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SEZNRE LEMEBICLZ2BBFRZ TS X T LDEE
Prototype of economic damage prediction system for earthquakes in
Japan

R RN R BT BB AR AR BB B & kg AT
*Hiromitsu Nakamura1, Hiroyuki Fujiwara1, lkuo Takahashi1, Harumi Ishimaruz, Satoshi Shimizu3,
Masato Yamazaki*

1. B RBEAFREAB KB ERMARA, 2. ZBAR—2 - VI MY I 7#HARE, 3. BAT7—IL - TA - TZHKRAR
. 4. BHEXRF

1. National Research Institute for Earth Science and Disaster Resilience, 2. Mitsubishi Space Software Co.,Ltd., 3. OYO
RMS Corporation, 4. Nagoya University

RERIERM - 41 / R=2 a3 VREBENED TV EIEIRNS / RXR—>aVAETOS S5 4 (SIP) OFE TERL
JYITVR (BFK - BmK) Dbl O—RE LT, KR ERMMEMTIIERMEREZORFRREIEE
EBAENETELEANRE LABRERET A AT LDORAFEEEDTVWS, TOVRAT LR, 2EENRE
LI-EBETtEERIANY VETILN, TZOEBERANY ZICR LN —RHP 52 2REOEAVAMT 2F
E. EOICZOREN B PEELABA TRBL2FICERT 2R EFBUWCERBLARBFETIVEHEAMAD Z
EICE>TRET S, EFNICIEHELAZBORBEREY I 2L —2a VEBERPBEVF VA ET—4
N=2L, PFTVAZTEIRBREEBHETZZARECIRATLEZEEL, AABICL2EEROURE
EXX, Mg P EEZEDBCP - JIEOMRMAIRET = ZIBAREICT 5, S OIS, KIERERBPEEZEDE
O, VTILY A LHMEHEHEY AT L (J-RISQ) HSDWEICET 2HEBREIDY AH, MWERERDL
BTOREHREDNDE=Y) VI AEBHKT., TITIE. ECHEHCERICLZIBFOEEHEHICERL., B
BETINELTOELNRBLEERZANY VETILY, ZNTRONY—RICEZEXRR My 7 DYIMERIE
ICEAYT2WHERY. TNOEZRY ANBEELAMESHETRET DY TILIA LY AT ALAIZDVWTHNS,

BEHRETFAONRETIELIRBLEEERIANY VDT —FICDVWTIE, ARRINTWBEDE LTIEER
ERREMTHY ., HEEBCERONS— NEREZTHICRBLAZZEBEEEBELTVARWL, I T, Zh
FNONY— ROEEMBBREICHEB LAY V1 BNOEEXNRELEEARAZA Ny VET IV EBELE, B
BICIE. RERDPLART 2REACFEARNY JOLEET —9EN L. SEOHRINELRH. RINBELHTE
LANSHEERERNRBEARR by 7 &#EI L LT, BET—9PIHFRAA v > 2S5 EICE O ARAE
oL, Xy Y1 BAD32EENERBERANY VETILAEHEBE Lz, BELIZETILIE. RESIE
250mX* v ¥ a2t A X, AEEIES0MA v Y a4 XDEELREEF > THY (2ETHS59008
Avia) | HEEVERSKRONY — NEREZBEUICKE L ZEERET AN TEEE 45,

WEBICLZEARR by 7 OYMERIRZ M 2 RERKIL. BEMRZSEICEEMRZERIHBORED
HEBICEEL. BEOREMEOHEEESHEANEOBETTIVIGER L THE LN 2 EXFRERNER
ERICRBEVERDHBERD NS A —IDEAEDE 2 REXROREERE L, £/l BRICEALT

I RALA R FEFRBEDRKRERET — I N OEXFOREREREEEL 1,

INETICRREZERZA Ny VOBRBEET IV PHEBHRAEZRLARBEREFANOTON A TR T A
l&. J-RISQH5250m A v ¥ 1 DHEEZRE D 2SR, BFICERNARERETNETS. EEMNICIZE
KRNy JDRIBES L UHREBXRAE, 250mA v 2, HRAETA, HEFELEGMTTHL, HMELPREATE
T DIENTED, £/, Web APIZRAVWTFRIFERAZAIBICIRHE T 2HEEERELTWS, BELAETO
NoATYRAT LI BEZRPTHS, . TOTAORNIATVRATALATIRD EEREIIEBEEELRR
My oDHE[RELTEY., ZNRUADORBRESPLAMBEEEEFDRA MY 7IFEATULRL,
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REIC, BEBEWHBICOWVWTE, ZZTREE LEEEMNREEL T TR, EXOBEEEER L /-HiEN
BRBREOTMERFRHERZRBICBVWTIEETHD I DD, SHRIIBEFHREDRE 2 TMARERRFTEST
I THBLMEEENGA—REETETIVE S AT LAICRY AN, BANICKREREATMCTEE2 VAT ALIC
BELELTVWEZVWEEZ S,

HEE ARG, BERERM - 1 /RXR—2 3 VRBOEBHNA /X—2avAlETOS 54 (SIP) TERL

YT VR (BFK - EK) Digib] (BIEEAN : ENHREAREAN BBXRIZEMAEA) ICLX>TERESN
7=o

© BxEZS - S15P-01 -



S15P-02 AAMESA22020EEHEAS

HEET (BERA1H) #BWEEHIBESEICOWLWTORET
Study on calculation of measured seismic intensity using a velocity
seismometer of natural period 1 second

i - BBRT. EHE—
*Ryoichi Nakamura', Motoko Ishise', Shin’ ichi Sakai?

1. REKREMEHREMN. 2. RRAFERFR
1. Earthquake Research Institute, The University of Tokyo, 2. The Interfaculty Initiative in Information Studies, The
University of Tokyo

1. [FC®IC

HWEROMEmOFENA, HBPRIEICK 270D, MBEE2ERT 27HICIE, TESEFE L ORBHRER
T—IDPBETHD. LML, —BICARINTWRENOBERTHIEHAEEIZ, [IRFTICLI2RELZIT
-itzz (INEREETS) GDDEﬁ"&FHL\’C%H:'.éTLtBOJ’CEHTHi@'5792\,\71&) BARONTLES. BIFD
HRAEPEBEREMR TCRONHMERFEZEN SEHABENEONNE, LUZDHRICEITZ2EE%.
MBZEDTEZELEDICRZD, BEHANICAVWSNDHERE, EEAMESNMFELNDE I ENEL, 20
FEEIZLETERWY., BFEE, Badtdbiithis (RE™ - E8™ - BT - HRFHED) ICH W\ TERES
WEHNEZERELALEEE, AVWAHEFHIIEERBEIHzOREST (Lennartz electronicttBLE-3Dlite
MkIll) THo7=. AEEIEH (2020) TlE, LS OHMEOREN LT IDEVELLLRT 578, T DiLiHE%E
AWTCEHAIEEHYEEZETELTWS (R#IEs, 2020:SS)) . 7L, EEOZRHEAVWCEHLLEE
HYED, MEEEHICLZEHIEELEBET 0D, BRTI2LENHZHD, RESHEINEEST CRBFICER
LERSEA B\, LBETEAWL., 22T, MEESFOT—9%2FALT, REUNICEESTOEKT—9 %
EY, ZnaAVWTCEHIEERYSEEZEH L T, KBRS %21To720T, BHREICHKET 3.

2. MEEEMS K UREAE

BHIFEH (2020) THW:-FESTORMEIX, 2Hz&L Y L ERBAITI Sy NAFEEZREDD, ThiWVRAE
HEAITLNILAMETLIEL®, THzE YW HEREEAIT, SSICRGETLRILBNMETTZ3D0FEICoINE
BHHEAERF->TW5.

COMEEDEFICE WEHESNSEHARERLED, EOREICAZNE, HAEIORARITIS Y b
REMEZROBERINZEES THEONARBRETICRF 21Tk, AEIE, ROBYTHS.

BT Sy hOIEERSZZAV, TOIIHUBEHELE (A) Z5t5.
Bo L CRERSFICL, ERTHZEEAORRICHRCRARRSZELET.
IhzWol, BE, IEERHE LT, sHllEEESE (B) 2/£7.
SPAREMRSE (A) CEHARERSE (B) Z2HEY 3.

®0

3. TIBLURER

EEBEHEEAME (MeSO-net ; Hirata et al., 2009) IC& > T201T1E~2015FICEHA SN~/ =Fa1—R

© BxEZS - S15P-02 -
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4 EDBO6IEHZEZFMA L. TOMEF L. ERMIOREAMETI Sy MR ZROINEESTH
%. i (RN 5-20m) IRESNTWSH, HRICKRTNELEEDEICASD, SEDRETIC
&, ZOREIERL.

fRTOFER, THZEEEHFMICL 2EHAREMRSE (B) &, 75 v MRFHICL 2EHAREMRSE (A) ICH
NRTEHNIC0NRBENS KRB I ENREIN. TOFREREFOIIBETH 2D, HICIF, 1.38E /NS

BRBE3LDELHB.
S1&, FPAREESEDEZEDEVDERICOWVWTIRE L, BREREIERABEZTEHTHE L.
HEE

AR CEREEZHAMAR EHEEFLELELIYVIVABEIALETOY 7 b O—&RE LTER
ShFE L. FHABREDHETE. IXRAZFEERZMABMAETCAF SN TVS 7O/ S LEZFERSE
TWelEEE L, EBLTRHWAELET,
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2019F L EHDMEDERET IV & Z DL
Source modeling and characterization for the 2019 Off-Yamagata
earthquake

*2 B
*Yoshiaki Shiba'

1. BRI R

1. Central Research Institute of Electric Power Industry

20196 A18HICHKE L ZILHEHDHEM) 6.7)TlE. EBREEEOHREN EHRE TR RAEEGHE %
% L7, AIERUpGU, 2020)TIXIRERIN S Y — VA A A WBERHFOBRA Y N\—Ya VEREEREL. &
BRI EERIARNYEEEZETIERETILEMET DL EHIC. 1964FFRMEM] 7.5)DER
BEDOBERICOVWTEMEMICER Lz, AT, s CHESIhZILFEEROEDEFRARICD W

T. 1964AFFRMBEDOREICHE I RAZCLOEANSBERLZEEBIC. BRETIOHMELEICKZET
HREHOBIRMEORIEAEREL 7.

Shiba and Uetake (2011)id. EEF - SEH(1991)IC & > THRE SN 1964FITRMEDRESHICED

. AEOMIBEETTILE LTRE84 km, 1824 km TILEER OMMER AR E Lz, FIBHEORES
. BLURELAEZMBEETETI/ILOIHERDIE. 2019FLFEHDOMEORESHS LUAEMBEBE & 20
BICER>TW3S, 72720, WHEHROHEDHEBMEMNAIIERERIEHEEINTSY ., FIRTEOMERT
FILEIFHEDORERICH D, FIRTIE. 1964FEFBHEDITRY B ETILO S I EHDHE DR ER
(TRYAIOE) ICWT 37 —OVIERNZI(ACFR)EZEELE, ZOHR., IRhEL FER S VK
EMBEORERITIEZ., ACFFATARY 2 RETIEDEEIRMZ I EAEE L. hik, BRA Y

N—=2 a3 VEBFRRICBITZ2ITRYDKEVWEEE EEMICEET /R >TWS,

RIS, BONEEBRA UNRN—Ua VERICEDE, LHEEREREZRERIAT 2-OOERETILORIEILES
HTz, BROBFMHLETIR, TRYELSTICEMBADKE WSMCADMUEBERUVEE. & SICHHN/NSA—4
ELTEMISHA., 74 X914 L, BHIECHBEEREREEARET D2HELNH D, I I TIESMCGADAIE & EEILA
VN=U 3 URERELTOIRYSHEETIANS—EICEKREL. BT A—YICDOWVWTIHEEAELEER
WIRBBROHEAEHOEEZRR L, BENERIE. BIFRTOA v /N1A—2 3 VBT ER C148RRD. RERKE
EMRESRFOL2/ VL (REZFEM) & Lz, BB, IHIOMRES TidSomerville et al. (1999)DEAE (%
WL TIEDSMCAZHE L 7=, BITOER, FEEAISHEHEVSMGAIZD WTIKBOINERNEL ., BRIEEK
ICHTERENFEAERVWI ENELSHER >0, RIEMICIT2EDSMGAN 525 MIEETILE L
oo BONIRBEETIL T, 2BEDSMCGADEMISAD ZNENH13MPat 18MPat Y, EFIL2EKDE
BHEL RIVIEE - 1(2001) DR —Y Y TRNCIZIF—BT 2R E 0 o7z, —H TK-NET®KiK-netith K2 5%k
ICLDABORAMEES G, BFOERRRER (7 - 2)Il, 1999) & EREMSOMUTTLKEETEZ
CEBRLTEY. 2019F U EHRDMMEDERERZIL. IEEMEEFDOKRE L NI)L & L TIFFEEHLE
ThHol&EZAbhd,
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RIRUEE O RBH/ LR & BT EEE L2201 6EEAERORE
R

The rupture process of the 2016 Kumamo earthquake considering
long-period pulses and ground deformations in the near field

“EFH A, BERE —#'. K IREA

*Hajime lwai', Kazuki Koketsu', Hiroaki Kobayashi2

1. RERREXRZRMERRAERMEE. 2. $X/ MEEZMRA  HhBMERRE
1. Tokyo Univercity, Earthquake Reseach Institute, Koketsu Laboratory, 2. Ltd.Takuji Kobori Reseach Institute, Ground
Earthquake Research Department

1.1 X C&IC

AR TIF2016FEEAMEORKIANY NOERBELZ. ERMEEEICS T2 TRAGH/ LR (RAH
DNIVAE) ORAEERE L CHEERNT 2, RE/NILRIE, EEEFHHEDL I BRKELARE/NNILRAT
BHBOIoNBEITTHRL, RERMBREE (BNEL) 280 EVWOFBEF>TVWS (BH, 2016) . L
L. BREMBEEICHIARNPRBITOEERARORERHN T — 928D TERI /1 \—VavE
ToTWVWABHRBRIFIIEFRICR SN B 713 TH < (Kobayashietal.,, 2017). ZDRSN/-HERTHERMETED
R EEN T — I DY ANSNE Z &b o7z, FZITAMETIE. AR CEIBETICES T INEELHE
ST AHE T 2HA%ITL. Kobayashietal. (2017)DF—4 v MIENSHBLEHT—4 5BMNL
T, BERBEDY aA VY M UyN=I3V0%1TD,

2. BEMB R EDBEE T — 5

TR ORESNSA (L TI3048) & 2B D BB R (U TI3051) DIEE T — 4 1K LT, &S %20
A& o TEMBHEBD LA BRET S, EFMEET—F IOV THAB L BDNBEFROFE
FTESBEOT—SEAV., 1EMAT 22 &0k > CRERMEBL, BONEERTIE, MEERHO
BSELICE >TRELTLES>TVEDT, RRBELETo7%, BEBENORERNEy, (1), BISBIES
DEERHE,OET 5, £TRITHENICRENILE SBMLERET 2, TERERBOLE, v 2RO
ESHR EDTTOMEE LT, MO &S v, RE L,

v,(t)=v, (t) (t<t_)
v,(t)=v, (t)-v,, (t-t )/(T-t) (t>t)

ZLTHELEREREZE ) —ERD TSI LICL>THELNE, BALIEFOK DY 208 DOFHE % HhiRE
BDRESELTRE L

3B.ERAVNN—=Tay

AVNR=YaVvFEER 7)) —VBERHEL MBETIVICDW TIEKobayashietal. (2017)XALEHEDERW
oo AVYN=IaVET2EBROTARYDHIEIEP@DLI IR, ZOTRY DO LEEINLZER
MEEZE) (SYN) & ERIMFRZE) (OBS) DKEMRD %= BA(b) TLHELL 7=, 93048&£ 93051 % SHMEIE
WhE>TW3, QDT ARYHFHEAEKobayashietal. (2017)DEDELET 2 &, ERMBEEDMBLES
T—HEBMTDIEICEY, FILB T2 ITRYD—HAF2ICBE L. N DOF2OZXVWEDICES T DIEAD
RTEN3%, ZDER. Kobayashietal (2017)&R L & 5 ICF1 EDNEX-(i). F2EDZ-(i)~(iv)D 5D
contribution7213 T93048DEXREE R AW TH D &, TNEIFTRAMB/ NIV A A8EIAHRBATETWVS
ZEDHD B (EH((c) » /2. Z-()~(iv)ZFNFhdDcontribution (s#F) (XITIZFEBERICEIZEL

T. directivity®IREZEI L TWB I ENRTEN S, —H. 93051ETD/MFEY-()~(V)D TR (&
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Kobayashietal. (2017) 6 K&K ZEH B &I BHRVDTIZ0STICH T BIERICEITRWV, UEEFEDHD
. BEDODERAVN—23 VORBRICKYERMBEEORBE/NIIVR LB EEH ZFHATE T, FHARE
BETINEZEZDZDEIFIRV, thOMELLERT 2L, BAMEDIZE, XVLWT7 AR 74 & LAZ ORIEE
BABEICR>TWS,

| | 0
1

THHE 51
L " L L ABOTOT
-12 -l"_ . ]t f) !
= F o 960453
1 ity o \ snfrno

= i I 7 i 12N

%_a J VL 5 _ i guﬁ‘m aTiBa

? | ! . fEce

] | ! lg ‘JW.J?OH aslame ap0aTa

s 0 | 1 az{oFa R

s \ pp— d
) = o L 021081
e Ess _%ll.'lnng sﬁ&a‘*{m;. 8 w2
[m] 328N
5
4
3 E
2 G547 4em
621073 Yo
1 24N 5 S
anars
|
(
Q
-G a 1304 120 8E 1312 30 km 1MEE
along srike (k)
200 150
c) 93048EW
. () (d) 93051EW
100

—O0BS —¥(i )~(v)

—OBS —X{ i J2(i )~[i)

Velocity (cm/s)

Time (s)

© BxEZS - S15P-04 -



S15P-05 AAMESA22020EEHEAS

2019 ) v U L R MIEM, 7.0)DEIRBFRE : 201 6FRERME & DL
B

Rupture process of the 2019 M, 7.0 Ridgecrest earthquake:
Comparison with the 2016 Kumamoto earthquake

“INKR RBR'. TR BEAER. BERE —ig®

*Hiroaki Kobayashi1, Kentaro Motoki1, Kazuki Koketsu?

1. /NESEZERRA. 2. RERAZEMEMIAR
1. Kobori Research Complex, 2. Earthquake Research Institute, University of Tokyo

2019F7H6HICAN 724 0WL=T7D) vy UL R TM,, 7TODMENFEKE LA, ZOMEIZ2016F48 ICHEE
LE—EORAMEORRAANY M FIERBETHSD. 22T, FFRTIEIOM, 7.0 DHEDERBIZER
#r&1T\V), Kobayashietal. (2017)ICK 2HEAMEDORKA RNV b (UUF, BBAMEET2) ORAERED
g EIT o 7.

ERBTEMHTIC ILFRE R, high-rate GNSS, static GNSSDIFBEEDT— 9 &2 FA L. BERFET—4 &
SCEDC& W AF L, high-rate GNSSI&Melgar et al. (2019)IC & %, static GNSSIZUNAVCO$ & U'Floyd et
al. (2020)IC & B F—4 W, BERFES & Uhigh-rate GNSST—#41£0.05-0.4 HzD /XY R/RZA T 4 )L
Y—ENFTTRERMEZRAW-. £, BROBESARKICDOWVWTIE, MEELHELSOMHELZMA C2EESS
LTRONLEEMREOBRBEM LA =Y a VICERALE. A VNR=UaVFEREIIVFIMLT4 VR
VIR A v /N— 3 ViK(Yoshida et al. 1996; Hikima and Koketsu, 2005)2 W /=, ') — v EARDETEIC
I&, CVM-S4.26 L WIBELIDDKEXRBEOREEEET I EFERAL L.

BB €TV IZHRIMERTE (Ponti et al, 2020) & RESH% (Lomax, 2020) A#5E(CILER - FEB - EED
3ODEITAYVINIORZIETIVABELE. LEBEI A Y MEIPPERAERN, PEHEEMOEI XY MEP
PERENE L. 827 AYMNORIEZNEFNI6km, 12km, 24kmE L, BIETRTI14kmE Lz, B
RiFLomax (2020)IC & > THRESNMAEZAV, ERES EMBORBILOEE LHNS kme L. 1~
N—2 3 VBT TIIEE A2 kmIU A D/NRBICH T 7=, /BB DO ERFFEREEIIE1 M OFMEEH A 12EE
CZETRBELE.

RTDIER, B—9 14 L7042 R DIERRRZZ RO DIBIREIHFRE (Vr) [F23 kmeo7. RIEIETE
BEOSEFTIAEICKEHR, TORMRICEAT. RATARY (7m) EEEL 5476 kmERDHEHLEI AV bk
TRLoNE., ZOEFD, FEITAY MIEMOITRY DE—I P ERERMEZONLIEH, mEtI XY M
AMBEDOE—J7EFOITRYDELNEL. INORTANY OMECKIEBRIEEIEMZE (FIAIL, Luetal,
2019) EHEREANTHS. HMEE—A Y ME4.5x10""Nm (M, 7.0)& 7Y Global CMTIC & 3 H#EEED4.4x
10" Nm& IFIF—H7 5.

JFon#ER%, Kobayashietal (2017)ICL ZREAMEOHERE KT 5. EEAMEOEMEDOR S 1X54
kmT, FEYyPILRAMBEELRALCTHS. miElEKobayashietal. (2017)22&E L TW3EIMEB %R W T
HREXRMEDIZF D APPREIL, THIZEDEWICES. 8, Somerville et al. (1999)DIREEIC & 2¥TEBD
N)IVT%EF>TH, MMEEEICHEBERELLAN >, BABEOHEE— XV b (43x10"°Nm) &
DI LA MNMEEIFEFRALCTHS. £, 2EOE—AV ML —MNEIBEHEXRERKIZERBLCTH- L. &
RKIANY EEMELERVBOICHAELTEY, ZDEEF) vy ILZAMEDIEIAKRET VA, BRAMED
BRRITARY (4.4 m)IEEBEZREL TWAEBOTELONTWVWSHOERIFEHL L. BRAMEDOEZRITHNII
km&SR<S, Vrid25kme, Yy IO LRAMIEBEEARREWY, £, Yy PO LA MNMEBRBERSY A L
T4V RIBELZL, BFICERBANDRIBGEEREIENRYEN>EEZIONS, £z, FIBELORKDY
NYBRELREAMEDIT D HREL.

AFFRTIE, 2019FY v oI LR MMIE (M, 7.0) OERBEMEN%EITL, Kobayashietal. (2017)I& 2
2016 FEREAMEDHR B LA, MBR, hET—XV N, E—XAV ML —FEROE—JITEHETIX
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FIERECTHY, FATANY EAEMBLHITEVWEDICHEL TWS. —7F, REGCEREPERRITANYRER
VoL MEBEDIF)NEL, ZOEHD—D & L TRERBRIRS DEZVWHIBERL TV ARENER
5Nh%.
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2019%RidgecrestittE (M, 7.1) DEEENEM & HES) >
al—y3av

Strong Motion Generation Areas and Ground Motion Simulation for
the 2019 Ridgecrest M, 7.1 Earthquake

R —B =E

*Kazuhiro Somei', Ken Miyakoshi'

1. — iR B EE A it B2 R IG A 92 Al

1. Geo-Research Institute

KEAY 747U vToL XM (Ridgecrest) TlE, 2019F 7848178339 (BEHFRE) ICM
6.4DME%E FHins L THEFHNERILL, B4HOD7H6H3K1947ICM, 7.10ME (20194 Ridgecrestits
E) NEELK. 2019%FRidgecrestithE X, ERDEI D SkmTHETNE OAEMMBZRAMETH > 72
(USGS, 2019) . Co#EICL > T, ERAEDDSouthern California Seismic Network (SCSN) MDi&EER A
mDOL, MBREE#MNEL (93 km) CLCECCCO2ithmMEERIEE T 5 &, ERMAFEDOCLCTIE, &
KIEE AR AME) 500 cm/s?, |AEELO cm/sHEIIE N, BRA S35 kmERICMET S
CCCTHE, mAMMERESS6 cm/s®, RAEEGI cm/sHABRIS N, ThoDEHREESE, BIORAEE
&, HEEFRAX (- )|, 1999) OELFARETHY, BRFEE LTIE, FHREOAREMBRNMEDF
PREEWZ EMBIGRINE D, BRIRERMICEE T 2L, 2DULEDER/ Ty N HBERTE, BHAE
RIIREBARTH > EeEZAONS. £, AMEROMRBEECRMEIRICK 3L, BRETEICH > THizkith
EMBIAELTWR I EIREINTWVS (BIZIE, USGS,2019) . 2019%RidgecrestithE (L, BAXDEE
L1 HzZL T DO EF R R MERICEDWAEBRA v NN—2 3 VEITICKY, MBELOTANY SHHH
EINTWE (BIAIE, Liuetal,2019) . AMETIE, 1 HZULOEEARE ST LHEOMEEREMRBEE
EIRY B720HIC, 20194 RidgecrestthEICH 1750.2—10 Hz OERBIMEEN # BIR I 2 WEEIEMI (Strong
Motion Generation Area: SMGA) IC& > THERINZERETILEHTEL .

AT TIL, BRI —BEEE (rikura, 1986) AW AwEEESH I 2L —2 3> (0.2—10

Hz) %ML, RIS —VEHIE, 2019F7B6H3BF169ICHKELLM, 5.00ME (BRE) ik
EEALE. AAETOERETIVIEL TEZRUBMAETICERAIRFICEONZEROREE Ty N &8
OhBENEES A2 BFIRT 57010, EAFDSMCA.R3MIREL, EREEISDOESEEVEDELE. &
7=, USGSHLRARAENTWVWBE—X Y MFUYIL (MT) BOLAHRERESHASEICLT, LE—ER
EAOEINETBE %% E L7=. SMCANDHERILIRIRMAEAS, WERE, SMCGAODKEZ, F4 X851 A
&, BREADND16MRIMDDEHEOBFRMEA R T, ATHERMNICHELE. BERTELONEZIKD
SMGAIZ, thEREENICAEL, ER{MIEICSMGAT, ERA SILFAIICSMGA2, ERA SERAlC
SMGA3DIEICHEE L 7=. SMGA1 & SMGA3DIFIRIZFERAMIC, SMGA2DMIRIFILFAEABICZTNETNER
L, SMGA2&ESMGA3IE, ZNZENSMCGATDIFIRRAIAN 5 271%, SHRICIIREZRIALE. INoD
SMGAIZL & - T, ERBEMTHAINA0.2—10 HzOERMEENILEFEHICEBIR TSN TE . kL
BHEERFICRONZERORE /T v ME, ERDVSERAIOERRTIE, BRIITERIEDRE/ Ty b
DIR\EHIREKREL, INIIEBRERICHBDSMCASDHEELEZONS. — AT, BRI SILFEBIDER =
TlE, FIH¥DORENNT Yy POIRIENAKEL, ZhIEEE L TSMGA2OEFETHD I EIHERETEE. S

%, SMGADNRZ A ZIZDVWTIK, )y RY—FHFICL>-THRBREERET DL EHIC. BRIV
N—2 3 VLK 2ERBIEBRIEE SMCGAETIILDLER ATV, EKHEEBOMESHEMRBRERICOVTERETOF
ETH.
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SEE : Center for Engineering Strong Motion Data (CESMD) A5 2RI N TWASCSNOBEELSHZ=FRL
¥l AR, RFARFTOST2EERFAEZEMEIRERTE (WERBEORKFELCERET
WICKR D] BEO—IE LTEBINELE.
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LMGAZZE L 7R BERETIVICK thRMBETE R ICE T HKA
ZAEDOE—BHEHREDIZE —

Evaluation of permanent displacement near surface rupture based on

characterized source model with LMGA -case study of reverse fault

type -

“WATC BBIR'. ERE . AR ZRER®

*Yasuhiro Matsumoto', Ken Miyakoshi?, Kojiro Irikura®

1. Gt ERFRAT. 2. hishBRIRIB AT, 3. BRIIE KRS

1. Kozo Keikaku Engineering Inc., 2. Geo-Research Institute, 3. Aichi Institute of Technology

MR ERTE LS DB ENFEERICIE, 2016FREARME (M, 7.0) DL BRETEESICHWKAZRMAIARND
(FBH, 2016) . TD&DRAKAZENIE, HMEFREBLULDOXEEIEICLMGA (Long-period Motion
Generation Area) ¥ AKX IR IFOL S REEEZZELARHELERETINEZERAVWS Z & CIHMETRETHSZ Z
ENE L DETHE (FIAIE, T - R (2018)) TRINTWS. HMEEEHDL SFHE S N 2 BAIRF D KA
B CHREHTIETOMBEA LD TR OREN B RIS N8, ThoDERANENSLMCADTARY
2 (Dyyer) EHETEZEEALNS.
AREITIEZ, 1999FEEME (M 7.6) P2014FERFRIHFOME (M 6.2) DL D AFRTEME % HRIC
BAIED 5D\ EHET DI EERKANMBME LT, BUDIK—KRIRYDOBRET I, RICLMGAZEE
LEBMEERETILATRIC, BESI 2L —YavICEDWTHRBENRBIEEDKAZLAE %
L, BlRETOMBALOTANYEEDOEREEZRETT 2. RIC, ThSOBEKERAVTEREDMIRIME
A E DK ABERED 5D EHEL, &5ICM-D, PERROBRE AT, FREFTHVWIHEY
Ial—YavFEIEOkada (1992) DAL EI 7O/ S LEBWS. KAZA % SO hEEMFEIC
Hisada and Bielak (2004) DiE#IEDEN H B D, HEMTEEET IV ARELELBE, KAZMNEIEEFE
TRLERIBONDZ I EEBRALTVLS,

(1) —BRIARNYOBRETINVICHY 2 MRMEBERERLFEDKALME
—HRIRY THRELLERET VG, MELmRSIIMRKR, ENEE301S560°0DEBT—R, Y AF1E90°
EERELE (H1E) . BEYI2L—2a vy THELNAEEIRFHIERORBY TH2. s, LUETIEFME
RDKALERE DKL %D LT %D 3D EM %D MEBE LDOFHIRYEE
fault avec\:' MR EICT S.
R b L —ZEBEDOTERDD, scomp/ Prauit el BRAICE > TR 2, EBMAIZO.7H50.612E, —
7, THEANX03NS0.5BE & EBAICLERTHhE W (M1HR) . Tk, HE2—EDOERATINYAZE
EE BB, Diie nor/ Drautt ave ¥ Psite ua/ Prautt ave FEAET D=7, Dgiie 3comp/ Prauie ave BB BEILIER 50
¥, TOBIONZRITHBZ e Dh o7 (BA) . $748bS5, BRALROHLZHEDRDICERT 20
T2, 3B EMK (D ) NHOZDFTARETDINYEZRERHEETE 2 I LN TRINS.

site_hor? site_ud’ site_3comp’

site_3comp

(2) LIMCGAEEOHMEERETIVICR T 2 ithRMEMBILEDKALLME

REEDOEFEMIEERET IV (SMGAE ESMEE THER) ICLMGAZ A THRE LK. SMGAD EIFHEEE2 km&
L, BEHFRL S EICH> TSMGADTRYE (Dgyep) HEDg 2 PHI2ME, 7o, =E - b (2020)IC
it > TDyoatdDgya EM L ERE L 7o KAEME DR IGHTEPROMBER AHEICERE L= (K
2K) . BEYV I 2L —2a v TELNAEETREFEHRIEILULTORY TH 5.

W3 b L — RSB EBBIDD,, .. /Dy e EF ML —ZEFETIEY RSV (H25RR) . Thidih
=ML —EEOF oL RDKAZELME (D ) IFETEEmLEOFEI~RYE (D ) Tlxa <, M

site_3comp fault_ave
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HMRBETDFTARY DRKERMGCA (Dyoa = 2XDp o) PREEZBLSRITB7DTHS. Dy, L PHRDYIC
Diuca CERIET 2 &, R ML —ZEBEDD,, 50me/DincaE—H TR DETIL ERARDOEL TSN (K
2%) .
Fre, TITHRELEETILOBE, RN —Z2D 510 53kmIBEUROTE R DOKAEME X, Lif
RE2kmICRE L72SMGAL W 6 ZNLURDLMGADF SN RKE W E BB TE 2. LEN DS, HRMERT
BISRE VT R OBUAE (Dyy scomp) D5) LMCADIRNYBEHETE S I ENTREND.,

(3) AR THELSNEBEBRRICED D PHEE
AR TR ONTD, 5eomp/Divon & EEBRR DD, 5 DD, ETFDD o EHEL, THIID6&HM
BE—XY N (M) OB (Mj-D,,) ZHETLE. Ad, RNREARGHRBEBIHEHL S92 kmlRE L
7z. ZEE - b (2020)(d thRIEBUTE LB N 7= EPIS D SIE D IREH AR PI B (MW6.3~7.9) & T RICM-D e
DRT—=Y Y VAERRLTWEA, FRETEONAL I ICERABEEB LD, 500,/ Dinen®BA L7235
A, BICTRAICMHBET 2HARDOKAEMD SHESNDELMCAD T RY EHM-D o PR T — Y v JRIE
F—HT BN bH oI,

HEE  AMRO—BIXRFARBTICK 2 HH2FERFNRZEMENRERZTE (RELHEORMELLE
BETIVICHRSRET) FHEELTEESNE LA, 7, Okada (1992)ICE D REEB 70U S ALIEBAKFH
FRMARADOF—LR—I LY REILTWETOTSLEFERAIETCWELEE LA, BLTEHWEL
7.
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T

Theoretical analysis of the long-period velocity pulses observed in the
2016 Kumamoto Earthquake Sequence

*EK EABR', EEEE. MAEE'. 1!

*Kotaro Tarumi’, Tomotsugu Watanabe', Masanao Komatsu1, Hiroshi Takenaka'

1. EILXRZ
1. Okayama University

1.Introduction

2016 FREAMETIE, ERMEBC CAEETEE7Z2RH L HEENERAI N, WBREBZH > RS LEE
DFEELL. BICEKEWM,,,7.3)TlE, BARNNG (BXEREBEARAEESRNE) ICBVWT, RSN INEE
EENODEDICL D &, HMENERE TIHEFEBEBHNINORBMRE /L ZADNEWKS EUDMD TR O, HiE)
ERTIEKEE), ETFHHICHK2 mOKABMIELEHEINTWS. 2016 FERMEDRIEE REICE
TEHERMBOIARY A VNR—=Ua VOMRIFERITHONTEY, TOZLTHRNOETICTZAR) T4 8
FEL, TORFPICETZHE7OY METARY 714 FiRfOHEANSHREICAN > TEITLZI ENREBS
nTWwa. 2078, BERNNETHASW -REAPEE/VADOERERRAD, HEZ OV MOETHR TR

SRICER L TKIRIE/ L ZAHDE U 20iEREAY (Forward directivity) 20D, H 2 WIEREB Z < AET
Hld 2iaHIE, FREEOMRROMERINTWVWS., ZITERFRTIE, ERMELZBEMIELEZETILE
HREL, SEBRHEHEDOERBETEENSE L 2iAMIE, HEE, EIEZ 08 L -ZEAORITHE (F

K- 4, 2020, JpGU-AGU) ZAWT, REHRE/NVZADKEICD W TIERICIRET L 7.

2.Simple Asperity Model

Figure. 1IE AR TRELLZFEBICV VY TR T AR T4 ETIVERRNEZB LB R0OBITHS. K
P Tlk, Asano & lwata (2016)A2B&(C, ARNETFEHEINLZT AR T DHEETIVIEEL, ZDOFS
DHEEELZ. HEEEROPKEEIL6.0 km/s, SEEREIX3.5km/s& L, 7AR)F 14 DEZIX10
km, 1814 km, Y3 7m, 4 X894 L1.5s, IRYA-140°E L1z, 7ARY 71 WE%ETT 2HIE
78V MIKET, BRCEHEREISEEEDO.78fF& L, thR@MICAA > TETITDERELE. £z, i
KETCIKEBRFXAOMRE LT, REZ2ELTVW5.

3.Numerical results

Figure. 2 (I HhENERE (KEKSD) OHESERZREATRT. 2ZAICMA T, EHIE (KRHFR TIEAMIE S B
HOM) EERBMBBHREKICRLTVWS. BRI, FEEICOVYTIIUAETILERVAICEEDLS T, ARNTEH
AlEne (INREZENSHESNL) RERP ORI, FICEWH S & UD S TEAI S n7-BFREEHN3F D
REAPRENIVRAZBETETCVWS., ZOFERICLY, REPRERE/ NIV ADERKICIE, AHIEAEICFESL T
W3 H, EWHKD TldEMIE (FIEMSK) 3F5LTHEY, HRERMEOMREEZI O6NS. EEOERE
ROBMIVCERBEBOFTEE2ER LAABERETV V%5295 2LI0E-T, JYRLKHAEFKEZBHRT
EHHhE LNV,
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(a) (b) Station N235°E
ANorth —

= 14 km

o

2

Futagawa fault ED "
10 km
(¢©)  Ground surface 4 Station
A A’

Rupture direction

Fault plane

Figure.l Simple asperity model in this study. Gray and red ((a) & (b):region, (c):line) show fault plane and
asperity. Blue triangle denotes the station simulated as Nishihara-village. Blue line and vector indicate
rupture front and its direction of propagation, it propagates from the bottom of the asperity to the top of that.
(a)The relation between the fault plane/asperity and the station on North-East coordinate system. Strike angle
is set as N235°E. (b)Cross-section of simple asperity model across fault plane. Length and width of asperity
are 10 km & 14 km. (c)Cross-section across A-A’ (Figure.1-(a)), showing the appearance of the fault under
the ground. Dip angle is set as 65°.
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Figure.2 Numerical results of ground velocity of horizontal components. Black, red and
green dashed lines indicate total displacements, the summation of near-field term and
intermediate terms and far-field terms, respectively.
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BH 714w T4V IICKBERT) —VBEROBREFEDER
Application of improvement of Green’ s function by waveform fitting

EE B BRE. R -E SEH
*Kunikazu Yoshida', Yujia Guo', Kazuhiro Somei’, Ken Miyakoshi1

1. —REMEIEA thig 8% IRI% AFRAR

1. Geo-Research Institute

EHIRERFE AW B RBREORENT (BRA v/\— a3 V) TlE, Br0BRTMIBISDT Y —V
B AERNICETET 5. 7Y —VEROKERER, BRAVAN—VaVvOoRTREERE<EET DL
N, INEBYICTEMT 2 EITFEEICEETHS. 7 —VEHEBEERCTHAT 2 AEE LT, MEE
DEMEHHI AT E L <CBRITZ2LOMTEEETINERARTZIETEREDT ) —VERE RO DK
o749 T4VTFEENDHD. KFARTIE, LIMGAOETIMbAEBEZE L THhREMBHNIRN/2010EF

Darfield# E(Mw7.1) & 20194 Ridgecrestitt E(MW7. 1) E X RICERA v NN—YavBEFELTEY, Z

NSDHMEDERBMEDER SANRIC, BET4 v T4V TICELBTIRTEEETIVICEE ) — VB
DERELEHML.

EARMLMEITFIEIL, Yoshidaetal (2017, EPS)ICfito7-. EBRMIEB < EETREL/NMEEBTINRE
LTEEL, BRMAE, XHW-XLRBIIBEFMREOEREZEEIC, T4 X941 LIEHTHERTRET 5. &
ERACIE, BRAVYN=—VaVOBTERBEZZEBLTENESULIICNY KRR T 1 IILY— (FRETIE
BHTV1R0.2~1Hz) ##ERAL, MEEREFIETE S L CREKKET 5. ZOFRHET, BREEIERIRTE &
BRERCBHRTZ2LDAREBETETIERLE. RRTHE, MHEBEETIVEZIDNLEBTNIRTIA—%
AT S A-MEBESETIVEET1000BER L, TNOSDETIEEABKRY Y T L v 2 X%[Nelder and
Mead (1965)|= FALWVKRB L TW <. BEO—BEAWE, ~O0-O*+p & LTEHELE. 22T, O Cldzh
FTNERS L UOBHREE, pldRFTIVT1THDB. RHIT 112, BEEE (EOBXYEEREDEWN

B) B335 DE, Vp/VstEDRERA MG - 4h(1990)d % LM &Brocher (2005)|M 5D EFIIL DT HICEET
2HEDEMAIAAT.

2010F DarfieldttEDFEAE L= 21— —5 ¥ RCanterburyttsigiic D W TiE, FICHEBERLENSEESI N
M TEEETILAH Y [Lee et al. (2017)72E], BEABRTERLLIEDVs<3 km/sDHEFEYHE VAT T2 kmEl £
HELTWS., WBREETETILICIENES S 7 112K B3DET IV[Syracuse et al. (2013)|h'H 5. fRITTIE
MAAEATD2DDREEZNRE L. ThODMEOERMUEICKE, BMEMRICLZ2BREERZAWL

. BARETDLeeET IV (HEBETIN) 2SZICNMPETINAEREL, BEFRFEIIEE L CTHEBD
REZRAELTBEET NV EKRO. HEBETIIOERLUETIE, LRO3DMREAEEETIL&FHLL TK
TREBETIVE LEHEDERELKE. b, HRRETILORI2~5kmDVsid2.9 km/sTHD. I I TIEHRE
BEFIEMBEEETINIZZEOERER LAY, S-PERNAE K ELSZERSCIRBRET VRIS AR
TWHRE L.

BT TELONIZBEETIVIE, HETLDOSIRZRIFERELLZELLLTVAL., BohAEBEETILEAVL
TMEDORFASET 5L, SIEEODKFPS-PREDEREHIORBITSSTCRRFTHS. EEgiE
TAVTAVIRFEE LB oD, —SHOEA R TOEBEMICSEDETIVTIFBRTE TLWARLER
EHRROSNZEHRLHD. FIC, FEMBORAIODI 51 AN Fv—FHEORIARTEEES,RESN, &
FEORMEEDHENEZOND. —AT, BRAVNA—2 3 VBT CTEELASEMEDEMEITZ < D&
RTCHIEEBHRTETWS.

7, WAE2019F7H6HUNDICRE LD 7 )L =T MRidgecresttt BEIC D W T EHEIBR=mD T —V
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RO EZEHTWNDE., ZOMEICDOWVWTIE, REFOERBRENEROHREICLYITOITWS. Z
ZTIEMS5.0DREEMBITHRE LD, BREERIGEIH0.8~32km&iEs5DVWTW5., EBROFES IFE
IEICKECHET B0, ERDOELDZICLZ2BITBEROBLEZRITLTWEEIATHS. /-4H
BEETIE L TXRATEZERIZ IELee et al. (2014)| 0 SEBDET I AR L TWD. RREFICIZHTEE
DIFHER, BRREINMERICEZZ2HFEICOVWTCERTDIFETHS.

BEE AR, BRFORETOSH2FERFARREMXNRERTE (MEUEORFELERET IV
ICRBIRE) FXRO—#E LTERESNELEL.
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Seismic intensity simulation of the entire 1923 Kanto earthquake
sequence

*Hiroe Miyake', Satoko Murotani?, Kazuki Koketsu'

1. Earthquake Research Institute, University of Tokyo, 2. National Museum of Nature and Science

The 1923 Kanto earthquake has been extensively analyzed from seismic, geodetic, and earthquake
engineering aspects. Most mainshock rupture models consisting of two slip regions extending from
Kanagawa to southern Boso are well constraint by geodetic data. However, the seismic intensity
distributions of the 1923 Kanto earthquake based on the housing collapse rate show a significant
northern extension toward Saitama. It is well known that several M7-class aftershocks were associated
with the 1923 Kanto earthquake, and some of those are seen in the mainshock waveform traces. We here
simulate seismic intensity distributions of the entire 1923 Kanto earthquake sequence and discuss the
degree of difference of the seismic intensity from the entire sequence and the mainshock only.

To estimate seismic intensity distributions, we employ a set of ground motion prediction equations, fault
geometries, and velocity models with different engineering bedrock definitions. The exact locations,
depths, and seismic moment of the aftershocks are still under discussion and earthquake catalogs show
large variability. Therefore we perform a grid search to measure the sensitivity of hypocenters and
moment magnitudes to seismic intensity. We also test ground motion simulations to reduce the overlap
between large slip regions and strong motion generation areas for the mainshock, which is expected to
shift the current seismic intensity distribution to the west or deep.
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A study on source, path, and site effects around the source area of the
2013 Tochigi-Ken Hokubu Earthquake

ISR DN
*Kazuhito Hikima'

1.REREDF—IT 1 VT Z(H)
1. Tokyo Electric Power Company Holdings, Inc.

(lELC&IZ]

2013FE2A25RICHRE LHARRILE OMEIX, Mj6.30HBEMEICENIDIDST, BRI SHIkmEEN T
KiK-netZE I FAEAI = (TCGHO7) TRINEEDEEAEA I M. ZOERDTE L TEERLERBEMRNT %
ERT5(BIE, 2014)& & HIC, BER~FARDOGREIFHEDOHEEZRNT 275, RELFJAEEZHVWTAR
IJRIAYN=U 3V EERBLEZ(EIB, 2013 ; 2015). ZD#HER, TCGHO7TE#M L 7-5~8HzZIREDE AR
DI, ERETHDTCGHO7TDREAMD SEIET 2HEEICHHBMNICE SN, RN - U1 MEEDR
BRMLTVWSBAREEIEVWI EERLE.

—7, HM-h(2019)ik, F/NEDRFEHEEFENS~SHzORKINEEDEHBERA % /FR L, TCGHO7T
EEDMRICLEART ZDREHMFEH TENAREZKARAYZFWVNI E, SHICAREDTARY NKRZAMEFHOILAEIT
HELHMETIEERMNICKEREIEE A2 & E2RLE. £/, MEE-1(2019) TEAEEREOILA T
EREME L CERBEEBRS 2B MET2/HEIAROND & 2EHL TV, FIEEERNICIZEIME
(2013; 2015) & AMKICAEEDTCGHO7 TOERRF ORHHOER A& - 1 MNEME L TRASEDTH
25, LT, BEEFZNICMATERBEERZLREELNH > LEDEZTVS., LHL, HEIFEYT K
ICBITBHVERM TOXRIRIBHESHOER 2 ERIFHEORELIRA D 2 &1F, ORI KRDEHKTHRHER
BEARONAVRYEZICC WL ICEDNS.

F I T, KREITIE, EEMNT2T2ART MLA VN=2 3 VEBIRICH=RT—9 52BN L CTERERT 1T

W, RESEEBREIARY MLEBruneDw ?EFILTHHELE LR BEOERFEE EELLE. S5ICFAD
HEIC, BEOY A MFEEROABTIET, BENABRETINICRT 204 MNMEEEBTMLE. 2
LT, TCGHO7ICEWTEIRAREMDEWIC & IBEEFEDEWNCDWTEREL .

(ZRT NLA VN—2 3 VERIT)

ARG MLAYNR=U 3 VI ZNETOMBF(BIR, 2013; 2015) & IFIFABORETIT >, ERERID
KiK-netD19& R m DINERE RS = FHA L, JhmDthEk - thhzhZnot 4 MNMFEE kO, ERLLH
EIF2010FELPRICHE L=M3~5.1D95EBETH 5. BRIRFOSHEMEDL 58 HWBDNS, EWKDD 7 —Y
TIRBARY MLORMSICX L T1 HziBDParzen™ 4 ¥ RIICEKWEBLLAEBDET—9E LTV
N—S a3 VB AT o=, B8, KE2HDEH100 gal B A ZERRHFKITMAH SRV, BRITHRER
#1320.5~20 Hz& L 7=.

AVN=2 3V OBEOHRSEMEE LT, hhithESHIE TVs=2500 m/s& i3

FKSHO7, TCGH17, GNMH14D#AEA R = EBELEREL, ThOHDMABEDEREL 1 &9 2HRFMH
AR, —CIEDOBATIR LEEOHRFUEDOAEMF LTI U N=Ya Vv EREL, TZITRKE>QEERE
RELICH L TQ=Q,f" OB TEM L. ZREDHERTTIEZDQEDEHRZEE L/ ETERRANRY ML
B L TIBIEREZRD .

RIS, EERTRESEEERARY MUICH LT, BENSR/NEARZBruneDw EFILES Y v RY—Ficky)
HEL, MOBELUAcEKRDE., BB, FnetiCEWCMTAKRE > TWBHEICDWTIE, MODfEE LT*
nNoAEHFALE.
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REIC, BERARKOY A MEEEHEE LALBRARY M EREBIGEROQEZFE > TEHEEI N ARY MLIC
WY BBHREDFHEE LTFHE L 7.

(AT HER]

BEINAEHEDISHBETEICOWT, BERMEBICKZEWVERELALE IS, 2013EHAKREILIBDHED

BRI TRELLMEL, OB THRE LAHMEICHRTHEEHICPPNSREELERTIENHI o7 (H
1) . —AT, XEOERBOEOELEHERTZL, LBMTOEHIETAELL LI EEANRSN, TDAIE

NEE-th(2019)DIEH L ES L TW 5.

T 512, TCGHO7ADEIRAMICK BH 4 MEBEBERDIZWATEERT 57-0IZ5|fE(2013; 2015) & B DEIER
BICD T TENRFNOFEERSM 2 TE L 2 (”2). ZORETCGHO7ICANSEIRT BHE, ThbLAE
DERETHRE L HETIE5~8Hz(AHA0.1~0.2sFEE)DIBIENEETH DI LT, thAEMSEET

DMEHTIEIZOLIARBRBIIESNAWT &R INE.

(& EER]

SEDRARY M4V NR=2 3 VEREZD EICLEREFTIR, AEOBRREBOGANETEIMBMSTRELL
HMEICHEANTHICKEZEREDTIEAVL. 207D, BRIFEZDEDHNTCCHO7TDOKRIRIENDEER & 4 > /=7
BEMIZNIVWEDEEZILEND. —AT, TCGHO7TADESEAMICK V) BIBISEIERZERIEINE TERE
ICRROOEND. BRENSDMEENIEIET 2 BAEHPARAETCREONEHEARKE ZIF—HITdI &

5, ®iEYHY A MOLLBRBNEETDEGERE - Y1 MEEDPERERFICHERECFELEZEEZA DI ENFZYLER
ns.

BH, BRABICE ZEEFEHEOEVCODERICDWTIX, TCGHO7HAILEERICAIEL TWS I &H SO
EN—RHOHTREMELHD. FOMRERTTEL0IC, WHAEZEBLLERBGERE Y I2L—YaviaEs
ToTWERL.

<BAEHKX>

31/(2014) : 2013428 25BHARILEDOHEM, 6.3) DERBR-3~RBNS L VRS — > BE% H A
L7=f@th~, BARMEZL2014EMKEKRS, S15-P22.

3If(2013) : ARY ML VIN—=T 3 Vv ERWE2013FE 28RBS MEOERBICE T E Y1 b - (GEE
MICEEY 215, BRMEI RS- A4 —2013F 4.

3If(2015) : 201 3EMHARRILEDMEDERIHICH 1T BKiK-netEB AR AZB WY A M BEEICET 51

5, BARERFRAR(ER)ZMEEEESE, 21026.

F-f1(2019) : NHIEDRIE L 7z KIRIBEE O RAEER ~2013FHARRILEBDHE(M]6.3) DKiK-netZE
W DMET~, BARMERBRENFES2019F K%L, SSS13-13.

Dnk-(2019) : 201 3FMHARILEBDHE(Mj6.3)DERIFICH T 2 IGNETEDZEE D HEDORET, BARER

SRR ECkE)2MEEEHE, 21226.

HE - ARE TIIKIK-netS &K PF-netX Hh =X LR, IMA—TLERT — 9 2EHASETRERELLEL.
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Comparison of PGA, PGV, and acceleration response spectra between
the K-NET, KIK-net, and S-net strong-motion sites

*Yadab Prasad Dhakal', Takashi Kunugi1, Wataru Suzuki', Takeshi Kimura', Nobuyuki Morikawa'
, Shin Aoi'

1. National Research Institute for Earth Science and Disaster Resilience

A large-scale ocean bottom (OB) seismograph network (S-net) has been accomplished in northeast Japan
and brought in operation since 2016. To understand the ground motion characteristics at the S-net ocean
bottom seismograph sites, we analyzed and compared the peak ground motion parameters of
accelerograms recorded at the S-net stations with those recorded at the K-NET and KiK-net stations on
land. The analyzed ground motion parameters are the horizontal vector peak ground accelerations (PGA),
peak ground velocities (PGVs), and 5% damped acceleration response spectra (ARS) for several
earthquakes (5.3=Mw=7.0) that occurred after the start of operation of S-net. The largest magnitude
earthquake (Mw 7) recorded by S-net was the 2016 Nov 22, 05:59 (JST), which occurred off the
Fukushima Prefecture beneath the S2 segment of S-net. All earthquakes considered in this study were
offshore earthquakes except the 2018, Mw 6.6, Hokkaido Eastern lburi earthquake. The offshore
earthquakes were selected, such that a sizable number of good quality recordings were available at both
land and S-net stations. We used the ground motion prediction equations (GMPEs) developed by
Morikawa and Fujiwara (2013) and Kanno et al. (2006) as a basis of comparison between the land and
S-net strong-motion data. The former and the latter papers are hereafter referred to as MF and KN,
respectively.

Our analysis revealed that the PGAs and short period (T= 0.1, 0. 2 s) ARS at the S-net sites were generally
similar to the values at the land sites. In contrast, the PGVs and ARS for periods longer than about 0.3 s
were larger at the S-net sites, on average. Based on the subsea velocity model obtained from Japan
Seismic Hazard Information Station (J-SHIS) (Fujiwara et al. 2012), it was found that most of the OB sites
were underlain by thick sediments. The observed values at the S-net and land stations were generally
comparable at sites located on deep sedimentary deposits. Also, the high Q path effect was found on
short-period ground motions at distances beyond about 200 km at the S-net stations similar to those
previously known in the forearc region in northeast Japan for deeper earthquakes. The tendency was seen
for the deeper earthquakes in the present study, also for land sites located in the forearc region. Example
plots of PGAs and ARS (5s) as a function of fault distance are shown in the image for the two largest
earthquakes mentioned above. The panels (a) and (b) show the PGAs for the 2016, Mw 7 event and 2018,
Mw 6.6 event, respectively. Similarly, the panels (c) and (d) show the ARS for the two events, respectively.
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EREMTEONLHMEINTHRICK 2EHRRIFEOIE S D EICET 4R
Strong motion uncertainty determined from observed records on rock
site for Ground-Motion Prediction Equation

TR RIS SEE A

*Toshimitsu Nishimura', Ken Miyakoshi'

1. (—R)ihis 8% BRIE IR
1. Geo-Researchlnstitute

1. EC®HIC

HESFROFENIICEAL TR, BF, HMESRARZOBERE &BIC, E<OMEEFRIX(GMPE)HRE
SNTHY, ThoDOFRRICHT 2ERAURAMEE (PGA) PHRAEE (PGV) OISO EICET 2HMEN
BATWS., ZOELDEEARDZ L, ZOFAREBWHEEFROBECFAORBESE A RETT
D1-HDICEETH D, MEEBTFAOARFEEMIE [ERHRIAFEEM (Epistemic uncertainty)] & BRI
£ (Aleatory variability) ] I35, FIEET —F PHEHOEMTHS TN TESE—7H, BHEIETFRIC
BVWTHITONBR WMBRANAZEE TH D, MEEBFTAXICHT 2EBEDILSDZICIE, BR (Source) . &
#% (Path) . % (Site) ICZNTINOFREREIEETNTVLEY, BFOEBBEERICEVWT. Thb%zs
ATRIES D ZIIRBIRERETOIRE (BANKRERETO0.6912E) cA4->TWa (FIAIE, -2
(1999),Kanno et al. (2006),/£#%(2008)) ., TD & D REVAEDIES D EH 5, BB TERMEICEBIES
DEENBMITEZTIO—FE LT, EEBEEHBE (KiK-net) IC&k 3, OR—#1ETOAEE SDMEST
SxEAWSZ&T, BR (Source) &l (Site) ICLBIEODEA BRI DI VPR TE S, €I T &K
MR TIE, KiK-netthhEEsRA2 AW T, EREICES I 2EHEREMOES DT DRI %21T o7,

2. WAhOEEET -9 R—2

IEERRBEDIES D EDMITICHW T —4 X, Miyakoshietal. (2019)2 &8 L T. KiK-netic & > TEAI
T N=Mw6.0LL E(AH St EEAIMEF-net L W BN O AERRAME AR & L, bt ESAEEEF(SK
EEz2km/s)ICRBINBASOEDEFRLE, S5, MMEREEH200kmI R O EAIZEE KA
10mULEHZHEE Lz, TDER. 2000FE10AH1 52019F68 £ TD15MEBEMWE.1~7.1)HERI 1
7o WIBREHERIIBEOMBETILASOKRDE, PCGAIXKIE2RODRAEE L. SIHEBEHMLY (BRTH
R) ORAEZREFLE, EREHR-MWOT—92HE2M2ICRT. IMSEFETT -9V R3k0,0
JBEIRDS T — 7 I8 L T—EBRICKD S NIREREIBIRIC/NS KRB AREENEZ 5N 5,

3. EBDOIESOED@EAAE

HESOIESDXIF. BEOHEBRREADORETME FAKIC. FHEE L TERRERZA VT, SHIZEER
EELTESLDEERDI, L. BEOMERBICEOVWAERARNEEAR Y, HWEEICIHEERRR
RO, ORETIVERIELTRYT, JIT. ildhEL, jIFRASERTRAFERL. YpreldFHlch
-HEEIEE,. RIFMEBREER (km)A KT, Cs. Ce. CkiZERFRETHY MEEICKRDONDS, Bohiih
EEOLORMEICHTBIESDEIIR2TKD S, YobsiIERAEATRT, IE5DE X, MEREIRH
0~200kmDEEEEX B ic. 10~50km. 50~100km, 100~200km®DIEHXBE THRKDH~, A

B, 0710kmDIEBET —F FHEICE > TEO~BETH > 727, FIFITHRLIZBYBEOEEELI LV EH
T L THRETH SERA L 72,

4, ER

M2l &R RMEDOPCADOTHIREREL T, HIIEREMEEIC, I - E(2004)%5E (2, HigED
g E$T2OICKRAREBAARTOUTRRLTWS, -, SESOHEIIERBFEBEICKRL TV

%, @h5. PGAICDWTIK, FARADEMIEERE(0.19) E ERTHREAARDEHZEERZE(0.23)AKE

K, THICFDIXSDEEBA:0.07)IEFEAAE (0.02)& W EHEKELV, Bh(2009)%1EmE(2010)IXPGATEEER:
EoMICEVWTALTZOY MERICER &AM TREMERAISIELR S Z & 2BHLTWVWS, B3132003FF
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HEALERHE (Mw6.1) DPCGAEEBERZERDFIZRL TW3 A, E3A & BIaMMEA CPCADBRIERAN EAR > T
BY, TNHENTE, BEREEAZLTWVWEZ ENREEINE, ARFIHERHI S, EBE EOEFMHED
E5DEICIE, EEHEICSIT2HEREGRBEAEEBER. H20IAL70OY ORIEIMEL. Filf)ICEL 2
RERNAEEENASEN TV I ARMENATRINAS, BB, SOIPCADIESDEICDOWVWTHRE AT 2

B, FEETIHPGVDIESDEICDWVWTERTIAEDDIFETH S,

HEF AR, BRFORFTOSH2FERFARXEMXNRERTE (MEUEOFELERET IV
ICRBIRE) FXRO—#E LTERESNELEL.
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CRERZRELCMEFFA=2—-5IL - xvy bT7—7
Ground Motion Prediction Neural Network with Single-Path
Uncertainty

EiEBA. JIEZS B KT EE LTS, A BY

*Tomohisa Okazaki', Nobuyuki Morikawa?, Asako Iwaki?, Hiroyuki Fujiwaraz, Naonori Ueda'

1. B{CZRERRAR. 2. B R SO
1. RIKEN, 2. NIED

HEEFHTAR (EEHRR) (X, BREHROORITICK Y IMEHNEEDRS ETHELE S5 X 2BEETH
FE T, BRB/BOMENY — RFEMOEBE R > TWSE, FHORHEEMISEEEEID LR % HHT 2 ERIC
EETHZN. ZHOBME - FASICH IT2BARHREORT L. TROME - BAIRICH T2 REEMIC
EERTERTMENZ & WD BRI I N TLWS(Anderson and Brune, 1999), £, SAIREDY 1 MK
PEREENBHTEZIEICLY., THEEMEIKREZCEDT B ENHREINTUL S (e.g., Atkinson, 2006;
Morikawa et al., 2008),

MR - (JpGU, 2020) Tk, ERBIRIDEANETZ=a—FJ)b - xy NT—I(NN)EFTIL &R L. BT
DRHBELITEANTZIETIVEY ETHESELIBEISEVP TSI & aRmLE, £ BAIRIDZone-hotR
JMVTAATZIET, BARBOFENT —IRICIG CTEYICEB SN TWS I & 2#EMm L7

AFRTIE. SOHICHEREMBEEZEZERT DL T, GEREBEFELENNET IV ERETT 5, HROME
t:iﬁ?’é%fﬂﬂ%ﬁﬂ’ﬂt?‘%t . BARDBEEIFELRY, HEDZEREAN L TEBSESL I &IFTER

. Bl Z IEMorikawa et al. (2008)’Ctat HWEZORMMNOREAME - hEBEHIRA—& AL IEREZE
?K?EH:'.L FZEBICH L TETIMMEET>TWS, AERTIIEBZBEORFMAFERL T, BRE - 885~
DIREMEBRRHOFEBICLYME T2 45, EREMBDIEEAEZELT. BR (BE - &
E-3RX) OAN, BRDGEDIZRYY) VI EFBLEZAAETD, hﬁff\‘%ﬂ%@ﬁit:o‘c‘)ﬂzﬁﬁi‘&ﬁiﬁﬁ@
T52E%RL, HME - BRHSROBREICH T 2MEEDKEEAZRT
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Comparison of scattering variation associated with 2016 earthquakes
in Korea and Japan

*MUHAMMAD ZAFAR IQBAL', Tae Woong Chung'

1. Sejong University

A remarkable increase of scattering attenuation (Qs'1) at low frequency was found associated with
hazardous earthquakes in Japan and Korea in 2016. Applying Multiple Lapse Time Window Analysis (
MLTWA) to N-S component seismograms recorded in the before earthquake period (BEP) and after an
earthquake period (AEP), the QS'1 values were compared for M7.0, 6.6, and 5.8, occurred in Kumamoto (
K), Tottori (T), and Gyeongju (G). The BEP and AEP were set to obtain enough data; while G was 5 and 14
years, Kand T event was 5 and 5 years, and 4 and 3 years, respectively. The obtained events of the
periods were 186 and 117 for Korea, whereas 501 and 619, 176 and 194 for two Japan events,
respectively. To find the crustal variation associated with earthquakes, focal depths of events were
shallower than 30 km and the hypocentral distance of seismograms was shorter than 80 km. The observed
stations were applied by coda normalization to correct different earthquake sources and site amplification
factors. The magnitude range of events was selected between 2.0 and 4.0. For band-pass filtered with five
central frequencies of 1.5, 3, 6, 12, and 24 Hz, the best fit values for C)s'1 and Ql'1 (intrinsic attenuation)
were obtained by comparison between observed energy curves and theoretical energy curves derived
from direct simulation Monte Carlo method (Yoshimoto, 2000) with a focal depth of 10 km. The error bars
of the values, derived from Fisher’ s Fdistribution with the confidence value of 60 %, shows reliably
shorter lengths with more than 20 observations. Between BEP and AEP of the QS'1 values, the higher
difference was observed at lower frequencies -remarkable at 1.5 Hz and negligible for 24 Hz. Whereas G
event being the greatest difference in the epicentral region, the T event showed reliable difference with
over the error bar range. However, T events showed little relevance of differences in the epicentral region.

The crustal inhomogeneity caused by open cracks had been observed in the seismically active area by
coda analysis using tomography developed by Nishigami (1991). MLTWA also showed the seismic
inhomogeneity by comparison of difference of 05'1 between BEP and AEP. The difference corresponds
well to event magnitude represented by peak ground acceleration (PGA). The high difference in Kand G
events generally correlated with the high PGA area. However, the T event shows less relevance despite the
large magnitude. This may be due to earthquakes with a comparable magnitude that occurred in the
vicinity, such as M7.0in 1943 and M 6.7 in 2000. In the K event, six earthquakes (M > 6.0) occurred in
inland since 1920, but only one earthquake (1975 M 6.1) occurred near the event region. On the other
hand, the Korean peninsula, including the G event region has been quite seismically stable land until G
event - the largest event is only M 4.2 since 1905 and no inland events with estimated M > 5.2 for 270
years. Thus the duration period of seismic silence also strongly correlates with the difference of 05'1
between BEP and AEP.

© BxEZS -S15P-15 -



S15P-15

BAMEZR2020EEKERR

© BFREZS

128°E

-S15P-15 -

Earthquakes

% 2016 M7 &M5.8
* BEP
% AEP

(M=55)

© BEP (m<a0)
. AEP

= = = 100 gal

PGA

50 gal

A Volcanoes

4 Stations

3
6 9 12(x10)

Figure. The 0. values of 1.5 Hz in
the before earthquake period (BEP)
and after earthquake period (4EP)
for the M 7.0 earthquake (Upper)
and M 5.8 earthquake (Lower).
PGA represents the Peak ground
acceleration.



S15P-16 AAMESA22020EEHEAS

Estimation of earthquake ground motions on the ground surface at
MeSO-net stations

B KR B, K IE
*Atsushi WAKAI', Shigeki SENNA', Atsushi SHIMIZU?

1. BRI RATRAT. 2. LTS (%)
1. NIED, 2. HAKUSAN Corporation

In the past national project of Japan, “Metropolitan Seismic Observation network” (hereinafter, referred
toas “MeSO-net” ) was constructed for the investigation of the tectonic plate structures and earthquake
ground motions in the Tokyo metropolitan area around ten years ago. The MeSO-net has about 300
stations with sensors installed around 20 meters underground in the area. Also, they are spatially
distributed at intervals of 2 to 5 kilometers in the area.

In recent years, we have worked a subproject of “acquisition of spatially very-high-resolution earthquake
observation data and development of the database by private-public partnerships” as a member in a
national project or “Tokyo Metropolitan Resilience Project [https://forr.bosai.go.jp/e/].” As one of the
topics, we have tackled estimation of seismic ground motions on the ground surface based on bore-hole
seismic records observed at each MeSO-net station.

The point is as follows. First, a seismometer is installed on the ground surface at each MeSO-net station
during two to three months and some earthquake observation records are obtained in addition to the
bore-hole records at each MeSO-net station. And then, an observed frequency response function is
obtained by calculating Fourier spectral ratios of records on the ground surface to ones in the bore-hole.
Also, calculating JMA seismic intensity scale from records on the ground surface and ones of the
bore-hole, increment of that is obtained. Secondly, a miniature and centerless array microtremor
measurement is performed at each MeSO-net station. This method of measurement can be adopted
principally for estimation of an S-wave velocity structure in the surface ground. It consists of 4-point
miniature array with a radius of 60 centi-meters and 3-point centerless array with around 10 meters on a
side. An S-wave velocity structure is estimated based on a disperse curve of a phase velocity and an H/V
spectral ratio calculated from microtremor data. Then a transfer function can be obtained using
T-dimensional multiple reflection theory based on the S-wave velocity structure at each MeSO-net station.
Finally, an S-wave velocity structure can be enhanced by tuning a transfer function based on an observed
frequency response function at each MeSO-net station and the existing S-wave velocity structures and
other geotechnical information can be enhanced based on S-wave velocity structures at MeSO-net
stations.

In this project, we will develop the system for estimation of earthquake ground motions based on
bore-hole seismic records by means of some amplification factors mentioned above. In this presentation,
we will report on the results in the analyses of earthquake observation data and microtremor
measurement ones at this moment.
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