WERT BN ERT BE A

*Hiroto Tanaka', Ritsuko S. Matsu'ura®, Mitsuko Furumura?, Tsutomu Takahama'

1. RS BESFEARHN. 2. ARMEEANMEFTHREMRIRESHERERR 5 —
1. Kozo Keikaku Engineering Inc., 2. Earthquake Research Center, Association for the Development of Earthquake
Prediction

A - B (2011) B L UEFHHA - i1 (2016) 1&. EFEEFICLZWEEE LT, BHRTOTL— N LELEZRE
ZFRAWSZET, LVWARE., EVCIEERHSEHICERATE 2RZERSZARY MVOEBREXNABE L, X%
AT, BEBRBEARI MLERKRICEHIEEDER RSN ZBEL -,

ARATICIEK-NET, KiK-netD&RIGE SR &2 A L7z, AH. HREVAEEZKDOPGVH0.Tem/sEATH L U'S/NLEED
BN TF—YIEU KR\, EERRAIEEIRY 14 7 & ilInter-Plate, Intra-Plate, Very Shallow (VS) 3% 4
FICDBELTHE Lz, 8. Inter-Plate, Intra-Plateld XIE L — M EEHZWIETRA T TR TRE L-HE
AR E Lz, BEHERERORAFIEZ. KRV LRBAHOREREZ LFAEEDONHE L VCREDIER = L& L 7=
T, BREARI MVOBBRERNERA LT E L.

INT=Ac+Aw-Mw-b-A-B -log(A)-d-min(§,250)to

ZZT. INTIFEHAEE. AIZERIER(km)., 6§ IFEASTOXREET L — N EERE(km)ERY, 727
L. EEEEICDWTMw>7.5DMEBICIIEIRED 5 DREHEREZ AW, . § IFRE250kmBETEIT S &
H2ZETHRADBRMENAL L, Ac, Aw, b, B, dIXEIRHKRE. o IFIZERETH S, log(A)ICLLBIT 2R
RIEDOFRHB L. RFEOFAEREDHEMBRATII2ERETEAEIND Z &AZ VA, AR TIRERICEKY
WE L, ORREIE. A NRA—Ua VLY IRTABICHELE, L. BRI TICL>THRE
RORRBOHAEHEIFELY,. RERNAEAEDEIFAICICEYRE L,

Inter-Platel£fR#Ac, Aw, b, B,d DHAEHLENRBETH o7z, XDV TILAERF (BFEAC, Aw, b,

B) TEM LB EDEEREIXO.CITITH>7=DICKT L. BREAC, Aw, b, B8,d& LEFBEDEEREIL
0.643IiE > L., AICHICEEBRITH o7z, Intra-PACOBREDEHEDEITAC, Aw, B, d HHET

H o7z, Inter-Plate TIXEEBMD T — 9 25T 2 DICHBbDIBEHIURETH > 725, Intra-Plateld L EEHED
T—9 DD log(A)ICBIT ZRTIE (REB) & SICAIT ZR=TIE (ff#hd) ICKYEBIZ5BATE

7=o Intra-Plate DRI DA EHE % HREAC, Aw, b, B & L7158 DEEREILO.751TH > 7=DIT L. HRE
Ac, Aw, B,d& L7158 DZERZEIL0.6441T55 4 L7z, Inter-Plate, Intra-PlatelC& W T, S ICHHIT BR=E
IH (ff#d) REBEHLEDORRDEVEER TE2EMRETHE I DD o7, —FH, VSITIESICH
Bl Z2RRBIEDHER L, FREAC, Aw, b, BOEAELENRZRETH o7z, TDE ZDREREIZ0.677T

H o7,

AR OEBMRER (LUE, REX) OZUMERIT 570, SARECHETOHERRRER S &L
= TL—KLEEZREICHHT ZHRIEE BV SInter-PlateDthE S & Wintra-PlateDEICE W T, RER
DOFREEBROZRZEFEFRDKREICLLRTEVERSEE TN >z, —A. FL— b EEREICHHIT
ZBREEAAVAVWSOMBICH L TE, REXEEFRAOFAEIRRARETHY . R & DEREDEWVIL/N
Ihof, InHiF. BREROTL— M EEREICHHAT 2 BRBEOEMEERBL TWS,

S, EREOHEATEYRBERS FATEL LD ICHBIBBOMEBICOVWTRENIE2FETH D, AR
HENHREEANODRFICLD2EDTH D, KB ERMARMOBRREHZRLFASIETCIEEELAL, 22
ICEB L TR WAL ET,
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F—7— RN :EHRRERN. TL— MNREICHHIY ZRTIE. AICIC & 2:#IR
Keywords: Ground Motion Prediction Equation (GMPE), Attenuation term proportional to plate depth,
Selection by AIC

Type Ac Aw b B d -
\E 2.096 0.962 0.00287 2.409 - 0.677
Inter-Plate 4.726 0.674 0.00171 2.416 0.00527 0.643
Intra-Plate 2.509 1.444 - 3.576 0.00883 0.044
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SEMTE CRAE T 2O Y /NI WHHE DR/ AIE /N — RFHED 7=
DHEFEE T IV

Seismic activity modeling of earthquakes occurred on inland active
faults with smaller magnitude than assumed characteristic event for
probabilistic seismic hazard

vEREE— R S KB REL B ERE EE LT

*Jun'ichi Miyakoshi1, Takeshi Morii?, Mitsutaka Oshima®, Nobuyuki Morikawa®, Hiroyuki Fujiwara®

1. KB EFRAT. 2. 58KER. 3. B KR Z AT 5T
1. Ohsaki Research Institute, Inc., 2. Shimizu Corporation, 3. National Research Institute for Earth Science and
Disaster Resilience

AR TIE, BRBUABENY — REEISER T 272010, EMBTRETZIEERELY NS WHED
WMEFRHETIVICDOWTRE T2, ZOLIAMEDHIE LT, 2014F11A22BORFEIOME (K
BIEHE M6.7) ¥2016FE4F 148216260 EDREAME (M6.5) MEIF SN 3,

MEREMTHEEARL EXRE) Tk, BEREIVNAIVHED—E% THROERL S IEFZH DR
EEROICKWHE] & LTHRWL., ZOHEFREBETILEZRTE L CHERBIMNEES FRAMRKAERLTWS,
I TlE, MEREDLRABEERELZIEM7.4, HEREDO TRAEM6.8, FIEEIRRE % B AKX B OFEE
FREfRED2MEE LTW3, AR T, HEAREODETILESEIC, BAEBEL Y /NS WIEDIMEFE)ICKT
T23DDETINAEEZSZ, EFTINIIF, HEXRBOETILDOS> S, MWEREDOTREM65T S, EFIL
213, WEABOETILOD B, FHFEEEREE BMAREOLEFEHEREELVWET S, EFII3E. ETIL
1EETIW2EEAEDEZETILET B,

INSOETINEZRAVTHRERRUMES T AR Z/EKR L, TOFR. ETL3ONTF—RPAREXREL
Y, ETWVIEETIL2ONY — RIZERETH > 1=,
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1914FEREDHEDEELFH LUERMBOMESL Y/ =Fa1— KD
MREE

Seismic intensity distribution and validation of the source location and
the magnitude of the 1914 Sakurajima earthquake

N ENE. mEB RS BR ASY

*Reiji Kobayashi', Yukina Furuya®?, Hiroki Kuwahara®

1. BEREBAZAERETIZMRR. 2. EREAFEER, 3.7/5V5t—LVERE
1. Graduate School of Science and Engineering, Kagoshima University, 2. Faculty of Science, Kagoshima University, 3.
Grand Lacere Kagoshima

The 1914 Sakurajima earthquake (M 7.1) occurred about eight hours after the eruption of Sakurajima.
The seismic intensity distribution in Kagoshima city is estimated from the damaged data of houses and
stone block walls (Imamura, 1920). The intensity data used in Imamura (1920) is originally defined in his
study and cannot be directly compared to the present seismic intensity scale in Japan defined by the
Japan Meteorological Agency (JMA) in 1996. Takemura and Toraya (2015) proposed a conversion
procedure from damage data of houses to the present seismic intensity scale for the 1944 Tonankai
earthquake.

The seismic intensity distribution in Kyushu Island has also compiled by Imamura (1920) and its
isoseismal maps were drawn by Imamura (1920) and Omori (1922). The intensity data can be compared
to the present seismic intensity in JMA scale, because the present seismic intensity scale was revised
several times from that used for the isoseimal map for the Kyushu Island in Imamura (1920).

In this study, we convert from the damage data of houses in Kagoshima city (Imamura, 1920) to the
present seismic intensity in the JMA scale. We also review the seismic intensity distribution in Kyushu
Island. Then we verify the source location and magnitude using an attenuation relation of seismic intensity
for Japan presented by Morikawa et al. (2010).

Imamura (1920) presents the total number of households but does not present the total number of
houses. The sum of the completely destroyed, half destroyed, and partially damaged houses are larger
than the number of househoulds in a town, Shiomi-cho. We adopt two assumptions for the total number
of houses. One is that the total number of houses in each town is equal to that of householders in it.

The other is that the ratio of total number of houses to that of householders in each town is equal to the
ratio in Shiomi-cho. The true value may be between those inferred from the two assumptions. The
distribution of the present seismic intensity scale adopting the former assumption shows that the
maximum intensity is 6 Upper, and that adopting the later assumption is that the maximum intensity is 6
Lower. The maximum difference between the intensities at a same place adopting the two assumptions is
one grade.

We also plot the seismic intensities in Kyushu Island to review the isoseismal maps of Imamura (1920) and
Omori (1922). The isoseismal contours of both papers are inconsistent to the intensity data at several
observation points. It is difficult to draw the isoseismal contours being consistent with the seismic
intensity data.
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We verify the source location and magnitude of the 1914 earthquake. The source fault of the 1914
Sakurajima earthquake has not been investigated in previous studies. Kagoshima Prefecture assumes a
source fault for the same type of an earthquake as the 1914 Sakurajima earthquake to predict the strong
ground motions for disaster prevention. The seismic intensities predicted by the attenuation relation with
Mw 7.1 are much higher than the observed ones in Kagoshima city. When the magnitude is fixed at Mw
7.1, the source fault location should be moved at least 50 km further from the assumed fault. If the source
fault location is fixed, the magnitude should be 5.6. The comparison of the predicted seismic intensity to
the observed ones in Kyushu Island shows that Mw 7.1 is too large.

F—T7— R 1914FERBEDOHE, BE., ¥/ =Fa1—NK
Keywords: The 1914 Sakurajima earthquake, seismic intensity, magnitude
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1889 (BR/A22) FEAAREAMEDFFHERE 2/
Seismic Intensity Distribution of the 1889 Meiji Kumamoto Earthquake

HHA BT U EF

Noriko Niida? *Yoshiko Yamanaka'

1. AEHERZEARZRRBZFRR. 2. EHERFEFH
1. Graduate School of Encironmental Studies, University of NAGOYA, 2. Department of Earth & Planetary Sciences,
University of NAGOYA

FESE FDOMEICDWT OXHRECERITHERDIARTHIL IS - BEh, [FHNEAXMESLER] TBHAXRDRE
SiESRR] REE LTHITENTWS, KR TIE, BAERNOBERMMERESAE T 570, T
B BEAEESOBIENAFLICHERLSE - BERAREDONHMBAELT o7, INLOERMNLIEAE225F
7RA28AREAMEBICOWVWTHIE T & DWEBREFT & H, RE. B, HENLEOHEBRE S & ICFIEE
(2016)DEEZAVWTRMOEEZHEL, EESHMRZEKRLE. HEFHBNIOEEZHEELTWSE
o, WEEELPIEEIULOEELNIKRDZ I EIFTERL.

BONIEEESHE)-SHISTARIN TV IREMBIBIEROA G L 2B L. BIRERERISBNZIFE
BERNSCR>TWVWEDY, BENTULWTHREMBIBEROARSRGMTRAREAEENIHTWD I & DH
3. FIROSNLEESGIXILAICENZMERICHZH, TORRE L TEROILANICLHENENR LT Wi
BAEN>TVWBRIEEEFKLTVWEZERDNS.

T TICEMN(2016)A%, S4(1920)IC L 2REDHEMREHCEOVWT I OHMEDFHEELI T Z/EHR L TW
. AMMROBERIFENOBER L FIF—HT 2D, EENPKRESLELQ LGPV DHH o7, & (B
E4-EBE6) RELHESINLAN2HR. 2 (BESF EESL) KREKHESNLENNINATHS. £
NoOMKRICDOWVWT, REMBIEREROSAERUOMERELROLMFIAELSEICL TREZ®RETL L.

EEN2EREESLEREBFEII T, REDE, /4, BRIEZ2] REDBELH >/ EHRE
INTWS., ZZTREICDOWTHSHOMBEEN S LUEOREOAHmAME L, REMBIBEROLHFEE
REOLETHE. THEHFORBIIENICK WHBICIIH L TWE WS T EPHMRATERL. —F, BOH
) IFHBIEREENAKEZ V. ZOBRREOELYEXOADLEEEZHEL TWI2ENOBERTIE, B
BEREMOBELEO THREIF L TVEIERMBL Y /NI BREEICA LI b o7, ERBREREF AT 5T
FREBREMAAT, LERWEEBA THLRABKOERI &SN, LHEBBLERIL, REBRELN I >7HICHF
TREE4AESNMBTHS. BRICK D& M2, BRIEE2] OHENATTWVWELD, AHRTEREE
6& L7, ZONDIFIFLEHNNRFHBEEL->TEY, REBRZBE LD 2725 DDOERBOENITIFATIC
SO TEEBALVIEKREDN D EZENHRAEING. ZDLDIC. MEDENIIREMBOHXEICL > THELH
KOHBTEHERFELAH D E VWD ZEMERINZ. BEHEDOL D ICHEDBEROA TEE AL RO BIFHIC
&, WBOHENHNRYEFNDI L, EDOLDIBREERRIOROONILEELN ZEFELTEIMBENH
5.

FHSOBARO TR S hEIREROQHAERTHIE T, YEORBHNLEMNIE D RBIFAIGR
ICRHELTWRZ e hh o7, REFYFE RN THBENBWHEDO LICETREDOSRATEHLS > TV
3. HOTBEEN DAL 2HiETE, BURRBOMENIRELIGE, KELRFEEIHIBIW L HDZ &
IEEBRIRETHS.

F—7— K BBA2ERANE. REST
Keywords: the 1889 Meiji Kumamoto Earthquake, Seismic Intensity Distribution
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2016 FREAREDH K MIFICH T2 RABPHEH VI 2L -3V
Simulation of Long-Period Ground Motion in Damaged Areas during
the 2016 Kumamoto Earthquake
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2016 FREARIMETIE, 4B 14BICM6.5DME, 16BICM7.3DMENRI 27, BRAERBEI TIIEET%
2EEBIL. KERBDEIBELEDHENE L, AR TIE. HERABERRHERBOMTEEETILE
GMSERWT, 2016 FERMEDREICLZMETH > I 2L —Y 3 ATV, HEMSICE T 2RSS/
HIBRITHI EAaFAHMT, WRMEE LTI, 4819BDMS5.5, EX10kmDMEEEZ -, £, SBY A
MKMMO14)ICHE 1T 2B ARETT D &, STERFIZEARFICE 1T REOREHE L CIRATW:, X
(2. WEIEA(2016)IC & 2K D REEBICH (T ZEAEHR EESTERF A LB L=, #MiRIcH 17 B
BRETIE. EABHOSENSHWEEESE LR, LYRABABOKE, M & WD BALEE ERAKOERNR S
Nz, ¥z, —HMOBRRICEWVWT, MEHFHORZ VRS TIIHENKE L, HEHD/N S WER R TIEH
ERNTVWEWVWLEAEEERDZENTEL,

F—O—N:BAME HEHIIaL—Yav, BEH
Keywords: Kumamoto Earthquake, Simulation of ground motion, Strong ground motion

©2017. Japan Geoscience Union. All Right Reserved. - SSS15-P13 -



SSS15-P14 JpGU-AGU Joint Meeting 2017

A Study on Characteristics of Long-Period Ground Motion in the
Kathmandu Valley during the 2015 Gorkha Nepal earthquake
aftershocks
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*Michiko Shigefuji', Nobuo Takai?, Subeg Bijukchhen?, Masayoshi Ichiyanagi?, Tsutomu Sasatani
2

1. uMKRE, 2. dBEEKRE
1. Kyushu University, 2. Hokkaido University

The Indian Plate underthrusts the Eurasian Plate resulting in occurrence of a number of large earthquakes
in the Nepal Himalaya. The Kathmandu Valley is formed by drying of a paleo-lake and consists of thick soft
sediment below the center of city. We have installed a strong motion east-west line array observation (four
sites; one rock site and three sedimentary sites) in the valley, on 2011, to understand the site effects of
the valley. On 25 April 2015, a large M,, 7.8 earthquake occurred along the Himalayan front. The
epicenter was near the Gorkha region, 80 km north-west of the Kathmandu Valley, and the rupture
propagated eastward from the epicentral region passing through the valley and reached about 80 km
north-east of the valley. The aftershock of M,, 6.6 occurred on 25 April 2015 “80 km northwest of
Kathmandu at epicenter near to that of the main shock. The other three large aftershocks were originated
“80 km east of Kathmandu; the aftershock of M,, 6.7 occurred on 26 April 2015 and the aftershocks of M
w 7.3 and M, 6.3 occurred on 12 May 2015. The ensuing aftershock activities are concentrated in the
eastern part of the rupture area. After the mainshock, we installed additional four stations on sedimentary
sites on 05 May 2015. We discuss the characteristics of long-period ground motion in the Kathmandu
Valley based on these strong motion records from large aftershocks (M,, > 6).

The acceleration waveforms at the sedimentary sites are longer and larger than those at the rock site. We
checked acceleration Fourier spectra of 40.96 sec of S-wave with rotated acceleration records for each
sites and compared between the rock site and other sedimentary sites. In high frequency range (around
0.2 Hz ™), we can observe the strong amplification factor in each site condition. On the other hand, the
amplification are extremely small in low frequency (* around 0.2 Hz) on horizontal components, whereas
amplitude are almost same on vertical component. In low frequency range, the spectra have peak in 0.1 ~
0.2 Hz even in the rock site. Furthermore, the spectral shape on the low frequency range is proportional
not to the square but to the cube of frequency. The transition frequency is around 0.2 Hz, but this
frequency has small variations by earthquake. Regarding M,, 7.3, M,, 6.3 aftershocks, vertical components
semblance analysis show that 0.1 Hz waves are propagated from epicenter with 3 km/sec phase velocity.
The particle motion of vertical-radial component shows the retrograde motion which is fundamental
Rayleigh wave.

Considering the shape of spectra in low frequency range, we tried to calculate 1-D theoretical waveforms
by the discrete wave number method (Takeo, 1985) with 1-D velocity structure (Crust1.0; Laske et al.,
2013) and GCMT source mechanism. By this simulation, the surface waves are contained in the analyzed
time window; Rayleigh and Love waves which have 0.1 Hz power reached just after direct S-wave initial
motion. Therefore, we understood that the shape of the low frequency range are affected by these surface
waves.
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Spectral ratios of the sedimentary sites to rock site have different dominant frequency (0.2 ~ 0.8 Hz) and
amplitude at each sites. These differences of the spectral shape in closed area speculate the complexity
of the basin structure. The predominant frequencies of the spectra could be roughly explained by
theoretical response based on 1-D structures made with geological data and gravity anomaly data
(Bijukchhen et al., 2016).

During examination of long period motion on large aftershocks, the characteristics are strongly affected
by surface wave. We will study the excitation and propagation of surface wave of the Kathmandu basin
extensively, try to examine the amplification characteristics quantitatively, and construct the velocity
structure of each site in detail.

F—T7— K :2015F /=)L - JIVAHBE, H v X7, REAHBE

Keywords: The 2015 Gorkha Nepal earthquake aftershocks, Kathmandu Valley, Long-Period Ground
Motion
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Observation of microtremors and aftershocks of the 2016 Kumamoto
earthquake in the Kumamoto basin
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F—7— R : 2016FRAME. RIFAREA. RE. H

Keywords: The 2016 Kumamoto earthquake, Temporary Strong Motion Observation, Aftershocks,
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Observation of aftershock due to the 2016 mid Tottori prefecture
earthquake and microtremor observation in the structural damage
area of mid Tottori prefecture, Japan
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Site characteristics in Okayama prefecture inferred from strong-motion
records of the 2016 Kumamoto earthquake
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Estimation for site amplification characteristics from spectral inversion
of ground motion records in Northern Nagano area
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A method for setting engineering bedrock using records of miniature
array microtremor observation in Kanto Area
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Modeling of 3D S-wave velocity structure for sedimentary layers in
Kanto area, using microtremor array surveys —part 2-
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Evaluation of Three-dimensional Basin Structure Model beneath
Beppu bay, Oita Prefecture, using Seismic Interferometry
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L, SEAIM S ETHEMRS L CKEMREZIT > 2BRICHb S THEB I N2 KT (0-60ME) #5tEL
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FRSULEEN TR THZ T —AEZ VN NS, BEOBHBEECHIMERE, 7 —VEHELToZY
HEZELAELTOEMBRETIVORIENIVETH S.

g -
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BRIl O—BELTERBLE L.
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Keywords: seismic interferometry, surface wave, group velocity, Green's function, ambient noise, finite
difference method
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The Estimation of 2D S-wave velocity structure model across the
Morimoto-Togashi fault zone through miniature microtremor array
analysis

AR el E BiES Kk =81

*Nayuta Matsumoto', Yoshihiro Hiramatsu?, Shigeki Senna®
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1. Graduate School of Natural Science and Technology, Kanazawa University, 2. Institute of Science and Engineering,
Kanazawa University, 3. National Research Institute for Earth Science and Disaster Resilience

Around the Noto peninsula, ENE-WSW or NE-SW striking reverse faults developed under the E-W
compression stress in Quaternary (Okamura, 2007). It is important to reveal the subsurface structures of
the faults, which have formed the topography of this region, to understand the geotectonic history of this
area.

The object of our study is to reveal subsurface structures of the Morimoto-Togashi fault zone, which is
located in southern part of the peninsula. The probability of a large earthquake occurring within the next
30 years is high, 2-8%, and the fault passes the city center of Kanazawa. Therefore, this study is also
useful for the disaster prevention. A seismic reflection survey around Togiya, the north part of the
Morimoto fault, suggests that the fault structure is an east dipping reverse fault with 40-60 degree, (AIST,
2008). However, the details of the subsurface structures are still unknown. Additionally, the gravity
anomaly analysis cannot detect the structural boundary along the fault. In this study, we conduct
miniature array analysis (Cho et al., 2013) using miniature arrays with a radius of 0.6 m and
irregular-shaped arrays with a radius of 5-15 m. Sampling frequency is 200 Hz and the observation
duration is around 15 minutes. Seismometers used for the observation are JU410 manufactured by
Hakusan Corporation. We set 11 lines across the fault zone. The intervals of the observation points are
100-200 m. We analyze data with the software BIDO and infer the two-dimensional S-wave velocity
sections. The software BIDO combines a simple profiling method (e.g., Heukelom and Foster, 1960),
where an S-wave velocity structure is calculated directly from a dispersion curve, and a simplified
inversion method (Pelekis and Athanasopoulos, 2011) to estimate the S-wave velocity structure. Around
Togiya where the seismic reflection survey was held, the obtained S-wave velocity section shows a
discontinuous structure of bedrock (Vs=500 m/s) on the 100 m east side of the surface fault trace. This
discontinuity infers the east dipping structure with a high angle, corresponding to the faulting type of the
fault.

F—T7— R BEHE. BNTLA FEUT LA, FEBE. ENE

Keywords: microtremor, miniature array, irregular-shaped array, velocity structure, active fault
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Density Structure Model Estimated from Gravity Survey around

Mashiki damaged by 2016 Kumamoto Earthquake
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Shun Araki?, Tatsuya Noguchi3, Masao Komazawa®, Shoya Arimura®, Mitsuhiro Tamura®, Kei
Nakayama?®, *Hitoshi Morikawa', Takashi Miyamoto®, Kahori liyama', Yoshiya Hata®, Masayuki
Yoshimi’, Takao Kagawa®, Hiroyuki Goto®
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1. Department of Urban Design and Built Environemt, Tokyo Institute of Technology, 2. Department of Civil and
Environmental Engineering, Tokyo Institute of Technology, 3. Department of Management Social Systems and Civil
Engineering, Tottori University, 4. Oyo Corporation, 5. Department of Civil Engineering, Yamanashi Univsersity, 6.
Division of Global Architecture, Osaka University, 7. Geological Survey of Japan, AIST, 8. Disaster Prevention Research
Institute, Kyoto University

Gravity survey has been carried out around downtown of Mashiki, Kumamoto, Japan, where is severely
damaged by 2016 Kumamoto earthquake, from November 28 to December 2, 2016. We applied three
LaCoste gravimeters and one Schintrex CG-3M. Closed observations were carried out at more than 300
sites around the central part of Mashiki with about 50-meter intervals. And, more than 150 sites surround
the central part with 250- to 500-meter intervals. The observation sites satisfy enough density to discuss
density structure shallower than 500-meter depth around central part of Mashiki. After applying some
corrections to the observed data, the Bouguer anomaly is calculated under the assumed density of 2.4
g/cm3. Furthermore, gravity basement is estimated under an assumption of two layered medium with
density difference of 0.5 g/cm®. As a result, a graben runs parallel to the Akitsu river and some isolated
small basins are found inside of the graben. The central part of Mashiki is located immediately above of
the one of such the small basins. This may suggest that the focusing phenomena of seismic rays.

F—0— ] BENRE. AR, BEES

Keywords: Gravity Survey, Mashiki, Kumamoto, Japan, Density Structure
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Microtremor Array Measurement Survey and Strong Ground Motion
Observation Activities of the SATREPS, MarDiM Project, Turkey

*seckin ozgur citak', Safa Arslan?, Ozlem Karagoz3'7, Kosuke Chimoto?®, Oguz Ozel?, Hiroaki
Yamanaka®, Bengi Aksahin?, Ken Hatayama4, Michihiro Ohori®, Muneo Hori®

1. Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Research and Development Center for
Earthquake and Tsunami (CEAT), Yokohama, Japan, 2. Istanbul University, Department of Geophysical Engineering,
Istanbul, Turkey, 3. Tokyo Institute of Technology, Dept of Environmental Science and Technology, Yokohama, Japan,
4. National Research Institute of Fire and Disaster, Tokyo, Japan, 5. Fukui University, Research Institute of Nuclear
Engineering, Fukui, Japan, 6. University of Tokyo, Earthquake Research Institute, Tokyo, Japan, 7. Canakkale Onsekiz
Mart University, Department of Geophysical Engineering, Canakkale, Turkey

Since 1939, devastating earthquakes with magnitude greater than seven ruptured North Anatolian Fault
(NAF) westward, starting from 1939 Erzincan (Ms=7.9) at the eastern Turkey and including the latest 1999
Izmit-Golcuk (Ms=7.4) and the Duzce (Ms=7.2) earthquakes in the eastern Marmara region, Turkey. On
the other hand, the west of the Sea of Marmara an Mw7.4 earthquake ruptured the NAF' s Ganos
segment in 1912. The only un-ruptured segments of the NAF in the last century are within the Sea of
Marmara, and are identified as a "seismic gap" zone that its rupture may cause a devastating earthquake.
In order to unravel the seismic risks of the Marmara region a comprehensive multidisciplinary research
project The MarDiM project "Earthquake And Tsunami Disaster Mitigation in The Marmara Region and
Disaster Education in Turkey", has already been started since 2003. The project is conducted in the
framework of “Science and Technology Research Partnership for Sustainable Development (SATREPS)”
sponsored by Japan Science and Technology Agency (JST) and Japan International Cooperation Agency
(JICA).

One of the main research field of the project is "Seismic characterization and damage prediction" which
aims to improve the prediction accuracy of the estimation of the damages induced by strong ground
motions and tsunamis based on reliable source parameters, detailed deep and shallow velocity structure
and building data. As for detailed deep and shallow velocity structure microtremor array measurement
surveys were conducted in Zeytinburnu district of Istanbul, Tekirdag, Canakkale and Edirne provinces at
about 140 sites on October 2013, September 2014, 2015 and 2016. Also in September 2014, 11
accelerometer units were installed mainly in public buildings in both Zeytinburnu and Tekirdag area and
are currently in operation. Each accelerometer unit compose of a Network Sensor (CV-374A) by Tokyo
Sokushin, post processing PC for data storage and power supply unit. The Network Sensor (CV-374A)
consist of three servo type accelerometers for two horizontal and one vertical component combined with
24 bit AD converter.

In the presentation current achievements and activities of research group, preliminary results of
microtremor array measurement surveys and recorded data by the newly installed stations will be
introduced.

Keywords: Satreps, MarDiM project, Seismic observation, Microtremor array measurement
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Elaboration of a velocity model of the Bogota basin (Colombia) based
on microtremors array and gravity measurements, and strong motion
records

*Nelson Pulido’, Shigeki Senna’, Hiroaki Yamanaka®, Helber Garcia®, Leonardo Quifiones®,
Chimoto Kosuke?, Cristina Dimaté*, Mario Leal®

1. National Research Institute for Earth Science and Disaster Resilience, 2. Tokyo Institute of Technology, 3. Servicio
Geolégico Colombiano (Colombian Geological Survey), 4. Universidad Nacional de Colombia (National University of
Colombia), 5. Instituto Distrital de Gestion de Riesgos y Cambio Climatico (Bogota Agency for Risk Management and
Climatic Change)

Bogotd, a megacity with almost 8 million inhabitants is prone to a significant earthquake hazard due to
nearby active faults as well as subduction megathrust earthquakes. The city has been severely affected by
many historical earthquakes in the last 500 years, reaching MM intensities of 8 or more in Bogota. The city
is also located at a large lacustrine basin composed of extremely soft soils which may strongly amplify the
ground shaking from earthquakes. The basin extends approximately 40 km from North to South, is
bounded by the Andes range to the East and South, and sharply deepens towards the West of Bogota. The
city has been the subject of multiple microzonations studies which have contributed to gain a good
knowledge on the geotechnical zonation of the city and tectonic setting of the region. To improve our
knowledge on the seismic risk of the city as one of the topics, we started a 5 years project sponsored by
SATREPS (a joint program of JICA and JST), entitled “Application of state of the art technologies to
strengthen research and response to seismic, volcanic and tsunami events and enhance risk management
in Colombia (2015-2019)” . In this paper we will show our preliminary results for the elaboration of a
velocity model of the city. To construct a velocity model of the basin we conducted multi-sized
microtremors arrays measurements (radius from 60 cm up to 1000 m) at 41 sites within the city. We
calculated dispersion curves and inferred velocity profiles at all the sites. We combine these results with
available gravity measurements within the city to obtain the initial velocity model of the basin. We also
evaluated site effects in Bogota using records from the Strong Motion Network of Bogota.

Keywords: Site Effects, Strong motion, Bogota basin, microtremors array, gravity
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Observation of source rupture directivity and site effect using
earthquake early warning systems

*Ting-Yu Hsu', Pei-Yang Lin?, Hung-Wei Chiangz, Shieh-Kung Huang2
1. Taiwan TECH & NCREE, 2. NCREE

The National Center for Research on Earthquake Engineering (NCREE) in Taiwan has developed an on-site
Earthquake Early Warning System (NEEWS). The Meinong earthquake with a moment magnitude of 6.53
and a focal depth of 14.6 km occurred on February 5, 2016 in southern Taiwan. It caused 117 deaths,
injured 551, caused the collapse of six buildings, and serious damage to 247 buildings. During the
Meinong earthquake, the system performance of sixteen NEEWS stations was recorded. The directivity of
the earthquake source characteristic and also possibly the site effects were observed in the diagram of
the distribution of PGA difference between the predicted PGA and the measured PGA. In addition, based
on a preassigned PGA threshold to issue alarms at different stations, no false alarms or missed alarms
were issued during the earthquake. About 4 seconds to 33 seconds of lead-time were provided by the
NEEWS depending on the epicenter distance.

Keywords: Source Rupture Directivity, Site Effect, On-Site Earthquake Early Warning
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Multi-use seismic stations for earthquake early warning

Stephen Kilty', Bruce Townsend', Geoffrey Bainbridge', David Easton', *Nahanni McIntosh'

1. Nanometrics Seismic Monitoring Solutions

Earthquake Early Warning (EEW) network performance improves with the number and density of sensing
stations, quality of the sites and of strong-motion instrumentation, degree of coverage near at-risk
populated areas and potential fault zones, and minimizing latency of signal processing and transmission.
Seismic research tends to emphasize competing requirements: low-noise sites, high-performance
broadband seismic instrumentation, and high-quality signal processing without regard for latency. Recent
advances in instrumentation and processing techniques have made feasible the concept of a multi-use
seismic station in which strong- and weak-motion seismometry are both cost-effectively served without
compromising the performance demands of either.

Our concept for a multi-use seismic station meets the needs of both EEW and high-quality seismic
research. One significant enabler is a 6-channel dual-sensor instrument that combines a 120s broadband
seismometer and a class A accelerometer in a single ultra-compact sonde suitable for direct burial.
Combining two sensors effectively adds broadband capability to a station without increasing the already
optimized site footprint, preparation and management costs associated with shallow direct-burial
installations. The combined sensors also simplify and speed up installation (for example, the
accelerometer provides real-time tilt readings useful to leveling the seismometer). Integration simplifies
alignment to north, as there is only one instrument to orient. A dual-use 6-channel digitizer
simultaneously provides two sets of independently processed streams from both sensors, one set
optimized for low-latency earthquake warning, and the other set for high-quality seismic research
purposes.

Such a dual-use seismic station can serve both seismic research and civil warning infrastructure
objectives without adding significantly to the cost of a single-use station, while increasing the utility for all

users of the station’ s data.

Keywords: earthquake early warning, broadband seismometer, accelerometer, multi-use seismic station
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Development of inference methods for rotational motions on ground
surface
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Keywords: Inference methods of rotational motions, Ground surface, Microtremors, Small-size dense array
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Study on the backtracking factors of Arias Intensity based on the
Ground-motion response spectrum and time-period envelope function
parameters

*Liang Xiao'
1. Institude of Geophysics, China Earthquake Administration

Arias intensity, as a parameter descripting ground motion amplitude and duration characteristics, has
good correlation with earthquake damage such as landslide and sand soil liquefaction. The study on the
relationship between the Arias Intensity and the ground-motion response spectrum has important
application value in the rapid assessment of earthquake disaster, seismic landslide hazard analysis and so
on.

Our previous research found it was difficult to backtrack or reproduce Arias Intensity by using only
response spectrum through artificial ground-motion. Ts, a critical parameter of the envelope function,
defined as the duration of stationary portion of an earthquake record, was found to have great influence
on the backtracking results of the artificial Arias Intensity. However, Ts could vary a lot due to different
rules of definition. Thus, one proper definition of Tsis needed to meet the demand for backtracking of
Arias Intensity.

In this paper, a set of strong ground-motion records chosen from U.S. PEER NGA database were used as
the basic data. The corresponding response spectrum (5% damping ratio) and Arias Intensity was
calculated. Ts for each record were calculated using several frequently-used definitions. Artificial
ground-motion acceleration time periods were generated and were used to reproduce artificial Arias
Intensity.

The statistical difference between real values of Arias Intensity and artificial ones were identified. The
proper Ts was defined as the one that minimizes the difference between the statistical mean of artificial
Arias Intensity and the real values. Additional tests showed that backtracking of Arias Intensity could be
improved in a statistical sense by using both the response spectrum and proper Ts parameter.

Keywords: Arias Intensity, Strong ground-motion, Response spectrum
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The detailed explanation of the strong resemblance between Fourier
Spectrum and Phase difference Spectrum of the Seismic
Wave.(Science of Form)
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1.The phase difference Spectrum and The Phase Wave of the seismic wave.
Fig-(1). Show “The relationship between the phase difference spectrum and the phase wave” . Please
refer to reference (3). Find the phase difference Spectrum from the phase wave on the right -hand side,
the peak position and added an expanse state of Spectrum are in perfect harmony accord. In short (in
other words), in case of the frequency of the phase wave is high, the shape of the normal distribution of
the phase difference spectrum is build up sharp. And in the case of large frequency get a flat normal
distribution of spectrum. This phenomena stand up all right frequency is high or low. Of course this
phenomena is reversible was stated reference (3).
| shall state a next item 2, the seismic wave and this phase wave should be a one-to-one relation. And still
more the Fourier spectrum of the seismic wave and the phase difference Spectrum should be a
one-to-one relation.
2.The Fourier Spectrum and the normal distribution of seismic wave.
We think that the case of the epicenter length is becoming shorter little by little. The large epicenter
length to get along with, the seismic wave energy is dispersed in every direction and still more had died
out. As a result, the shape of the Fourier spectrum don’ t become a hill shape and happened occasionally
a pointed shape. The shorter epicenter length to get along with, the shape of the Fourier spectrum of
seismic wave is formed a hill and soon are considered the shape of the normal distribution.
Reference. “Earthquake” written by Seismologist KIYOO Wadachi. The Chuukou Library. (A pocket
edition) 1933 and 1993(reprint) p.99

“In the near area to the epicenter, the earthquake have very sharp motion. In many case, intense vertical
motion happens in the early shocks of an earthquake. The longer the epicenter length little by little,
vibration of seismic wave become slow little by little and becomes superior in a horizontal vibration.”
The shape of this normal distribution has flat hill and besides has large frequency of the peak of the hill.
But get shorter little by little, the shape of the normal distribution (or Bell type) becomes sharp and
becomes short frequency.
Moreover make the short epicenter length, we shall study the normal distribution theory (Gaussian
distribution, Mt.Fuji-type or Bell type) of probability and statics.
In the reference (4), | have explained the KdV equation.(literature (3),(4))
Abstract
1. The shorter epicenter length shorter, the shape of the normal distribution becomes sharp. And this
frequency too becomes small. The case of the epicenter length is large, the normal distribution of
spectrum of seismic wave was not build up. Only build up a scattered peak.
2. On the case of the phase wave and the phase difference spectrum, the same phenomenon too come
into being.
Reference
1. Yorihiko Osaki "Shin Jishindou no Spectrum Kaiseki Nyumon" P78.
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* Reference 1: The very excellent and the easy to understand book. | can say with confidence.

F—7— K : Fourier Spectrum, Phase difference spectrum,. Seismic wave, Phase wave, KdV
equation, Solitary wave
Keywords: Fourier Spectrum, Phase difference spectrum, Seismic wave, Phase wave, KdV equation,
Solitary wave
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