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Earthquake Early Warning system combined with real-time ground motion prediction
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EBHT Doz, 20134F 2 A 25 HICFAE LT ARIBIGBOMEICN U T, 1ERIEMRLE LWERZRD TV
FDICE b 5T, 1, 2B OB AFHEZ Uz, Z0D78, A7V v RELTEREDBAIHMEICT X450, 1, 268
DM RFEAM & 72 o Tz,

ZECHR -
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Achievement of Faster and More Accurate Earthquake Early Warning System - Combin-

ing JMA and Hi-net data -

P EH R R sl 2
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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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1%, Hoshiba(2013b, BSSAYFAFE L7z 7V 2 A LA ATRET, FHNHY A N ESiER S IRIERFED —Bd 2T
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B Ry b= THE L TR/ NEREETH S Gl - g, 2011 HIEETASmmYE) T eIk D, E@Reins &
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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 !
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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
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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
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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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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
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