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Yamagata-oki Earthquake observed by AN-net
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AN-netDHE

HIEAXRDUOTHEFFICEVWTAMENER L THREL, PEES L UOhEHHEDOEICHY, VIFHE
RHDLICAEYT 2 RATHEEMBT OMEFTHMESORERR LT O DI, (2F) HEFHNHREHR
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AR ICFERASNTWS., (EF -, 2018) . 7=, GPST—Y IFEHEKRICEESTNhTHEY, AED
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Crustal structure around source area of the Earthquake offshore
Yamagata Prefecture on June 18, 2019
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20196 R18HICRE LILFRAHADHME (M6.7) FIFEAEDREDKRTI0O0 mEUEDKEMRICAIE L T
W3 (e.g, IR, 2019, MBHAEE) . COBEHITAEE DFELREWICE > THRAMESFEEHLI# L WEET
HHHN. BRBICEVWTULAFECBERERBICEMBNZ OB L. ThOOFEMBIER L E &K
IC& > T, REAWENMRYVBEINTWVWS, —AT, MEOREXA DX LETHET 27-DICIFHARBRAIC
BVWTLYFBETCOMBBEDRAELHET 2MEMIN BRI TEY (Elzlilﬁkbb‘éjﬁﬁﬁiﬂlﬁkﬁaj'
ZIAERETR, 2014) . ZILAFREBPEEERB SN TIERL, LHAL. BERBICE T ZAFEOFERE
ERECEBERERERFXLEEANZ SRV (e.g., &8 - ftb, 2007, EWFZER; Ishiyama et al. 2017,
Tectonophysics) . TEFREBHE - FRAE OV TV N TRESEEILFEHROHMEDILAICAE ST 5 EA
HICBEVWTERRATEEN MENI SEHEI N TV (eg, ER, 2013, thEASF =21 —2R) ,

AEKRTIE, ILBEHOHMEDEREEHET2010EIC V0T AEDFOEANARESY - AR OV Y
M O—ERELTEBRINAETILFF v RIVREEHE (MCS) BELBEMEST (OBS) % MHWIEHE
EHEA (Satoetal. 2014, JGR; & - i, 2014, JAMSTEC-R) D#ERHI S, EREMEDHBEEEICDOWVWTHRE
T%, TORETIE. ILHEHOHMEORENHFETEICHEYI > TLSARIELVWEDD, ZDEEETEL
TWSMCSIEEAIRRA 34 (EMIS1005, EMIS1006, EMIS1007) $% (% - fib, 2014) , /=, EREEHL
540 kmi2E R ICIXOBSIEZ AR (EMJS1003) MIEL TW3 (Sato etal. 2014) ,

9. BREBETELTVWE3ROMCSEEHROER (8 - fih, 2014) 2 H B &, BEMK & LR THE
BOBEVYCEBHRNMERICELLTWE, BENOVMEBE# > BEOTHRIBEETH S, . B
L7z (&. EMIS1005& EMIST006 TIEZ ICHERTE 5 —A T, EMIS1007 TIZEMIST005%EMIST1006 &
BT ZEHFTVEZICKEELTUVAL, 68308 X TOREDHDILIFIZEMIST006 & EMIS1007 DRE I 1L
BLTHY. RELHEMCSEEARBOEBBEEDEVHITE L TWAIERENELHZH,. EMIS1007 (L HFE
BOBEMNMOA L VENHICEVWD T, BEICKRTTIVENH B,

E,J?it{j‘x_a)%ﬁ&?@ﬂtﬂ“mo)/rx TIZDWTIE, MCSIRFEDERMN SHBRRFNE AR TE TULA

o FD7=H, EMIST003DOBSIET AR THEONTVWEPREEEBEDHERN SRTT 5, ZDOBSHIKR
Li\ ERENSENTH Y., SHICSOOEROMEBELBIRICERE T 2L, AROmAICHAELTSY., LB
HRED—EE TLUMNEIFTULAL (Satoetal. 2014) , =72 L. BRABOLNT WS RSP KREMRFRIOEE
IEREMBZODEHERLTEY., EXH10~12 km@Pi&EE%’J&S ~ 6.4km/sDERD EESHT1 kmdDH
6.7 ~7.0km/sDEZICDITOND, HEBAZSOHALMBOEZIEHN23 kmT, HILEXRIMODHtRE L YEWLD
T, V7 MLIEKEMZRTHD ZEDHRBSINTWS (Satoetal. 2014) . 7TH20BETICARINTWBIE
BRTELNTWVWEIRESH (eg, [RT, 2019) LT ZE. ZOREDIFEAEHNPREENSS ~
6.4km/sDEPICKIE L TW 3B,
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Tomography of the 2019 Yamagata-oki earthquake area
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AR T, HRIZSOOMEOERIBEEDICEWT, MREREETY MLOIRTHEREE# S % AN

7= BEMTICIZZhao etal. (1992, 1996)DMER N EF T 7 1 =& AW, FHALAMERIZ. FEX30 kmld
ERCRELMNEETI764ETH Y, BITICHAWEPRERT—41327,203M@. SKERT—4 (£24,2501@
ThHd, INLOMNMEEBIITSRFTARINTWSI1997F11A~2017F12BEDHED S B, FIDIEHE
REDSkMURN, B RBI10RUEOEDH SRV Lz, £, HAREBHNCTERS A LLERNE—ICA
2E5ICNEBAEBEBLTWVWDS, FALABISIZ6RTH D, IRTEEBEEMET 2D, 3RTY

) NEMFRERICEKELE, 7Yy ROBRIGEE EREARIC0.25E, BRI AMICSkmTH S, 5HEIE
PRESETHMIIL TITL., BONAEIRTPEESEREETIADSLRTY VHDIRTOHFEHE L7,

RRE T X b & L TCheckerboard Resolution Test (CRT) & 1T 2 7=#ER. EI20mE TR EEEEDRY IR
W—7A, BRBTERI2kMICBEVWTIREEREFORY N"BL A2 EAN/AR SN, Thid, BRBRAIDE
EHMEOEFRRERENBVN &, A UN—2aV|CEALEEMNMEIIOMETLARVWT &ICL

5, FUYNMIREBICBEWTIIEEEEDREY AL ARBZD, InEY Y ML EESEEET 2Pn& SnERL
ZFEAETDIEILLD, —A, ILIHRAMEORENEI >RSI 15 kmHEDEREBEIIR<KF>TW
%,

BONEMNETZ 714 —DERLL. 2019FILHEHRMEDOAREIL., BELSRE - BR7 YV VHORERK
DR TRELEZZEDNDD o7z, TRERBHIC. AEERTOTEMAR & R LYY MVICEERER
B -B5R7YVHORBGAGRONEL, Thid, 2019F L EMEAB|ERI L, RAETHLZIhE
%(ﬂuid filled, fractured rock matrix)% KB L TWBATEEMENA BV, COEREE - @R 7Y VHOERERFIE X
USREABUOTWKEELTWSD, KEFERASTORKRISGTERSNEREIN LFE L TETWSHEEN
BHb, COEIBRFEEERTY VHORE L EREEOMBREMRIEZ. 1995FEEREIHMME (M7.2) KU
2007 FEFmB i iE (M6.8)DERBEDEE#E (Zhao et al., 1996; Xia et al.,, 2008)& &K < Ll TH YW, iz
AMEOREAN=_IALEEZZ D LTEELEBDNS,

SE R

Xia, S., D. Zhao, X. Qiu (2008). The 2007 Niigata earthquake: Effect of arc magma and fluids. Phys. Earth
Planet. Inter. 166, 153-166.

Zhao, D., H. Kanamori, H. Negishi (1996). Tomography of the source area of the 1995 Kobe earthquake:
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Evidence for fluids at the hypocenter? Science 274, 1891-1894.
Zhao, D., A. Hasegawa, S. Horiuchi (1992). Tomographic imaging of P and S wave velocity structure
beneath northeastern Japan. J. Geophys. Res. 97, 19909-19928.
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Real-time automatic uncertainty estimation of GNSS-based coseismic
fault model: a case study of 2019 Yamagata-Oki earthquake

KRB EXER. KM ME . AL MRS FIER ER°
*Keitaro Ohno', Yusaku Ohta’, Hiroki Muramatsuz, Satoshi Abe?®
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1. Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University, 2. Geospatial Information Authority of Japan

Rapid understanding of the magnitude of large earthquakes and their associated fault dimensions are
extremely important. Since 2012, Geospatial Information Authority of Japan (GSI) and Tohoku University
are jointly developing the GEONET real-time analysis system (REGARD). REGARD estimates two types of
coseismic fault models in real time, which are slip distribution on the plate interface and single
rectangular fault model, using permanent displacement data based on the real-time GNSS analysis.
Currently, REGARD adopt the maximum likelihood approach to obtain the optimum model for both types
of coseismic fault models. The system, however, has the problems to be solved in single rectangular fault
model estimation. For the single rectangular fault model estimation, the problem is the non-linear. Thus,
the obtained results strongly depend on the initial values of the fault parameters. Furthermore, it is
difficult to estimate the quantitative estimation of the obtained fault parameters because the obtained
result and its uncertainties also depend on the initial values of the parameters and assumed Green’ s
function.

Based on these backgrounds, we developed the method for the real-time uncertainty estimation of the
single rectangular fault model using full Bayesian inversion approach. We adopted the MCMC (Markov
Chain Monte Carlo methods) to obtain the posterior probability density function (PDF) of the unknown
fault parameters. One of the advantages in the MCMC, dependency on the initial value is relatively small
compared with current REGARD system.

One of the challenge issues for using MCMC in real time is how to assume the search settings, such as
initial value, walk distance, variance of likelihood function, and Burn-in, which are generally decided by
the try and error. We investigated the automatic determination of these parameters in real-time. Other
challenging issue is calculation time. In generally, the calculation cost of MCMC is problem for the
real-time purpose. To improve the performance of the MCMC we optimized the developed code and
adopted the OpenMP for the parallelization for the calculation.

In this presentation, we applied the developed method to the 2019 Yamagata-Oki earthquake based on
the actual time series from the REGARD and post-processed time series (Q3 solution). We used
permanent displacement of 50 sites near the focal area. The length of the Markov chain is 1 x107 samples
and calculation time is approximately 108 seconds. To stabilize the solution, we introduced a prior
information from the earthquake early warning (EEW) system. We gave a priori distribution for the fault
location based on the EEW information. We also gave the constraint in the direction of the fault dipping
based on the aftershock distribution in the case of the Q3 solution.
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The result from the REGARD, the developed method successfully obtains the fault model (Figure (a)) even
though the value of the variance reduction is not high ("50%) because of the signal to noise ratio of the

obtained displacement field was low. The obtained fault model (median value) clearly shows the

east-dipping fault. This result basically consistent with the characteristic of the aftershock distribution. In

contrast, the marginal PDF clearly shows the trade-off between the fault area and the slip amount. It

suggests that the only onshore GNSS data cannot constraint these parameters. These result clearly

suggest that our developed method can contribute to estimate the fault model and its uncertainties in

real-time. The result from the Q3, the we gave the a prior information for the direction of the fault dipping.

Both of the fault dipping direction (east and west dipping), obtained fault model can explain the data
(Figure (b)). This result also suggest that the difficulty of the determination of the fault geometry only from

the onshore GNSS data. In the presentation, we will discuss how to obtain the more reliable fault model in

real time.
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Figure (a) Results used the data from REGARD. 1: Estimated fault (median). 2: Marginal PDF between fault area and slip amount.
(b) Results used the data from Q3 solution. Estimated fault (median) with prior PDF of strike [1: east dipping, 2: west dipping].
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Crustal deformation and fault model of the 2019 Mw 6.4 earthquake
off Yamagata Prefecture
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Rupture process of the 2019 Yamagata-oki earthquake estimated from
strong motion and geodetic data
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201968 18RICILRIAHATM,,, 6.7DMEBEHLFEE L. ZOHMETIE, FRENLHRE CEEGRIER
TN, FHBEEIUFETHIIMBDERINEET IR EDHEN 2. ARER T, BES AT —9 5B\
VaA VM UNR=U 3 VICLBERBEREREIT L.

BRET — 4 [3K-NET, KiK-net. [IFTOERIRE Y 1T1R33MD%EEIR L. f#H7130.05-0.4 HzD/X» K/ R
TN =T REREE ARV, Attt — 4 IZE L HIEFROGEONET L W 10 DKERS & AL, Hh
EICKDEAMIGF3EEA L, 950282%EEmE L-RICHEFZR2-6HEADTHMBEDEEZRNS I &ICKLY
WMELE. A YN=Ua3VFRIEIILVFIANLD 4V RO A ~/X\— 3 ViKk(Yoshida et al. 1996;
Hikima and Koketsu, 2005) & A\ =, s@EKRFOEHRIN S 1) — > B ILKohketsu (1985)DFE A AW TETE
L7, FTEOBROEREBEETIVIE, 2E— R TEEETILUIVSM) LY BRBASDETOTRTEREREE S
HH LB EERAWE. BhDEBRN S ) — > BE#IEZhu and Rivera (2002)DAE% AW, JIVSM& Y
YMTOO4ADE FO#EEEMHE LT, INTOERSICH L TEA L.

T £ 5 )L IZHypoDD;%(Waldhauser and Ellsworth, 2000)iIc & W BRE LEZEROGEH L UKHETKRD 5
NEANWZXLfBESEICZL, RI22km, 1812km, EM25E, ER30EDOE %2 {RE L 7. EE®mIE2kmIEA D
INFRBIC D EIL 7=, NTBOERBSREEBIL S M1 X9 1 LA0.75MOFEEEHAS DB ZETRELE., &/
BIEDE19 1 LT 4 v RUDTNY IR % RO DHIREHEREIL1.5-4.5 km/sTEHEZITW, T—%D
BEMNS1.9km/s& L7z

RTOFER, ERASIHAS LUFEAICENEFNI. IME22MDE—J75FORITRY LB LN, HKEIT
FTERRMETHFY, LAEARAICHIENMEEL, BIRHRREIES 6MWEEL R o7, HESNHE
E—A Y ME6.5xT10"°Nm (M, 6.5)& Ao 7. THIEGCMT(6.7x10'® Nm)¥IMACMT(6.4x10'® Nm)Di#EE
ELBENTHS.
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Source Process of the Off Yamagata Earthquake of June 18, 2019

ISR PN
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(IZC®IC]

2019568 18H22: 22| #iR- L REHTM 6.70OMENRE L. BERIFBETH 7D, BREEDOHR
BN EHTIIEEGHE, IWHEBHHT CIEEECH LA REBMVWENI’EAINA. 51T, FULWALSEHZE
BRI NhTHY, INSDEREAEZ S LTHMARREREZMBIEINETHS. £z, BRBERE
MTIRINETHEAMENS S FRELTHY, EFEE2004FHBEFHME L2007 E5B R PP E 4
g, SO0HELABRBEOHMENEEL TWVWS. SEOMEOEFRBREE NS DHE & OMEEICD W THRET
T52EE, COMBOMET IV M=V R E%EZDZLTEETHD. 22T, AR TIREREETEHAZIN
BB E AV TERAERET%T o -.

(BRATFIE - &)
EBRA VN—=U 3 VEBIICKILD, AEESHT—EOMEDERBEREERT o7/, MEREZ2BBUAIC
HEELLEMEICOWT, BIEROWebY 1 N TRABINTVWARRRT—T/LNEBICK Z2HAEEZRAWT,
DDjA(Waldhauser and Ellsworth, 2000)IC & W BIRREZ 1T o 7. UTOEMICAWZAEDERAMAE L
(38.6147°N, 139.4758°E, 13.97km)T#H 5.
ERMEHTICIE, ERA 560 kmiZELRICAE T BK-NETH £ UKiK-netDREHFAFRA LK. 512, [F
FORSHASOEEESERICOWTH, BEOEMRE L TREFICINA L. 08, KiK-netBllmTIE, &6
WEIC L ZREART - ICHAPEFEEFERL L.
7Y — U EBDEIE IXKohketsu (1985)IC& W To 7. ETEICAWS 1 TKEXRB#EEIL, £E 1 X TEE
ETI (BER) ORBRARETORERBEEREE L0 WMHEE L, BRMETHRE L/NDE
(2019%6H21H5:33, MW3.8)DEAR CF 21—V V% T ETIAFER LK. FHRTORIGERITE
BEHARERVT, BEEBEDF1—ZV I/ EEBRTELHIREAVTSY, AFT4BREFRALEZED
Th5.
AEDERMBATTIE, MEERFIC0.03~T0Hz A2 7Ty NLRIVETENYRRRT74IILYENMNTTESL
LFEEREAEBWL, 41 YN=U 3 VRETILFI14 L7914 RIik(Yoshida et al., 1996; 31, 2012)Ic& U
To7=. BTOBOMBEIZ, Fnetic&dXHZXLME(23°,36°,86) 51 &I, RENHESEICHERD
BIEmEARELZLT, BRO—BELREASEIEBELRT . NMIBY A XIE2km x2km & L7.

(BiriER (BE) )]
BEMNRERTIE, WMEMIIEM:32" FM:30°RI22 km xi@16 km BE & o7, RESLMEBEREKEEIM,
6.3672%F, mAITANVYEIEHNT.Em DIFIFMALVHBEDOERIF LN, FATANY OB IFHKIERAS
DIANCARIEL TWBD, ZZE2EHT, PRPAZRTRYDIKRKESLBEHOMETE K DRE/FEELTW
5.

(Bg - T&o)

CDOMETEIEDEENLERNES A 7D, TOERE L THRAShARESIIERARND ICEH, B
1~2MRBEDOHRINDAN > EMNERINTWS., BEFEREEELTANYIFHE OMEBERRENS X, K
BREICHEICERLEHESO, BEHICRHLTRETALIT1 ETAMRVBIICKLK DB DEER
5Nn%. BEOHBAMBTIET A LIV T 1 ET A MREZ/ULANDIRERYRE & OBFRMNEB SN TE
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=Y, SEOMETIEERICT L TRZEDL S WRNMELCICS A >ARELH 5.
T, ERECWEY A AOERE, BEICAFRBREBTRELCHMBICLZEDEHRMBLTLS.

<EEE : BATICIE, BRI RATK-NET, KiK-netDERIZEER, FnetXx h =X AR, [RFT—TLE
R, BEHT—9S5ERASETCEEE LA, SLTRHRLET. >

139.2° 139.4° 139.6° 139.8°
Mo = 4.30x10" Nm (Mw 6.4)
(m) o Strike: 32°, Dip: 30°
= .
5 38.8" - i
Strike(km)
ErELtDI Y 5%
FoFBEIERA IR R 38.6" - s
26+018 ——r! — L
'\2 1.56+018- s
Z
o
9:‘:’ 1e+018] i
é 38.4" 1 s
2 5e+017+ -
10 km
0 T T 1 1 T i 1 1 T
01234586 78 910 ‘ .
Time (s) hRE~DIZFEE
E—A2 LA FEAE OIEARERLER 2:EARBLAND N2 LI EDOME

2019 F 6 B 18 BUWERPDHEDINDDH (BRE)
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Source process of the 2019 off Yamagata earthquake derived from
strong motion data

*Hisahiko Kubo', Wataru Suzuki', Shin Aoi', Haruko Sekiguchi2

1. BRI 2R TR, 2. RERKZERE KRR
1. National Research Institute for Earth Science and Disaster Resilience, 2. Disaster Prevention Research Institute,
Kyoto University

1. IZL®IC
AR TIE, 2019FE6818H22BF 22D ICIUFEHTHRELHE (M6.7. [RT) 2WRE LT, @ER
Fitixx AW EREEMBIT AT o7,

2. BB LUFE

EREEMITFEE LTIILFIA LT 1Y RURERF A > /N\—2 3 VK (Olson and Apsel 1982;
Hartzell and Heaton 1983) ICE DK F LB Wi,

REDTHEFNetDE—A Y M F U VILHBTOBERN S, EM23E - ER36E T, 22km (EAAME) x14
km (HERIAME) OKRES%&2H/FD, BRIENOMBEZHZRE L, TOMR. WERBRIIIRTEROME CF
T 14km) ICERE L7z, ZOMEEIZ2 kmx2 kmD/MEZ AW TEERIL L7z, BB TO I Y BRREREK
&, O.8MIBDRL—A RSV TEAHE0LAWT L LT, MEAERZZEICE>TRELE, F—9 1 L0141V
RoDR)HA—RFEIF. BEDEVWEEGHL S, 3.0km/s& L7z,

EEERICIE. K-NET - KiK-net - F-net®@&H 158 TD. SIEELE1EIL S 15WE ORE KR/ L% (BAHE1.0—
108, SHz > 7YV Y) RV,

GreenBI#E., —RTHTEEETILERE L. BEYLEEHEDE (Bouchon 1981) & K& - SR EITH
7% (Kennett and Kerry 1979) IC& W SERDEH A E L7, THEEET/VIE. BERE - i (2009) IZ&
ZERTHTEEETNICS T 2BASETOBEREAVC, BRIRITEICEE L, KiK-netBfImICDWT
XEERBORHREFIA L, £/ GreenFEH DO ERFIC25EDORER (ERMAMA. ERARENEN
5%1) H/INMBRICOMIE S I EICE > TINTBREDIRIBIGROMR {4 L 7=,

BINBDEYA LT 4V RUTOIRYEIF, BREFMEEGREMOEEZRNETDLIIC, RIN_FE%E
BAWTkRD=, PEIWREZE%DIF-R/N_FEX (Lawson and Hanson 1974) #HWT., &/NETODT
N AEOEE, FLTARYBOLA5ELRICIND =, FOTRYAIX, FnetX A ZXLBOITRYAES
BLT, 86EE Lz, FEREMMIGAET 2T 2EBLT 2HERFZMH (Sekiguchi et al. 2000) % {340
L7ze FRIEDEBIEFEANA XEREEAE (Akaike 1980) ICEDTWVWTRE L 7=,

3. #ER

R OER, BRERLYup-dipflliIcKERTRY OFEE (RRKITRYET.Om) FAEETIERETILIEES L
1= WIBER2ATOMEE—A Y MI4.7x10" Nm (Mw 6.4) TH 2, HMEKEBERIITEELTARY 247~
BIRIERONT, HERENS1.5-45MRBRICKIRYFEBRICEVWTELZBENELTVWEZEESD
Mof, ZOMETIHEERDOUP-dipllICE WTERBKRETINRKELTEY., ZTOEBIEFLEORIRYLE
Hed—nN—5v FT3,
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MEENEF ZFAWEERA VN—2a VENICK 2201 9F U EHOH
E (Mw6.4) DOEIRIKIERIE

Source rupture process of the 2019 Yamagata-ken oki earthquake
estimated by waveform inversion using strong motion data

BE R =E . AB ZRE

*Susumu Kurahashi', Ken Miyakoshi?, Kojiro Irikura’

1. BT EKRE, 2. HhigthBIREM IR
1. Aichi Institute of Technology, 2. Geo-Research Institute

1.1EC®Ic

20196 H18H228F 22 IC I EAER CEX14.0kn) & T E5MW6ADMEANFEE L=, EREEDEE

RTHBYMT004 (K-NETEE : EIREERE17.1km) ER[RTORESHARI47241 (BRETEE - ERIERH

24.6km) TREZNTINEBRRIEE (719 —7%L : 3RDEMK) 653gal. 750gal. RAERE (7 1L

4 —0.1-10Hz : 3D EAH) 20cm/s. 59cm/sHERAIES Nz, AT TIE I DREE & SH-ERIEVE
TEOLNIBEHOERA N XLDM@EAEBNE LT, BRA VA= 3 VEFICK Y ERBEEROH

E&EAHT,

2. BRREHOEHEEELH

RBRAERE (7144 —0.1-10Hz) Tk, EBRIVILBICAET 2 CHBARTA LV EREREETRLT
BY., BREVILBICIRIBO KR Z RBHEAEN 2 EEHHTHo7=, TOERE L TIE. BAROMERFED
FE BEHERHLAEEIERLY BIAICEE. BIROETHAAICHZEZZEICLETaLIT1E
TAMRBEDAREENEZSND, TDD, MTFEBEETILOF 12—V IV PRHELERETIVICEDL
EHWIBRGRER 2L RENHmI VB EEZ 5,

3. BEA =Y 3 VI L BERKIERR

AKFRTIE, TILFIAM LAY RIEFERA ~/N\—< a3 »% (Hartzell and Heaton, 1983) ICED=ER
IRARICOWTHREBMICTRY EDREETE L, BFICAWST—4913. BEEFOSEERS (SEEEF
AID1.5A5128M) & L. EREHNS0kmILNDT1E8RISR (K-NET, KiK-net, [IRFF) DER&H%EAL
co 7V —VEHIZ. 2ETVRMTEEETIV (Koketsu etal, 2012) % AW TEEEMEIRESE (Bouchon,
1981) B L URE - BBEFBREITHE(Keneett and Lerry,1979)ICK WEtE L 7=, BIBEFI/LIX. DDEEBEWL
EEEREERE (38, 20197Mf5) ICL B REDHEEBEENTH > HKIRFTOCMTER (EM26E. ERA27TE
(AERMERM) ) & L7

ABFTIEETRKENAERBIRBRE2ERT 2 -OICETASFEE22~20M & LT, EICHIEBBOH#E
ISEE L CEBA AT o7z, BFTOMBEORS EBIIRENHESEICL T24km & 18km, NFEH 1 X
2.0kmIEAICERE L, TRYZBEOEEREHIL. 54 X914 L1.0MDsmoothed rampRa%i % 0.5/ EfE T
AMEBE L 7=,

SRR, BARRR/ L RADR 5N 5 BIRIEFEDERRYMT004J47241 DERIER © &6 TERARF & &
<BRLTWS, BF0ER. BRMATIRIRNYANMSL, BRELUBIEARTHOERLIY EFEVETS
MOEFRVWE ZAIIMNTTRERIRNYDNEESI N, HERIBBEIHROELE D=8 Somerville et.al.(1999) D33
ICEDIDK MY I VT REERBHER. MBIRICEN 2 IRV EDHECHEBEERIIRTEHENSED LA
Motz, MEDHERTIH. FATRYEIF23m, FHTRYEIX0.5m, HEE—X ¥ ML7.88x10'°Nm&
Bo>TWBD, Fnet& ERTH2ERE K SEROBRIFETH D, XEMICIZ. BHAT.0MWLL L & BTRRETE
BELKFEERETILEBET,
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HEE  COMRO—BMIXERFARHTICE 5FERITEEREF AR FH KN RERTE (RERMEICK i
EBOFTEFEDRET) KiFE L TERSINE L, HIShBRRISHRMOIBELICIIDDEZ AW BRE
RERBRERBPEVLEF L
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REREN T ) — VBEEUEIC L 22019F L ERDEDES) >
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Strong Motion Generation Area for the 2019 Off Yamagata prefecture,
Japan, earthquake estimated by the empirical Green’ s function
method

pi -8 =SEH. P T

*Kazuhiro Somei', Ken Miyakoshi1, Yujia Guo'

1. — R R A Stsl 3t B RIS A7 SURR

1. Geo-Research Institute

2019F6 B 18A 228224 (BAAMME) ICILFMRHTM,,, 6.7 (M, 6.4) OREEMEAME (LI, 201951
HEHOMEETS) NIEEL, FREN LT CTEEGH, WHERET CEESHOMEEIEAINL. X
7=, BEILFRFREFRE AR KR ZRM R OREEAMEK-NET, KiK-netd > 5EIRICEV (BIREEH17

km) K-NET:28 (YMT004) THEAMEEG33 cm/s® BHABAIE) NEHEH, TDLIBRAESABE
HEFOERERNAFARDIEIFIEETHS. ZITAMRTIE, 2019FLUFEHRDHEIC L 28ZENEK
ICDOWTEE LTEROBANSEEAIBIET 2200, BRAEL2SCEIOERASTOMEE
Tal—vavETW, BAREALEEICBRLEB2ERETIOHEEZR M.

AR TIE, BERMS ) —VBEEUE (Irikura, 1986) ZRAWEEBEMEEH > I 2L —> 3> (0.2—-10

Hz) #EfEL7E. BB ) — VB (BERME) &, 2019F7A11H16R4DICRE LKMW4.'|UJ’,—1]>€E%
RALL. AMEOERETIVIE, TEBRYBMAETILCLAEEMNES2BIRT 52010, EATDORE
EERKIE (SMGA; Miyake et al.,, 2003) #1HRIREL, EREEHISOFSIEEVNEDE L. £/, F-neth
LREAINTWVWEE—AY bTVVIL (MT) BOEMAIK & Double-Differenceis (Waldhauser and
Ellsworth, 2000) IC& > THRELZAESHGA2SEICLT, MRENDOUMBEAREL, SMGADIKIER
BRIEERESNEZAEBERME (RX13.38km) ICEE L. RS —VEBEEICK 2 EFAKRICHE
RERMEOERGOERNG, AELERMEDOIGNETELCOEIZX, ABEEERMEDOI—F—RBEH%
Source Spectral Ratio Fitting Method (=5 - ft, 1999) IC& > THE L 7. SMGAR DB R IIERA
=, WIREE, SMCADKEX, T4 X994 LEVSLERMNTAYIE, BRISEVKIK-net (HfpiEsk) O
A SISO DEEAAVWT, MEEIVARNO—TEEMEHICOVWT, BRAlEAROERENR/NE R IEHE
heEaJ )y RY—FICE > TREL .

HEE S NI-SMGAIZETEN64 km®, 54 X9 A LAF0.4%, A TEIZ10.7 MPak V), BEDKRERS
WE ARG E, FENGMEL R o7, SMCARDIKREEA AL, & L TRAICED > TETL, &
BEE 2.6 km/sEHES N, SMCADHEE— XY MME2.24x10'"* Nm (M,6.2) T, ZhidF-netd
MTRTABINTVWSHEE— XY h.41x10'°Nm (M,6.3) D545 %& A >t. B5NESMCAETIL%
AWT, BREAD (BRERN60 kmLAH) DOK-NET, KiK-netDBEERR, RUCEILMERAREAR KR
FRATA RN TS EEAHEF-net GREZH) OERMROF18MRDBERFIMNT Z2NRE LT
77— RNEEFIalL—Y3y (02—10Hz) %17o7%. ZORER, EESNISMGAETILHLEMRS
n3ENEEESKISHENEDLHZEBRBIRI DN TEL. —AT, BRISEVW—HMORAR (FIx
i, YMT004) IC3EBT 2 &, BAEERPCERELIRIFIC/ L ZRDEF /v MHA2ERAZDICHL
T, BREBIEIBD/NILZADAEBRLTWS., I TRIMDOSMGANERD SRR T 2IRETET )
VAT, MMKROBRRTEOREEREL, BRDOSMCADLEMN Y Z N5 DIIRRBRAEICD L
SRR ITDFETH 3.
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HEE - BN FEE A X R 2R E & AMEK-NET, KiK-net, EeiEithEEAHEF-netDREE
$%, F-netOMTH#E, RUKKRF—TERAYO7DERER, —mbtUEBRAEEZZNEFNFERALEL
7=. BLTREWAELET.
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Initial rupture process of the 18-June-2019 off Yamagata earthquake
inferred from source imaging

HEA M. MBS MMAEE'. e gL
*Ryo Fujimoto', Hirofumi Kowari', Masanao Komatsu', Hiroshi Takenaka'

1. Bl RERFRE AR EHER
1. Graduate school of natural science and tecnology OKAYAMA UNIVERSITY

20196 A 1802285224, WWHRHTM,,,6.7DMENFELE L7, FMROEHIE. ZDOMEDORERIA
DIWIEBRAMET DI ETHY, Y—R - 4 XA—I V5% (Takenaka et al, 2009, EPS) & B\, #IHARRIEE
RICB I 2HMEROMEEBEDBEBELDHEEIT,

FRMTICITERIEEEG2 km L DR SRR DK-NET, KiK-netEl R CRFEI NIRRT —9 2B
oo V=R A A=YV JETIE, MEBEERHEZED LEZERERFO L TERDOPEBRIEZRAVE, ERIE
SRF—TTEEIR (L#838.608 ° Hi%139.479 *E&14.0 km) A L. MIBEIISRFCMTE®D, E£ME26
L ER27 " omEMEMNOEE. E£MA210°, ER64A OIBEMEHNOEDZDEIRET 5.

AA=VVIDHER, RELAZOOMBEESSHICEWVWTEH, REZRN25ME TCIIERDILERARICHKST
BMEN LB KEAEEIARONE, £, REHIS25MLUREIC, BREZFEFERCESOEAARTO kmfTiE
T, TNETORHBE LR TE LI HHBREOKRZREEAR SN, ThoDERLY., BENISA
Do T-HIED, HER2SMTEZ TREREOILRAATLEHIARZATIANY Z5|ZRLI L, I HIC. HER
MBI, BROBEAABETEINETCIWVEFERBICKELAITRYIFBLALEHEESINS, RELEZZDOD
BTEBMEICE VW TIE, BMHHREDKREREBEHOIRTHRMEIL. METIEIEF—HLTWS, £/, EROEA
FRADOHMABRENKE REBOMEIL. FHERNERMARMICLIERSA VA=V a V@B TRELNE, TR
YORERBEEEHFAMPTH 5,

S« ARSI KB RAMATATOK-NET, KiK-netDEAIKK T —9 2FEAL £ L7,
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(a) N26°E (b) S m
12 12
E 5 E °
X =
a % o 4
a j 8 o
;':_ 0( * a 01 *:r é
D =) i
b -4 2 41
o o .
< -8 O << _8] l»e
-121 -121
128 4 0 4 8 12 12 -8 4 0 4 8 12
Along Strike (km) Along Strike (km)

RERIWBDAA—DUTHR., TATh()ER26° ,1ER27°  (b)FER210° B
fea° DEIEEZEIRE. HICTHITREDRKETREIL, EELLRRMNLRETE A RIZHREST
MEORELGEFHFEANRLND,
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Evaluations for source parameters and site amplifications based on
generalized inversion technique

“hEF —". I 182

*Kenichi Nakano', Hiroshi Kawase®

1. RN, 2. REAE
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20196 A 18H2282243 2, ILEMICEWT, M, 6.7DMENFEE L, DAY FOERRS I3
14kmEINTWVWS, AMEICOVWTIE, AMEOREBAZ2ERETIHBHERFIFEALMONTES

9. FHARAZWV, KBICBEVWTIE, BERABOKRT. K-NET, KiK-netTKRIRIBEEZNER R I hiz, BR
EETEEGHRNFHAS N/ EBETEE) IR S47241 (CA9) DIHGEARY MLEBEICREE LI-KHMED
[SEARY MLDENELET 2 &, SODOMETIEFM2HZAZTHL THEY., TEBEFRICHENIEL D LD
BREAHSICEIRILF—E2EBLTVWARWIEIHEETES, LHL, ERADNMETIEZ. BEEEYTOY V1R
BREDHEBEMOWEIBEINTSY (e.g. =it, 2019 ; B8, 2019) . 2018FEARRAFILERDHE & FHk
DBREERATHDEEZOND,

FEROBAGEFCHEEORRZ IO SIE, HMEEBDERANZILEZRELNMITEIIEIFTERY, 22

T, MWEBOERA N ZALEBEITZIEEBMIC. ARIMLIYNRA=U 3y (LUTF, GIT) IC&>TE
BEYA MsMAEHET I EEHAD, £T. 2019FILFEHDHEICE IT2EAEEREELTREL

T. K-NETRUKiK-net TR I NEEF A2, [SIKTOWebR—IDO[KFTHNKRE L -EEF TiLiS
Ni=EF A FNEFNUNE L. Nakano and Kawase (2019)DF—4t v MIZFN O AEBMLALT, GITEE
L7, RS, AHRTEMLEZARY MIDWTHRY (No.7-No.11) . tEBBICENTRELEZVWS DD
DHBRARBEDA RV M EHEZELTWS (No.1-No.6) , £/, FHMdER T 3H . AFERTIHMEL 2
I—F—RBE. BABTE. BRABLANIIZDOVWTERLTWS,

BB S 1ENakano et al. (2015)% L < [ZNakano and Kawase (2019)AZB X h/iz\H. T Z TIEM
A BLLE, EEREEE200km LT, EERE 60kmElE, B/MIERE 0.2 cm/s’ BAIEEZ200cm/s’%
BRI DMES LR ERA W, 2L, M), 40FIBDARY FEEHTUVDRISERESI NV, R1D
No.7ENo. 1TDMEE— X >~ MMEF-net (http://www.fnet.bosai.go.jp) #ZSB L 7=H. No.8Hh 5No. 10D A
Ry hTEE BA (1990) ZAVTM,, D OM ZBEICHE L, BREBRICOVWTIE. [IRFO—TE
LI 2k (https://hinetwww11.bosai.go.jp/auth/JMA/) %#HEEL 7=,

HTCISHBETEOEREZRY, SOAD0REDHRABRTEIF. BEDA RNV NOETNERAMMWTH 20, B
DOHEREEERESIICHLTRRPEDODIIL—TICBELTWR Z & hH D, —AREDIHHETEICDOWL
TIFBEDOHEICEREDH ER>TWVWEA, THICDWVWTIE, REZHFIIHMEREN NS WD, REH /1
ADEENEHENEALTVWBAEMAEZOND, ZOER, (RELALMEE—X ¥ MIBKTHE & 4
Y., d—F—iRE$BfcHABNHIS N T W B AL H D, AEBEHABREL. BHEE—X Y M REERET
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Hypocenter location ; 0o
Mo Stress drop| Short-period level A -
No. Date M, fo (Hz) | fmax (1L oo
L | ron | Do | gy | PO TERED g | (e A
(km) [ g™ I
1 199501170546 34.598 135.035 16 73 2.43E+19 0111 10.7 6.152 1.18E+19 o
2 20010231756 | 37129 | 13887 | 13 68 | 753Er18| 0023 | 149 | 259 450EH18 L s
i 200412141456 44.074 141.703 9 6.1 4.44E+17 0339 78 3202 2.01E+18
i
4 200707161013 | 37557_| 138,61 17 68 |930Er1s| on1s | 122 | 282 SI1EAS
s sass | 562 | 13 61 |236r17] o043 | 151 | 483 2.14E418
6 2691 | 1000 | 3 67 | 1L00Er19| 0072 | 180 | 9420 LITEH9
7 201906182222 38.608 139.479 14 6.7 4.11E+18 0.189 15.5 5.137 5.80E+18
8 201906182237 38.621 139.448 12 3.8 7.94E+14 1.303 50.0 0.325 5.32E+16
9 201906182241 38.586 139.409 12 4.1 2.24E+15 0.847 50.0 0.252 6.34E+16
10 s61 | 139395 | 12 42 [36Et15| 0986 | 225 | 056l 121E+7
11 607 | 139453 | 13 40 |sacbria| 2551 | 239 | 167 1408417
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