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Earthquake Early Warning system combined with real-time ground motion prediction
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Achievement of Faster and More Accurate Earthquake Early Warning System - Combin-

ing JMA and Hi-net data -
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Earthquake Early Warning systems (EEWS) are designed to quickly determine locations and magnitudes of earthquakes at
then provide predictive warnings about the arrival time and amplitude of the strong shaking. Current JMA EEWS uses data frorm
two seismic networks: JMA accelerometer network and NIED high sensitive seismometer network (Hi-net). Currently, these two
datasets are processed in the different scheme and the results are merged to issue a warning. Combining these two datasets
processing in the same framework should improve the accuracy and speed of the warning.

In this study, we tried to develop a method to use these two dataset in the same framework. A major barrier to do this is that th
instrument responses are different in these networks. Hi-net seismometers are velocity-type sensor with the corner frequency
1Hz, which means that the response of long-period components underestimates ground motions. It also saturates for very lar
ground motions. We need a special care to use this Hi-net data in the same framework.

We applied time-domain recursive filters to correct instrumental response of Hi-net sensors and adjust them to the response
mechanical seismometers. We successfully developed a method to produce records with the same response to the JMA acce
ation data. We evaluated the saturation of the Hi-net data with the data in 2 month after the Tohoku earthquake, and found th
effect of saturation was minor. Therefore, we can use Hi-net data and JMA acceleration data in the same scheme theoreticall
Speed of the warning improved by 3 seconds in the average for the inland earthquake by combining these two networks.

Keywords: earthquake early warning, Hi-net, saturation, instrument response
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Automatic arrival time picking compared to manual picking (6)
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Real-time site correction based on evaluating relative responses to common referenc
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Hoshiba (2013a, JGRYEE® M OHEEZ NI, WEGOTE= 2 > 7 EHWVTHIER Z Fld % FiEzREL T
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ZT 4 )V REAWVT, B &S 2 BRLSHTOY A MEEoBE IO, EYhE 100km EoiE Garyih
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Nox3xy b= THikET 5 LIc kD, I ZIEAMN I & PUEH S 7% 73— U T HEIER 25 5 2 L BT,

XIZ, Hoshiba(2013bD FiEic & v, Lmzwﬁkwﬁﬁﬁ($ i ClE ST O TAHX KT B R 2R & L
72) 1S9 B0 A N IR & IRIEREED 20T 2k 7 )V 2 ZER L, 201 L4E B LT AT IEE > 20044
Fris L B O R AE R RICET Uz, S5 ORIE S NidEE, 2 TOBHSAEMES L FEOY 1 S HEiE
il & 75 o 1235 B OB R IR & BT T N TES. WERT S HERO D S EEEMG ZVERL ULk 4
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OMICEEMRET HEAN RSN, 7z, KiK-net ORAIFFERICDWTIE, #iERTId EAis g U TRAmicE
JEHNE L 2B h, WIERIIEEIEAKL, ZO0MmIEH FAOMIEROBE M L IZIF—HRT 2HEANH 7. Th
5%, AMZETHWEZY 7IVZ A LY A MHIEFED, BUNCY A FHEEIT>TWA I EERTEDTH 5.

EifGa
ARG T, BRI AT OMEEBIIME (K-NET, KiK-net) BXUSSRTOEEEN SO ZRH L X L.
RELTEH W LE Y.

F—T— R Yo MEESR, AT MV, U 77V R A LA, sREEBTAINY, thERE) il

Keywords: Site amplification factor, Spectral ratio method, Real-time processing, Strong motion seismograph network in Japar
Prediction of the ground motion
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Real-time prediction of earthquake ground motion -application of data assimilation and

its application to actual data-

T 7zt HA !
HOSHIBA, Mitsuyuki'* ; AOKI, Shigeki
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BLHEHHIC B A L BE TRIORE 2D S T EREIB LT, HILWIFEZER LTS, TNET,
T—R At FiEZ O CRERGOFNMEZHEE L, ZIh SEEEBOYIICHID FHlT 52 L 2ER L TE. SR
1, SBUEHOG AR AR (20114F) SRHhEithE (20044F) 75 EDFET— R EHWIZEHABIC OV THMNT 5.

RBREL TV B FETIE, BEIGOEMAHOFENEZHEET DT e Ens. 2T, Wbk7I 27 02
ZRHWTY A MEEREZGIEL (FA - 75,2014 AKZ), EHIC, ] - fth (2008)iC X 2 EEHFEDIZHDINY
RISZT 0 VRIGEL, ZD3WDEREOT RXa—"T7%RH%. Oy Na—=7DEh 5, F—ZELTiEEH
W T HIEEBERE & R O R ZE M 072 R 5.

C OHEERE LA mzgiE e UT, OB AokZz Tl 5. IWEiniEowE e LT, 45ml
&, ESHoEMERZ Vs, EAHAEHER I, ROl ZEH LI N0 —T2E 2, WO E TV F—0D15
BCHEIMATERITZEDT, GHELO—ETHS. ChETICL, SEEHEROI—XEyORIRE £
BBUICILS FANBENT WS, SHEOFETIE, 10M%E 2000 TFRIOEIZEBNT 5.

AL TR IEE ORI T, @ﬁ®SMGAﬁBﬁ&&ﬁaﬁﬁﬁ@ofm<ﬁ¥#ﬁﬁéh iz, TOR
WCEIUEAENED B B T e 5. BERMSMEDENT, HEERMO SMGA TiE#MRAEL, %%mﬁ%h%
L, E5IC, HHBHED S & ERMEICEATOLRTARZS. TS TT, 10R%R 200%OFHlE, OO0
DRI DER>TWVD., /EROERESE (BRME ST ZFa— K& E) ZHE LZN5 OERD S HiE
g Filld 2 55T, BN TRET MBI ZC L3 #LL, Tz, HhinfizkEELL Filld s i
Iz, TOHETIE, ThSOHEZERLTWS.

PEHEOHITlE, KL ERENFAEL, HEHMEEL TOLBFPRZ %, FHSEFRSMNI TR, fENNINE
BIC K& LTz HEBHIMEE L TX TV, Tilllh, CTORL EFRETIRBICK AMEFDHZHEL TS, it
KOBFREREHEE T 2 H1ETIE, TOXDIGEFET HZHBICHILT S L3 LN - 72h, TOHETIE, ERER
BIEEZES BETEFZITS T ENRETH 5.

CTORRIC, FERLUTWBHETIE, MEROITETRNEER > 25 LT E, BEAMEHEIIC I % b &
EETHORER LICET 20D LA TE %,

F—U— R RS, 7 — 2 [Fk, HZB)R0R 3, SRS B, ST ATt s
Keywords: Earthquake Early Warning, Data assimilation, Prediction of ground motion, Radiative transfer theory, 2011 Tohoku
earthquake
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Investigation for earthquake early warnings of long-period ground motion
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g VIS BT B ERFD NDOTTEIONEE S ORER, KA EROBE) « nfil7x & OHE ORI IZEL TIEY)Ic
KHTERNT LW DD, TDD, KET TldmEIEEIVFICET 2 EBZBOMSOISHFEO R 2K 5 T, B
EENC K % EE VN TOWHEOFREREEFICOVWTHISE 2 [EEANMES)ICEI 28NER G OR#tzA
SRFF HP 7230 U CHIMA U 7= (K - fth, 2014), BifE., EJ&UIHIERK DR 2SR TH % TRIEROFERIT DV THI
FIRRET 217> TV 5. THIBROFERICOWVWTIE. 2~ 3FREEZ HRIGUTHEHRZHB L I20WEEZ T0D GE
BARIT HPEER - M 2FEON—I2 W),

ERAMESHOFHINCFIHT 2 FEIHAREDONEZSNZD, ZORTEHILEONEDERTIHHETE, MDOHE
HO RO EXZED FF CEmz1T9 0

Mahic W7z BEEER = BUFN TO SRV SN, B O R B S IR O R 2 77— 2 B
AFTE, D, KOZXA TRV A MEFEDOERZZLITD 3 DDFMX TREEINTVWEIRET S,

- (e - th,2012 ) T/ - fih,2010
+ Morikawa and Fujiwara,2013
- KM - fth,2010

NS DOFFEERENICDOWT, BEHERR (B MDEEIN, DORMKIIORE LIEARTY S =F 12— FH55
DLETHAHEICONWT, BEHEEER OGRS R & CERANCIRE U 7B EE THEINE AT MVOFHEZITL,
ZNZTNORRICOWTIHIED HEFE U TMBRE IR AR T BV & UG 2175 72 THIBTALS IS S T RS S
PR, K-net B O KiK-net B, TR IEIZ RE MBS R & 9 %,

ZORER. WINOXEMMZRITE ., FHICKET—obERZ O EIcid, EEEORER & FRIREHR A £ 1 2L
NIC A BRI T~8 EIfE L ix 5 7z, UL LWIE E TOREREE L LT, EBlHEPLE UeHEEMIIS U2 E RO
BRI BB OB 28R L T 5728, BRI CIEEARHEIC . B 5 s T ldoE/ NI & 5 i d %
& EFAHEEBDMEIE U9 Wi Tl Nl R 2 WD 5 C L FORBIA RO 5N, iz, BEAMEER
O VIREICEIE I NZEZBFEZAWZIEE. SHREOREICK D ST BREL LI N5, EDOXALIVTDE
JEE RO T THIERERET Z2DICOVTRERDPDETH S,

SIHSTHR © AHEE -, 2014, R KSR, (08 - th,2010, H AR SHEE RS 20104 3 H, 2010, p521-530.
/e - th,2010, HAHIZE T2 R 58 128, 5 4 5 (FfES) |, 2012, p354-373. Morikawa and Fujiwara, 2013, Journal
of Disaster Research Vol.8 No.5, 2013, p878-888H - {t1,2010, H AHNEE T 2254k 55 115, 55 155, 2011, p81-101.

F—U— R REANMED), KS7, B, R, I8E AT b
Keywords: long-period ground motion, JMA, EEW, attenuation relationship, response spectrum
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a5 B EE B 0D 72 8 D B2 EE A D 5 AL
Updating of Earthquake Early Warning for Long-Period Ground Motions

NS IRt
IRIKURA, Kojiro* ; KURAHASHI, Susumd

VBRI

L Aichi Institute of Technology

F I
BEOKSTIC X A BEHERRIZ, <7 2F 21— KM EEBHFEEOERD S RRY 1 s OS2 28 LTl

E# TSR E > TS, MEHEARKEL GRS EERBOLEND L MHTEELES, TOFER. HED
IhF % E TREHNICKHED 3 HHRNRE SRV, BEIAMETIC X2 HENMBEICR 2 X 5 GABIBREIC L
Tk, FHNCHED 2 R ET 203D THR#ETH S, > T, EFHHES Oz OBRAMEERO I
. M, BB OIEN D | EBFERR kDB T R U TIVEAA LTINS NIz EZEERD) 5. KERENANE
ROV TRWHIOFEN 2 T % /515D T ORMEZ —X<UCR T %5 2 MW TE S, AWZEE, Hoshiba(2013 I K D12
KENTV B LIRS 7714 2 BEEAET O TR O 7= OB ZHETd 5,

aRes

FENDEZRE L TRV POHESNE, 3 TIIENOEFE Uizl r 258X SH P EZHLD & < FAZER 7%
WLTW3 EEZ %L, Kirchhoff-Fresnelf&7) /iR T (1) D& S IcEbHE 3,

COROMHIE, HEEFIOWED u G OZERMFEL TX D E/NEW, LWV FMADREL ENS, THIC, HE
DIEED, BB KT TRROERED S OREHC LT NS WG, MBI P It 20T, X (DL
FEHATERDENS,

R 0, B r . BRUOTFHE PA—ERRIUATVS ERETE S L E, TR P LB r OMAEMBZ, X
(B) TXbHETND,

() DRD T iF 2 s DARERIEZ KD I, HEBIIN—JOTICEIET 5 Pl e BEA NS & EiE, THILP L8
W r R GreenBIE L IZIZA U E#E X TH WU (Wapenaar et al., 2010)C T Tld. & » —f%i 4 rTREM: 2 it 3
Bcs, AREBTERL TV S, (3) ORD Sid. 1 (4) DX 5 ICEPFFFHBEIKO B CHBIRE L LTEERSI NS,

TR P ARE @bﬁﬁ?ﬁﬂﬁfﬁéﬁici HANT/ RO OREHRIEE WV T, (3) DBRN S 2 R DREREE
ROTEHELTENTES, ZO5HE, BIE r TASANMOMH U, ZBEEIE AS NS CTEHERRHME L THE I HE
%, BRI A TS, BRI S 2 et a YD T ORI THECH 5,

REWEHENE C o 7z & i, BIREIGEWEIOBIHE r TOBHEIE SO EHRICHE D E, XM
TRV P OEBAHMES O THINTEE L /5%, #EE IV KERAMZ > 0 7% EDOWEICERT % ERHES)
. JEEID 2?2 100, 2 DRI km D SECT km & HEERIE W28, EEAESIDME L K52 < OHIET (2)
@) WEH AL EZ BN 5, (P20)D (1 210)ICHRTHE OIS S BWBAICIE. (1) ISR AR L 755,

F—U— N MR, KRS, SRR 5k
Keywords: Earthquake Early Warning, Long-Period Ground Motions, the applicability of the front detection method
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”(PJ)=J. %-(cos@+cos€')‘G(P—r,t)*z't(r,t)dS 1)

u(P,t) = G(P,r,r)*u(r,r— Pr cos(@’—@)] ©)
V

u(P.ry, ) *u(r,r,,—t)=T(P,r.1)*S(r,.1) 3)

S(tyut) = 5(ry1)* s(ty~1) @
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SRR AR D JOXFHIR ST D BUIR & 7 L _
Current Status and Issues of the Broadcast Start Condition of Earthquake Early Warning

JEE 13 1
TAKANO, Kiyoshi'*

LR T B IR 2 A
LIl and ERI, the University of Tokyo

BEAHEHEIROMETE L UTHNBCRIAL FIHEN TV S D, ZOROERMRSEME. FNRE A LRIHEHE
AEHZ LR L TRO TS, HlZIE, BYNICERYEND 55513, PRER 3L ETHeARE L. HE D ERY
DIEVEYITIE, TREE 5950 L CHOXRIAT 2745 L. FIHEREZER L THHBENED T2 DMWEIRTH %,

HBOEBRRRSATFDEYNCERE S N TV AR N E S D OHIWIEHME L 722 & DX, 20114F 4 AICKSTNHA Fo4 Y (K5
7. 201D ZRERTEZETRIFEELTWEN STz, TOHA RIA4 VT BT, NRFEEZEIA OEENFCEIC VS
L. KBTHRET 3 B2MEHEROERIEST HH0EZITH T PRI N TV S,

AR OBHIE . THUZERD 2 s EOHEBIH S TEIIE N, AERED 5 550l B FllEniz560 1, 98
WIEN (B 55500 E) D FIIE N2 KR CEE 4 D FRlS 21l oL THENS (K57, 2007, Uk
BT DK, RIT L EREREGESA ETld, KGRz i U e ilsic BaiE s m 2 foE LT\ s,

HL e840, TOXEITOEROFZMITHEEGT S K DI, BENBCEDHBGERMSMNZ30E Uz, Fhuchnz2 ¢, #Hitih
FIRECEHIE ORI IE, BRHEEROZHRO FRBENRIEL O GV EL EoTzt bh b, THREEZT TEL
X ZF a— FEHHH LB RHER) ORBOEBERLZRE L GEF L TE e, UL, E#EAHBG, S 1ERIC 314
DRIGEDRNT=D, WITNEEBROEEHNEL 2H 5 3 T, MRMIC, HoXIHEBIGE & 5o 7z (EEth, 2013), D
T 2T, BEHEFERDOBOEAFBEIFIC OV THO TRE LRI OWTHE U, X 0y BoXhst: &
FNERAT B72DOFEITONTiam Lz,

SR

SBT (2007) MEEHEEIRO L AL T - B, BT,
http://www.seisvol.kishou.go.jp/eq/EEW/kaisetsu/emayou.html

BT (2011) TGS 2 YNSRI 9 % 7o DIC A ELE SZ B8R OMREM CRUSRENICBIT 2 1 Fo 1 V1L K

QT HOEFERERL, PR 2344 H 22H

JEERF T - #5 5L - R (2013) T REBHIEEHEHIE ED X S ITHOETNED (2) —HABGEDORIAFMEE S H BN

E—. HAKEHRYE 15K, A-6-3. 20134 10H 27H

F—U— R BEHEER, BOXRRSRIT, et
Keywords: Earthquake Early Warning, Broadcast Start Condition, Alarm Condition
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DONETT—2DVU 7 )V X2 A LFITRY AT LORATE
New-development of real-time seismic waveform viewing system feeding from DONET

LY RS T W 1] R L AROR JEOREA L ik O I B = A B A !
TAKAESU, Morifumi'* ; HORIKAWA, Hiroki! ; SUEKI, Kentard TAKAHASHI Narumi' ; SONODA, Akira ; MIURA,
Seiichit ; TSUBOI, Seiji*

U MNTFTBOE N TSR R

1 Japan Agency for Marine-Earth Science and Technology

MNTATBOE NS BRSNS Tl it EE O A E BRI T b 2 AREMEE N . HIEEET « IR 2 A 7o R
I ONHE MR BINE 2 50w U, HIEE - HGRAHE) - HOR &V T ERINREER G2 ) 7V 2 A LTI - BT 2 2 AT I
(DONET) ZHEER LTz, N5 &AW & UTOMZHER & M SRS ICE 53 % 15l A I RET
%7z8Icid, DONET 7—ZICHA T, BEFH PR 7 — 2 OB > 2 2 L— 3 VSRR E R AR TZRG T —
ANR—ZADREREDREARNRTH D, ZDI, HEHNE - BT 0y = 7 b ENIZD .. HERNEZ 137 X
I G P RBEZY . HBRIGIRIIEE > 2 — (AR 1ok 2 T —ZX—AWRF— L2705 iz,

T—AN—ZDOFHEZIZ, WEMFREDHELT, MFEHBREON KIS EERE k1Y -2y &L, %
NZNCAF X ORI LLT VT —XN— XD LT E Tz, 2055, SHHLSENT O 7 2 Uity —
EZX& LT, DONEThHELNTL 2HMERT « IKEFIOWIE T — 2 &2V 7 IV A A LI =775 7Y (Google Chromg
FTCERT B VAT LERFE LT,

201 LAEHA T A RE P EE AR . KRS madie - SR EORHIEE R A R B 9 2 UG BIGIAKIE . EAVR S ILEIN 7%
B S8R 72 SR HHIC B & DD, TN NOHUIC IS U E O SO RERER L T T EMRDENTWVDS, RHOH
T T 5 NT RSP HIEES IS B 2 IS DWW T OB R LGN 7210 C/a . IR E KEREFOE L - Eil
IS THE R U 7= BN E DR U T2 EOBIIE 7 — 272, U 7 )V 2 A LCBSRIYENHERTE5 T 8T, &

0 HH R B SRS IR D HIWICE T 2 2 DT X %,

B, PR 26 4 4 A OAMSKE Z Hig L, —&Hs Bk md GREGER 217> TH 0. ARETREIARI X7 L
ORFEIZ DNV THNT %,

F—T—F: DONET, 7—2—X, U 7))V &2 A LEIR, #I5 FIRERANOEHERH
Keywords: DONET, database, real-time trace view, outreach for local government
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Y ECHIEE R [ OO REDO (Y AR BEE R PR D R & 2 D FRF T IE DRRGT B SERHIF D FHAR

B OBSZf & LT . L , , ,
Examination of the relative site amplification factor of OBS and their real-time correction:
examples of Sagami Bay OBS

FRTT B o T ARzt
HAYASHIMOTO, Naoki'* ; HOSHIBA, Mitsuyuki

L SRS
I'Meteorological Research Institute

Hoshiba (2013 JGR &, XiROBREZMEHERE LT, EBFEPY Y ZF 12— ROREEN T IS, HEIGO IR
HHRIC & D HZBH 7 Vil 2 FEZIER LTV, BIICHT 291 MEIEEEDOMHIERR C OFEOEEREHED |
DTHO, TNETICKiK-net DFEFHFEIAT CGEY - T3, 2011 IJpGU KRBT OELEMIE (FHA - T, 2013
HIEE2 22 ICBWT, FBEURTTES 2 N 1 MEIERFEOPFENED SN TE . sl TRA Ui OMiES 0
FHERICIE, KRR OTEHMNEETH 5. Mot - T4 (2013 HB2EE) T, dHmERICRE SN TV %5
JFOHFHE OBS & JAMSTEC® DONETICHWT, FE OB E DY 1 Mt Di 21T o 72, AFETIX, OBSII
FEICRE LB <AEET 2 M5 SERERA T ZE AT O S OBS (Eguchiet al,, 1998, MGR D7 — 2 &\ T, OBS
DR WEURAET 2RI 1 SRR RIS OW T L, YA MEIERFED Y 7V 2 A LAHEIC DWW TRRGET L 724G
ZHET .

IR OBS & Z DD K-NET + KiK-net Bl s DWT, EREREEA 100kmbL F#EEN 7z HE D SRS D AR

MVZEH L, EEENERIICET 2 AT MV Z RS MEER & UTHEE L7z, OBSEFE DR Y DBl

I (KNGH23, KiK-net #id1) 1S09 %49 1 MEIEREHS &, KA OBS TIRR/KFEOBIED | R8I LbEIE S
BEANH O, FFHC 1~10Hz TRFEFOBEIEAS K E W, Fz, OBSIC X > Tid 1Hz X 0 EFWINITE BIIEA K & W
HARGNS. TS OBMIEORYIE, OBSHE FOHEREEPHIERME TOHRI R EDOIEDEWVIC XK 51 - HElER
PR TWS EEZBNS.

BS NI R Y A S EEERZ VT, T OBE TOWIE 2 e OB AL OV 1 MRFEICE 2 % C
& THBIEOEBEZTFIL, YA MlEC BRI E BT 2R EMGEE LTz, U+ MEEEOMIEICIE, Hoshiba
(2013 BSSA) I KBt N7 « )V 2 7% ERE) - KCEEIZNZIUCEET L TV, £z, EBEOREICIZINT] - th (2008
HE2) OT N2 ZHViz. TNHIRWVTNEERRLEN R T V2 TH 5. 2 MG O FIEL A THIIEL
7z, FRREAEE R E R Ua 0Tl DLz 7o 74558, OBSDRtikh SR LOEEZ TRl 25 BB Th, [
LELTOTR & [FERRIC BT 2 E BT 2 T & TTRIEBEDOREE L ORAD RMSHUWET 5T LW TE
To. TNHORKERIE, OBSICHBWTEFEKFEIRICY A MREMEZRRFAIES 5 C & T, WEIGORIHHRIEHTE %
AfREMEEZ R TV,

FBEE © AR ISP SRR 2T D K-NET, KiK-net 07 —X2ZF[H L% L7z,

F—U— R BRI, YRR R, HEEE) T, MR R E R

Keywords: Earthquake Early Warning, Ocean Bottom Seismograph, Real-time prediction of ground motion, Site amplification
factor
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HEE R AR Dy 72 WO 72 BRI R IR D UG8 AT R & AR T T DL _
Improvement of earthquake early warning system using the extrapolation of wavefield
with apparent velocity and direction

ek BHEAE 1= 2 m 7 !
SATO, Asuka* ; YOMOGIDA, Kiyoshi!

VAbHBE R AR AR e F IR R 7 0 — ) N VIR AT 92 2
LGlobal Seismology, Natural History Sciences, Graduate School of Science, Hokkaido University

BUED HADEZHIER ML, EHEIOEWBIARTO PIEOIFERMIC K > THEE E NICERO N HRZFH LT3,
UL (a) BEOHIEEDMNEIZRINHISE C > 7285, (b) IR TO AN HEDIFFISH L 752 & 5 & BIROFROHIEED
Ba. (© EREDEGE T E R0V XS BZHEOIE (M>8) DA EICE W THIRNTAR, TNHIETNTIEMER
HPERLT0S7HTH D, TOXIBGEEITHLT B7oIc. A FBIIZRE RTINS NI O RS
ZRIHMES 257 T —F 2R T %, RO AT L— 3 YOFIERS A S NI > T2 ilk8) 572 FiI
LCWeh, BEHEERO A7 LTIRER_ETOWBGOIERDT M E 2 DHEZ1G2ENHKS, 71— B
DFFEN IR BUEICIEDN T, FARBIAIE 120 Tk < Z OZERMM D 2 W CIE, 2 #E T %, 2Dl kick>
THERDIIE DT 7T —F L HE LT, SHH L7 i@ O fighe L Etzm LS5 /0K L 7255,

IEfEMNDLIGE LTI EN OIMED 7201, BRI Y — VB RETH S5, L L., PIE SO #E
BB T 3RTTDMERIEITIR TH 5780, CTNZRRICTRL XS &9 5T LIFBFNTII A, BERHEERO D
I, MR Z a8 5 IH OFEGE S IRIGZI DO IUS RV T, 2 Rt IEM AR D 72 BSGERINICRITS %
FHelH %, §5D5, PIROADTHEIC K ZMEDLIETCH D, TOHMTHEIEFRORE &, Hilfic X > TZL
T 5%, FlAIXILEE TORBEOROHE TIE RN HEL 7.1km/sTH 50, EFROBWHIETIE 5.5km/sTH 5, X
7o [A CALHBE T O EEMROEG B3 7.1kmIsTH 25, EIHA 100kmDY; 15 8.9km/sTH > 7z, K THEEIFFISELEA
RO, BREEEOR L LTI I 5, HUEDREA LB ORI 5 @) 7% 7Y — VBIE (A HE)
ZRDZENHAS K ST, WA FIEZIRE OHK, IO RMFHEOLZIEL L. TNEZIMERNE LTV,

EHic, WL BYIAOBIHBIE b H DT EEPHELT S 7%2 ) 7 IV ZA LS ED K SIS U THEE S 5DV TE
BT, BRI HEN G OIMGZEH T % 7o DICEE L HIE, VIO AT —2 & LTINS N3 BRI O
[T ORI IZMHEDRETH S, LU Hi-net DT —ZD K S 5@ AR O HEZRIIE — AN HHBINE G, BT 581
T OMBIRfRZ M £ 27201, HLRBSBHFTOY A MEEZEIET D, ROHIE & RN RO /5 72 41
U CHtiBE D Hi-net Bl < CRIBELDOBIE & UTH A MlEZHEE LTz,

RIBIC, I IF AN TRBEO N TOEFRMETIZ, HAROKFFHZT MRIENKE %%’ BEEE L
NBHEHEN A S5NS, 20108E2 H 18HD U T VA AN 7D N TOEE 590kmDEFEHEICH LT, FLIGZHATOP
W DIRIE ST & TG R HEE U, ZORGEENE Uz, HlZE, JbiEEIbosa. 7 Tl B H
% 7.5km/sTH S DI U, RO HE. TG Tldi 13kmisTH > 7z, TO XS HANTHEDE N EHVS T &
T, VO3 EFEEBO XS H—EHMORIERT 2BH5E . AWILOPREIGOIMRIC K > THEL, FHldTs &M
TZ%,

F—TU— R BRI, WA OIME, <A L — 3 >, AT, T M fLE, SR

Keywords: earthquake early warning system, extrapolation of seismic wave field, migration, apparent velocity, site effect, abnor
mal seismic intensity
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RHFEE RO T30 — i B0z - WO 72 SIRE TRl DR A _ _
Early forecasting of aftershocks from seismic energy release rate immediately after th
mainshock

IR AR 1 ; Enescu Bogdan
SAWAZAKI, Kaoru'* ; ENESCU, Bogdah

L SR A BN IS, 2 BURR
INIED, 2University of Tsukuba

KHEBERICITERFIC KBORENRET 2D, TO—D—DRHME FCXAT S LIdMmd TNE#E %0,
HEOMHRIFIL T 5, ZORDIITOKRGITORE TR, HEDNTDITRHIENS K5 IR AEFREDRH
DD BTN %, fol, Sawazaki and Enescdi(iiH) (. Hi-net DEIEEE LA W CRIEEZD b O T RV F—
SR ORZ . (T3 )V F—IEHREED ZREL 2 LIS Lz, TOTFETIE, Hix OREZRERIINCHDZDT
x| FEIRRFREBEIE & PN R RERY & U TR TOMIEN 5 DT 3 )V F—DRHNORZb Z#HE T 5, ZDiz8,
AREFAEERICB T 2 REOHD TIF U FFE LTV, #EE LT3 F—iEgiagiid, NERER 4 0 BEBLI%
I ERARAN & Pl R ONZ e TIRE L, T3V F—iEH £z 2 DOl iHR THl - 72{ilZ Gutenberg-Richter
HI & Iz R EFRID 721, RETFEZ O DOMEHIZ AW TITbN s Tz, AREEKD IITERR O T %
IV —EHBEZ WS Z 2Ic kD, KO RIHORERE TN X5 L EZ BN,

ENTHAE Uz 3HOWBEEIC OWT, REFRER 1. 3, 6FRE Tl 5Nz 8-16HzmkIc I 5 TR I)LF—
RN Bz VT, 16)sA LD T 3 )VF—H#H (K My 4/sICHY) O 2 4 Rz E CoREREZ THIL Tz, 20D
FER. 200 8HATF - HIAREHIEETIE, 1. 3, 6WFEBIFETOTHIEE (01 & 2 4RR% X TICHERICET
EINTzEE (3R DOLEAY 24135 12/20, 20110 TH -7z, [FIERIC, 2 0 0 4 FHBIRABIIEE TlX 1524/223 231/99
113/50 2 0 0 7 R EAEitzE Tld 17/59 8/59, 30/21¢ -7z, HdHhE T3 1 BERIEIG ST 7 15 O A,
FRBETHIEE T 3 RFREIRE IR U T 17 O/ N2 LTV B, RS Tl 1 IRFREILANIC M ;5.9 M ;5.8 M ;6.3 DREIRERE
R UTM, 1 KRR 2 4 BRI LINICAE T RERIRKTE M55 Th o7z, BE T IMHEEZE TICIZ 1 EE
M5 L EDORENR T Sl o7z, 5.4 M ;5.7 DIRAKSRENEC 572, N6 KEREAEREORERIRICEH
UF B HIEEVEE) S 2 — 2 OZ b, Ml KFE S K U/ NGB DRI & E 2 5N 5,

F—U— R RE, BT, =3V F— R, R ARHELR, Gutenberg-Richtert
Keywords: aftershocks, early forecasting, energy release rate, modified Omori law, Gutenberg-Richter law
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HB) CMT fRIRERE L0 LD 728 D7 IV IR W DR E T 1L O RET

A method to remove non-seismic long-period pulses for improved estimations of auto-
matic centroid moment tensor solutions

Wi 220 1 BR 2 L PR 4 2 0 R s s 3 Y — R 3oLy 4 R 24 Melosantos Arnold ;
Figueroa Melquiadés, Punongbayan Ja?le Narag Ishmé

SAKAI, Takahide* ; KUMAGAI, Hiroyuki! ; NAKANO, Masar? ; MAEDA, Yuta' ; YAMASHINA, Tadash? ; PULIDO,
Nelsort ; INOUE, Hiroshi* ; MELOSANTOS, Arnold ; FIGUEROA, Melquiades; PUNONGBAYAN, Jané ; NARAG,
Ishma

L ERAEREEAIZERL, 2 BT B RS, 3 SRR B, 4 B SR ARARIZET, © 7 ¢ U € 2 K LHE AR
INagoya University?JAMSTEC,?Kochi University,*NIED, PHIVOLCS

W UHIC  JAATHER CRIBERMED B O OV ZIKBHEN. PIHEE LG SIEMNREL L ERETE L0
FHEHPHS5N TV (121X, Delorey et al., Bull. Seism. Soc. Am., 2008)= D K 5 B EIMICIZIIE A > /3—Y 3 VI
K2 AN Z X LROHEE I E 2 RIZTH, Z OB ZBUNHIED 5 WIFE D R FERFHIENTVRY, 71U
Y e A2 R 7HIRIC, HIEE - AR HO T DI S Nz AArER x Y T —2ICBVTE, TOKH 758
WAIRBEEN LI LIEREHRENTVD, TS DJREMIZER v hY— 27 D7 —XiE, Nakano et al. (Geophys. J. Int,
2008)IC & - THIFEE Nz SWIFT ZBIFEMENT > A7 LIC K2 HE A A Z XA LROPEICHON SN TS, TOY AT LG
B (50 - 100 s)DIEIET — 2 SIIEA 23— 3 ViEZ VT CMT fRe B— X > FRERHIBIEZ#EE L TV 505,
IV ZIRIEFEAC K O A S Z X LRIDEYNCTIE TERWIGEDNH 5. BIERHO DX, E@Y)7R A 5 = X L itz F.<
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Japan Meteorological Agency mformatlon on long-period ground motion
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1L ICHIC

EAEIC X2 EE)VADORENDORE TIFEE TIEEEHT 5  EAHERAZ V. BEAOMET, B SEtn/z
EEN IR AL TOHIC BN TEEEIVNTRERENDECEESND /2. TDized, [T TRERER 45m
LI EOEREEC IVAD NORERITEIORIAREHNDIRIRIC DOV T 4 DICX S U= E R BRI 2 iz o3, thE
AT ONEEERIE ) b BRI AR 251 L. <GT HP TOEEZHAITL T\ 5.

T T, S&TIC K 3 ERAMEINICEE T 2 BAERONBIC OV THRET 5.

2. RJEIHhEEFE R

ST TR, PR 284 (20114F) BUILHIS AT EMHIEESRIC 51 2 & d E)VN T OREN DRI BE T 257 > — il
M E IO E (1B - k¥ (2012, AfRIEA (2012, HHEEED (2012, &TFIEA (2012 ) FFIC KB NDK -
TP BN OIRUDOFER®, S 1~2 RRRELLED ADIKRE - ITEIDVRICEELEDORE L LERL TS EEZENS
(IEH - kB (2012, fHEEED (2012) T e ZEiE AT, REMHESFENZHicRD Tz, RANMESRL &3,
6 AR 1~2 #0705 7T~8 IR DRENE U 2 mifd EIVNIC B 2 HgBRF O ADTTEI O #EES DOFEEe, KA
AOBE) « InfB7 EOWEDOREND 4 DOEMEICX ) LIEENORZ T DEETH 5.

KT T, HEEFEA R FICRRIE L TV 2 RS OB T — 2 5RO T MBE IS AT )V Sva GEE

B 5%) DN 1.6F0 5 ] 7.8 & TOMIC B % I AMEOM K Z Z O TREAMHESRR) & LTwa.

3. EAIAHESNICREI % BIAIE

ST T, EA 25 3 H 28 H& D, EFIAMESNICET 28R GUT) & LT, ERAMESRER-SmERT
FEREZICOWT, SSTHP COE#ERIB L.

LAERTOEEFHICBWCERS 1 M 2R L5 RIS 2B U7z 60 BRI DN ST 7 — 2 DY EJE =)
DY AT LISEEE NS, EAHMESR \?I‘H/XTA’CLi COWPET—RICDOWTHEERE, EN /A XD
HIEZIT-o T2 1T, HIEBDEAIE, AfM7EZ X5 DMy Z HNT, FiHL 65 7. sROMTHEO0. 2/
6T 4 DOWETEE (0. 5%, 2%, 5%, 20%) OIEXHEEINE AT MIVE X UHORIBEEISE AT MU, HidH
JERFRN BN ZNIRFRIEIC DWW TCEE L, EEIMESFERO DX, WERIART MVT 5T, T—X2DcsvT 7
AIVEERL, HPIZHEHKT 5. HERENSKRRT HP TOLNME T, 4 10~20 0 E L E> TV 5.

T — K R HRSH,
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The 2011 Mw 9.1 Tohoku-oki earthquake caused strong shakings of high rise buildings constructed on deep sedimentar
basins in Japan. During the earthquake, many people got into difficulty with their movements inside the high rise buildings
even on the Osaka basin located at distances as far as about 750 km from the epicentral area. Japan Meteorological Ager
(JMA) has started to provide people with information on intensity of long-period ground motions based on the absolute velocity
response spectra ( 1.6 to 7.8 s) of the observed records on the grounds (Aizawa et al., 2013). The intensity scale of long-peric
ground motions is classified into four: 1, 2, 3, and 4 having spectral values of 5 to 15 cm/s, 15 to 50 cm/s, 50 to 100 cm/s, anc
more than 100 cm/s, respectively. The spectra were computed at natural periods of 1.6 to 7.8 s using 5% of critical damping
The maximum value of the computed spectra among 1.6 to 7.8 s defines the class of intensity. We have recently constructe
empirical prediction equations of absolute velocity response spectra in the period range of 1 to 10s aiming for earthquake earl
warning application (e.g., Dhakal et al., 2013). The equations use JMA displacement magnitude and hypocentral distance ¢
basic parameters. Earthquakes having JMA magnitude 6.3 or larger and focal depths shallower than 50 km were used. One of t
difficulties in empirical prediction of long-period ground motions is to effectively include the effects of local geological structure
such as 3-D basin effects in the prediction equations. To simplify this problem, we obtained site correction factors at K-NET and
KiK-net strong motion sites as the mean value of the logarithmic residuals. To make predictions possible at sites other than th
strong motion observation sites, we derived correction coefficients based on the relationships between the average residuals ¢
depths of deep sedimentary layers, which are available for whole Japan at Japan Seismic Hazard Information Station (J-SHIS
We found that the standard deviations are minimized by corrections using the depth of layer having Vs value of 1.4 km/s.

To define intensity at a site, we obtained the maximum value of the predicted spectra among T=1.6 to 7.8 s using the empirice
prediction equations explained above. However, we found that the maximum predicted values were somewhat biased again
the observed maximum values. Therefore, we applied an additional correction factor to the maximum predicted values to finally
obtain the intensities. When a prediction equation was constructed using the maximum value of the observed spectra as tt
independent parameter, the additional correction factor was eliminated as the resulting residuals were normally distributed; als
the predicted intensities were almost identical to those obtained based on the regression analysis results for each natural peri
In this study, we illustrate and discuss the application of empirical prediction equations for the prediction of JIMA intensity of
long-period ground motions for earthquake early warning application.
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KOERI (Kandilli Observatory and Earthquake Research Institute) operates a seismic network in Marmara Sea region (NW
Turkey) consisting of 40 broadband and 30 strong motion inland and OBS stations which has a good topology for regional EEW
studies. Data transmission between the remote stations and the base station at KOERI is provided both with satellite and fib
optic cable systems. The continuous on-line data from these stations is used to provide real time warning for emerging potentiall
disastrous earthquakes.

The Virtual Seismologist in SeisComP3 and the PRESTo regional EEW (earthquake early warning) softwares are the two re
gional EEW algorithms that have been recently setup at KOERI data center to generate the EEW sygnal. Onsite EEW applicatio
are underway for more than a decade.

The early warning sygnal is communicated to the appropriate servo shut-down systems of the receipent facilities, that autc
matically decide proper action based on the alarm level. Istanbul Gas Distribution Corporation (IGDAS) is one of the end user:
of the EEW signal. IGDAS, the primary natural gas provider in Istanbul, operates an extensive system 9,867 km of gas line:
with 550 district regulators and 474,000 service boxes. State of-the-art protection systems automatically cut natural gas flov
when breaks in the pipelines are detected. IGDAS uses a sophisticated SCADA (supervisory control and data acquisition) syste
to monitor the state-of-health of its pipeline network. This system provides real-time information about quantities related to
pipeline monitoring, including input-output pressure, drawing information, positions of station and RTU (remote terminal unit)
gates, slum shut mechanism status at 581 district regulator sites. The SCADA system of IGDAS receives the EEW signal fron
KOERI and decide the proper actions according to the previously specified ground acceleration levels. Presently, KOERI senc
EEW signal to the SCADA system of IGDAS Natural Gas Network of Istanbul.

The EEW signal of KOERI is also transmitted to the serve shut down system of the Marmaray Rail Tube Tunnel and Commutet
Rail Mass Transit System in Istanbul. The Marmaray system includes an undersea railway tunnel under the Bosphorus Stral
Several strong motion instruments are installed within the tunnel for taking measures against strong ground shaking and ear
warning purposes. This system is integrated with the KOERI EEW System. KOERI sends the EEW signal to the command cente
of Marmaray. Having received the signal, the command center put into action the previously defined measures. For example, tf
trains within the tunnel will be stopped at the nearest station, no access to the tunnel will be allowed to the trains approaching th
tunnel, water protective caps will be closed to protect flood closing the connection between the onshore and offshore tunnels.
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