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Development of a laser strain gradiometer and reduction in its thermal noise.
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Compact Ocean Bottom Cabled Seismic and Tsunami Observation System Using IC
and Installation Plan
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The Pacific plate is subducting below the northeastern Japan islands arc. The 2011 Tohoku earthquake occurred at the plz
boundary between the Pacific plate and the landward plate below landward slope of the Japan Trench. In 1996, Earthqual
Research Institute (ERI), University of Tokyo had installed seismic and tsunami observation system using seafloor optical fibe
in the off-Sanriku area. The continuous real-time observation has been carried out since the installation. The system observe
seismic waves and tsunamis generated by the 2011 Tohoku earthquake, and the data from the system are indispensable to estir
accurate position of the source faults and the source process of the 2011 event. However, the landing station of the system w
damaged by huge tsunami 30 minutes after the mainshock, and the observation is discontinued. Because the data from t
real-time system on seafloor are important, we decide to restore the existing system and install newly developed Ocean Botto
Cabled Seismic and Tsunami (OBCST) observation system off Sanriku for additional observation and/or replacement of the
existing system. In this paper, we present a system of the new OBCST in detail, and installation plan.

Until 2010, we had already developed and installed the new compact Ocean Bottom Cabled Seismometer (OBCS) systel
near Awashima-island in the Japan Sea. After the installation, the OBCS system is being operated continuously and we ha
continuous seismic data for more than 3 years at the present. The new OBCST system for off-Sanriku area is based on th
system, and is characterized by system reliability using TCP/IP technology and down-sizing of an observation node using up-to
date electronics. The new OBCST has three accelerometers as seismic sensors. Signals from accelerometers are 24-bit digiti:
with a sampling rate of 1 kHz and sent to a landing station using standard TCP/IP data transmission. A precise pressure gau
is also equipped as a tsunami sensor. The tsunami data with a sampling rate of 1ms are also transmitted by TCP/IP protocol.
addition, an observation node can equipped with an external port for additional observation sensor instead of a pressure gauc
Additional sensors on seafloor are supplied the power using Power over Ethernet technology. Clock is delivered from the GP:
receiver on a landing station using simple dedicated lines. In addition, clocks in observation hodes can be synchronized throug
TCP/IP protocol with an accuracy of 200 ns (IEEE 1588). The data will be stored on the landing station and sent to ERI in the
real-time. A simple canister for tele-communication seafloor cable is adopted for the observation node, and has diameter of 26¢
and length of about 1.3m. This small size of the canister has an advantage for burying the system below seafloor.

At the present, we are producing the observation nodes of the new OBCST. The new system has three observation node
two have three-component seismometer and a pressure gauge, one has seismometers and an external port by using the |
technology. We have a plan to connect a pressure gauge and hydrophone via the PoE external port of the third observation noc
Total length of the practical system is approximately 100 km and an interval of the observation node is about 30 km. We have ¢
plan to install the practical system in 2015.

Keywords: Cabled ocean bottom seismometer and tsunami gauge, Sanriku, Japan Trench, seafloor observation
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Long-period duration of the teleseismic events reported to ISC from Syowa Station since
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Seismic observation on Greenland Ice Sheet by the Japanese GLISN team (2011-201:
and a plan for the 2014 season
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TV —2F Y RIKKRIGHIERFIRE O SURZENC > TRAEDHETT LTV 5. ST, IKIREAROMEIE T AR D E)
BB, DKHIE ] EMHEN2EFDNHEETZ MO NE K5Ik D, MERIC XS KKRE=2Y >V 7IcH
DEX > TS, 2009FICHE Lz 17V —2F 2 RKKROHEE=21) > 7@ (Greenland Ice Sheet Monitoring
Network GLISN)J &, KKE=ZV VFZHNE LT, 117 EOEERLE T/LFEHEENEZEHT 2 Tny o 7

N TH . BIHREIOKK LRBABICHR S N8I, BFEOEFEBINAZEDE TR I>TED, BIfE 3350
HEINTWS.

HAE GLISN BER 5 DS hE & LT, HEBHRZIGE L TWa. 20114, KE & H[ETIKK IS
[ICESG| (Jt##69° 5'32.05", Ph#%39° 38'50.89" #2900 m Ak L7z, 20124EICid, ICESGICHZ T, KK EoD
B 158 (DY2G) & EADBHIT 14 (NUUK) DXV TFF U A%{Tot. 201341, JKIK FiC 117AL T ICESG
EDY2G DAV TF 2 A% 7o T2iEh, IKIK Fidtin OBl s NEEM OBITHISHRICE R Uiz, AREKTIE, HAKD
IERDOIEEE, N5 OB, 5155 NIZHENIE 7 — 2 OFIHN S TS R 2 WS Liz0b, 2014F 0BG
R T 5.

GLISN HARBROTEENE, RIfE GREERS 24403008 IC X DE#EEIN TN 5.
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Development and Operation of Wide-area Observation Monitoring (WONM) System
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NICT ATV A7 57 RiX, TEHRGEEZRERD 201049 X D HERZED TV BRSO 7 59 RV AT LT
H%. NICT YA LT RAT T Y RIZHIERFIR T OMBREBEBIII X Ui BRI 7 — 2 WEESRE B L U1 2 —% v b
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WIS ZA Y AT LTEBLTWS, /e, AVATLEZ ST RERICBFHL, ¥ 200680 NICT YAV RIS
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HICBHATER LEZLONS, (FEEDIX, 100072 2 BHS THLEMANTRETH S EEZ TV 5D,)
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T a YHERICERELTH O, BRHLICERE « /3T A— 2B 2 7o RIS S T — 2 DMRFENS A b L—
VEIIVEITBETIT,. NICTYAZ VAT T RICKDERBIXUCT—REEDEE D, T OMHMAET—X OfESE
WHRIE LTz, A IR HIERETAEAN DS HG TE %, AFEETIX, WONM ¥ X7 LOFABEEIC DOV TN
5. E5ICCNENICTYAL AT ST R ETHREL, MERBREL X CFHEEEN T —X2INEL-REBLZ0HE
BPEC DWW TCHERT 5.
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Development of hypocenter location method using envelopes: Application to B-type
earthquakes at Miyakejima volcano
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NIITE, EAREGAE D IS K 2 EBEHRE SRR HED U LIS EEINIE N 5. 20004EE %0 7 Ao =
ERICBWTE, MEME (A BHE) P SE FAIRNS B RHMES DHGNSEIENSEDD, BKZ9
N P SO S _EH D BARIANE: B BIHIEEIC I NS, TN D ORKEFERFOFAE D B TERVIGEITE,
BRI OB AT OMER OB Z R 5 /575, HEIIRIEO K E T ORI MZ2FHT 5 5EEENL LD, B
BN O ORI AEN S % . T4, Obara (2002)3, 7L — MEIFEA T CTHAS 2 I8 ORI 75 e & 1
MENOBEEHE T BT, ToXO—THEEERREELE. COTETE, BllHACEIcEREo vy ~No—7
ZEML, TIN5 OMHAMHENC X > TEMSM O ST RERLEZ % C L TERZHET 5. COFEE, =25
DONILPEHERIS T U 72655, FHAIEFER LG AR D IS K B RER L B &, ToXa— THBE CIERERM NS
RIIC R 0.5 - 1 kmd 17z (Uchidaet al, 2013 IAVCEI). Chud, To_"o—7HHEETE, IXTOENNTT
ANA—=TEIRDNAEICEERELTWA T &, BiEla EHERERICE RS o \0—TIERKEZEEL TWiENT &,
EHICTyRNA—TIROY A MR ZEER L TWERNT CICHIENDH S, Z T TAMIE TR, HEHICK S SHFER
LD & O DA HER —ROMEZFIH LT, TORMEMAEZHIRT Z2UBTNa—THBEEZFE L. COFEE,
SEELERLIDOARHGHIERE O L >N\ —7 & SIRERERLID IS NS A XY DL No—T7 DA
BZEIET % LT, Rk SIENERZIZHEE L, BREHEETZ2EDTHS. BHANY ML, ThZThOEMIN
DI NA—TIRD, BIFERETEZARY FETELRIHLUNCRD XS FIRENZ CENEF LY. 2T, HHA
IC KB SIHEERZIDFiH & O HAJHER —EROHE (BIRA Y Mehl) CEBFIRET 24\ bZENTNhCHEfET
NO—7EERL, ZOEkET AN\ — 7 OMBEREDEOIEICSIBA XY N EEIT 5. Ty Xo—7L
X, SBAAOT > Ra—=TEE, BMELZRIZ THELUORERETY L, ThoEH5H Lk ElN
JE T ANTRERIE S SRS L28 D TH 5. ﬁ%i/mm THIE DML N &1, BEHSEoT >y Na—7
DN B EAY D REE LM AR DN ZIER U T, BIRRET 2 ANV FESBAXY M TEREMIELTVS
TEEENT R, ZEETPIK, s&®L$mbﬁﬁxt1Mﬂ®AW%z%iO3MﬂDBWﬂE%ﬁ%4«/h®
i & U, 104910 B BIMIEIC C OF AW Ui, #ifsD o \a— 7 OMBIREN 0.9 | & 7% 5 KT 8 HDSH
AN FEBEC, ZTNTNOBEANY MEICKBIHNO SIBRERZIEHEE LT —2 & L. HROBBAY M e
fifio DI, 2O SIHRLERZM S T LIC K> TEEFNT A—XOHEEEEZ/NEL TB0TH 5. TOKR, =F
BTENE Nz BRHED 71 vDEFRZHEE TE /2. BRI, BAOOMEISEWCIUTEA VT S N OE S 0 - 2
kmicHEE X Nz, ABIMEX, JVT IR SR THOMAL, —if, BRMEBOREREERL T ENVyh >
fo. EHIC, EEREHGAIDICKI DR EIIRT ST L TEOMEEMIE LR, BTy \a—HEETE,
KDL Nm—THIBEE (Obara, 20025 HIC NS EKEHRADKE EH 10770 LIS L, RMIVIREIRNLE D
TNMNFFHEE N, CTORBITYNOo— B, ﬁﬁ%&kMﬁM%uﬁﬁf%%wf L% <o B Az
DOEFEOHEEMNATREL 20, KITEB OB A LIPEHIEE O FABFEDRIIC I D T E R E N 5.

F—TU— R BFERE, ToXo—THE, =28
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The annual variation in the teleseismic detection capability at Syowa Station, Antarctica
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FEAESIC 361) 238 5K 20 R ORI 9 2 HIRE NI, RN H SN2 T EMMERTE TV 5 [Kanao
etal., 2012a, 2012b] ZDE/z5FEK & LTk, mMAFERICHT 2K « EEWELIICEART 52 eh. il
I B 2R (IRE) OFAEZIEL., ZOREE UTHIEEETD / A A LN)VINEiZ{Ed % 2 & [Grob et al.,
2011;4: 2 - fth, 2012 E 2 5N %,

T, KR - KR EDIRED ST X — X HIERHIGE NGB R 52 5 T L 2 FKT %, AL, Kanao et al. [2012a,
2012bJld. BHEIL7ZHEDY 7 =F 2 —F (M) OFRICER LT, FROFEFE(bZIEfH L TH D, B/ ST A—%
E MR & OBMRZFES MCT 21T, £9. BRI OFELZZERLdT 5 LARETH S, LLED
TeEEEZ, R TE, LLFDX S R =175 1z,

HuWiz7—2Z&1Z, Kanao et al. [2012a, 20128} > 7z & D L6 U, BRI B TRETE iz 198740 5 20074E
FTOEMMBEN 207 THob, WolHEOKIZ. MMBRE > TOARNVWEDDHZRNZ 19,04MHTH %, Fiz. M
HIBENOFRZZTAND Z EHWHNTH S D, T—R2FLFETLICHEL. EREDEE D2 LT,

HEMAIRE ) OEEILICIZ, Ogata & Katsura [1993DE 7 )V 2N L THWz, TDETIVTIE. Gutenberg-Richter
(GR) HI| [Gutenberg & Richter, 1946f . &% M ICIIF 2 HIEDOBHIR E DRIC X D, BIIIE Nz EDMDE S i
BohrRET S, HU, KA THW A2 7 OMIZFERES T =F 21— F (Mb) TH 270, Wb 2sMDEIH]
MHALND, TOTeZFEL, @HO GRAITIFZRL . AMEOMZ/INTA—2L LT LS GRAIZHRE L
£ D [Utsu, 19742 oo &2 MICET 2 HIEEMFIFR L, Ringdal [1975)213 U &9 %@L D54 [e.g., Ogata &
Katsura, 1993; Iwata, 2008, 2012, 2013a, 20134\, IEHI MO RBEHEER TR T L L T5, CoEAEIC LD,
HIERRHIERDY 50%E 72 2 MICHYS T %/3T XA—% y WEAEN, TONRTA—=RIC Kb, HERHRE ) ZERNCELT
T EMHKS,

Z LT, HEBHIRE ) OWER GEED 21k, BB p ORiZ L%, Iwata [2013a, 2013b} (ZIF AR DFIEIC K D HEE
Lize THUE, SHIEDOR X R ZHiN & TR AT T4 2T u ORIZEt 2L L, ZOEEFHNESNMTEE XD
BHFZFRLUDD, x OEZEREET 20 bhid 2 XA BB D HEETIETH %,

fRATOFE R LU RICHICE %, £ ABIC [Akaike, 19801 D EF VI AT o2 £ T A, 1 DEFZE(L
W 7z & U7zETIVD ABIC DfEICEER, THB | L LIZETIVDZNIE54.9NE x>z, TDT D, MAIGE
HOEFZLIZIERICHREE S X %, £z, HEIN p OFFREZ 12 H FAICRAME (b BRETRENDEN) 7|
8 AN i/IME (REMHENDEYY) ZFRH, & DRI 0.13Th -7z, u DEFZIEMNIRK « /& 75 5 R
. FERTEHNC WO TN E N FISTRLED K - N e R 2RI ZIE—H U THH . RE/RT A—X LHER
HIRES] & DRI HER E Nz,
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Towards Detection of Hydraulic Fracturing Induced Earthquakes Using Neural Network

& AR b A AL R T2
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BEFRFAFICBO TOKEMIER DNV S NZENL L H DD, ZOHREORE 3@ L—F Bl E N, I N
D NIEDIEN D 2D T7IVZA LTI 2HNARETH S, LML, TNSOHMENIFHBNTHADRK L 55
TI530F ¥ —DERK, KELEDKL D ZEFZRLHZDMNIHSEMIIE > TWAERV, ITHEDOWIZE (il 21X Das and Zoback,
201D T, WEHEOFFRMEL 138> T, BRSNI WA O ATHEICHN 2 RE BB IS U 2 E A E
7hleH %, TOXDBEERHED X 7 = X L72FAT 2 T L1 FRlOREMZRRT 2 1DICHELRETH D EEZ
S5NBH, B TIHEEEOBRIBNIIEFE IS DRV, ARIFFETIE X D £ < OBIIIT— 2 h 5 iR HIEE & &
BOT—2%218518, Za—F)3%y NT—0EHOWTEERHEO BN ZMGEE LTz, BUESRER TIE A1 7 — &I
BRI, o7 VB A XV, KT —2% AT UIEER, A XORKIREN S 7 IV OERKIRIED 30
%1E EIC > THIHEMBICHED RN EDVRE N, FIARHAT—28 SNIICBED ST, BlfirT—20E3H %
—EFETHEPT &, ZN EEDLTEHRELE Dﬁ’b%fgb\$73‘bb‘97’_o TR EBIT— 2 LTs D
TRWEET T — X THATHED SN B[ REEIVRB S NS, SRIMMESNIL B2 EET—2h 62—y b k3
a3 %70lc, 7 v RUIEOED 5k }:%EQEL’C??< FTETH S,

F—U— PR Za—F)bxy N U7, WG, IR, (R RS, R
Keywords: Neural Network, Waveform detection, Hydraulic fracturing, Low frequency earthquake, Seismic Waveform
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F-net A E R OE R,/ A AR _
Background noise characteristics of F-net broadband seismograms

Ak BGE ;R I B5 2 5 YANO Tomoko Elizabeth ; AR wfd 1 JE s AR L A #hc !
KIMURA, Takeshi* ;: MURAKAMI, Hiroshi? ; YANO, Tomoko elizabeth ; KIMURA, Hisanori* ; KAZAKAMI, Tomoe! ;
MATSUMOTO, Takumt

LB SR AR ST, 2 HOE TR S i SR 2
INIED, 2ADEP

B3 SRV AR AN ZE AT AN S B I i R DA F-netid HARZE 738G A 5750, SEIIS Tl STS-1/2% CMG-
1T/RT i EDJLHIBHEHDEE L T 5. Tz, 20134 RN 5L STS-2.50B@ LB L TW5. ch b DfiEHI
IREDGUTEZL DB kT 5728, EE 30-50 mOBTINICERE SN TV, H5NTET—2IETNT WebX—T T
NHEENTVSIED, AQUA A7 L (Matsumura et al., 20067% £ Dk 4 7 BIR HEETICH VSN TW 5. T Dk
F— RO SNE NI T B C L 1d, BUMEOE « HiEr L OENEFOT %) VY - KGEEINTICE 5T
HELIRS. KT, Fnet7T—XDWEZFHET 57201, ZOER /A XRHEZHEE Uz,

McNamara & Buland [2004P FEICHEY, F-net#fiiIE 7 — 2 0/ — A7 h)VEE (PSD) OREREE 710
(PDP) ZHWT, EH /A AFEZ5HE Lz, 1996?22013ED 1Y > VD F—2ici LT, 1HE (50 %4 —/3—
Fw) OF—ZEEIEOHL, IEED PSDEFHELZ. 1HEDT—XIX 75 %4 —/N\—F v 7D 13{HDtE 7 A
vk (6RE) ICHEILTEHE L PSDOYEY%E 1 H D PSDE Lz, 5Nz 1 HO PSDIXJERIT 1/8 octavei]
b, 737 —"T 1 dBRIFAD bin IcHk D 7731 7z,

BF5 N7z PDFD S&EMIR - KEHTO PSDORFMEZFIFE L, SEPTZOR/MEZ LS 21X D Fnets
RTOREAE ) 4 XET )V 13T, USA NOBIHIHIC N U THEBED THEIC X OG5 N/ 4 €7V (McNamara &
Buland, 2002 & tiligd % &, FEH 4R E A0RDEIT, F-netDETILOTH 5 ABIEEE N> 2. F-netDEHEE T )L
WBEARMIC STS-UC K DIRESTIHD, STS-2TIEEM 200-800 TENL D E 5dBFEEE N> 7. £z, CMG-1T/3T
WDV TIRZNZNEH 30-200000 T 15 dB, 100-2000f> T 10 dBFZE .

AR F-net CIEIEZFHC N 2 IR ZL OB RS 5 012, FEATFa—)VEID 7 \—EHIFEEHIRE LT
3. TOHN=ICEKD, 2D STS-20 F BRI DONT, A 5008 & b EFRMHHEE TR 5 dB D/ ST —DE A A
5N, TOMEEBIEETO /A ZRBICENTH 5.

F—T— R @ /A R, R EEET, F-net
Keywords: background noise, broadband seismometer, F-net
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SR B 2 BRI E O UK HER O R R & AEL A0 R
Long-term ocean-bottom seismometers in MRI/JMA and some related problems

S BRG U; oof S BASE L iR B L BERETEH BASE L i A L B KD 2 R GRS O AT 3 A2 B S R
il F s 4

HIRATA, Kenji'* ; TSUSHIMA, Hiroaki' ; YAMAZAKI, Akira ' ; KATSUMATA, Akio ! ; MAEDA, Keniji' ; BABA, Hisatosh?
: MATSUBARA, Tadayast; ITOU, Tatsuyd ; SUGITA, Tomoya ; HORI, Katsuhird ; SHIRAKO, Takeshi

LR T SIS, 2 B RAE A, 3 MRS AU, 4 B R Tkt
I'Meteorological Research Institute, JMASchool of Marine Science and Technology, Tokai Universifipkyo Sokushin,
4NiGK Corporation

KGR, W AR T HEE AR DR E EA O KFEMIFAEICIEH LT &2 () S sGRE O FH AT OBS
(AL : TOBS-24N ARk 18I 30 B %2 Tz, TN D TOBS-24NIE., FiK 23 HE B X UK 24 HERAET
459D, 2FEBTHE 8 HD. BHED OBSH T ZAERNEHD L a— X —ZHEE N L a—X—icdudE L. S se
e L THIS TRE 1 EROEBIIA A e/ EX% OBS (TOBS-24ND %% U1z, (i EE /1{kid. C BLEfIC
JAMSTECIC K D FfiE Nzt D & RMIC, BEIROKBLIL - AD 2R T OMHEE ML - slsADIKE 1kic X -
TEENz,

K 234F 11 H S BRRNZEEAL RF11-10XEIC BN T T NS O ENR OBSAEZ AL EMNCERE Uiz, TR
244 9 AICIE U < AL RF12-07XfiiiFC BN T NS 4 BOREIN EHiizic 4 BOEHR OBSOREXZ L LS L LT
LA, HERMOMERTRIEEIMEL TW i 4 BORENOEHM OBSOEE NS VARV ZAHRHELTEE XL, R
FHRI R T A FMNCE 2 RIRT 2 R EEERRICH > TWA T Ebh T, £z, EINERAT-ENR OBS 4 50
SB2BDFEN S VARV EDNSINEEERT BT EMNTETHEINT ST ENTEhholz, BINL T 2 5D EL
OBS I BUF At MEoNTWVWAB T L 2R LT,

FHERN T VAR ZAOFWERBICDOWTIX, RF12-07XfTHE T EE. BERRD N T2 AR Rz A—H—ITiED R
URKZEHE B T 7a o7z, ZOREE, (1) B0 EREREE N & G 0RERE M E 5 SN RELFTT OBSZRE L
Tzizéh, OBSEE LTV ARV X DEZ e CUERTEIROF 2 VBIRINICA A IV TRz E NS EE TR IR D
ERIC A IV DIFEIC X BBRIIDE U TWEAREEN S B T &, E 51T, (QMOT Y v FHEDFERIC X BIRE) / A
ALK T, EZWEBRBATBICTF vy ET7—2 g VEHRDEL, HEMREEZHLSBEELRH ST . D2 DN
KTH A5 LTSNz, THUTHDERD 2 DDWNKRENEZ SN (Q)FE STV ARy ZE T RIEE O F I L 3%
ZWARDA —IN—FR— )L 7279, (b) AIREI DB 2R 5 2DRES Y O LI OBSZHHT %, TNHDAER)
7z ME e 5 T DICENEBRD DN, TD2DDMNRNENTH S & 2R 2RBHERNMEO N, TDH%. X
ST I SR ALRTHE 2 fiftifeds K O EEL 1 ez O 72 BUGHEREBR ORI, SN S DRV ERITH S T & DD
bHHENTz,

F—U— R BRI, BB, e iE G, ARSI
Keywords: long-term, seismographic observation, ocean-bottom seismometer, measure for a glitch
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HBIECE 5T (Paroscientific depth senSoDERHT K 2 HEMEDZ{LIT DN T
Value change of ocean bottom pressure gauge (Paroscientific depth sensor) by inclinatic
of the sensor

FBTE ket b fcmE R L RIEE 2 RGN HEN 2
OGATA, Naoki'* : SATO, Toshinori ; YAMADA, Tomoaki? ; SHINOHARA, Masanaé

PFIERAAR AR AR, 2 RORUR 2 B ST Al
LGraduate School of Science, Chiba UnfERI, Univ. Tokyo

F I
Paroscientifictt depth sensofe W /2RI /JEHE, MBI TO b NEBZHE R 5 e DI Tl bk 4 G CHEH E
nTwsd Wz, fad M, 2012, COFEJIEFOBINEEAE 0.5hPafefE (KIEHUE T Smm) (1A, FIEF
2012 TH Y. WIE FOHERERINZ & ORISR ZA0— ) v 7OBMICHE TH B L EZ BN TV, LHL, T
DT —d, oY —DRAZENETED L, LY —EEELL EOWPEEOZELZLTLE S &I T EMHIGN
T3, THUE, HEROHFRZEENC X 2 WKL IFIOERNC K > T IELWEBHIRN TERWATEEEZRLTWS, %
CCARETIE, HEIIEIOMERNC X B MEMEDOZ L ZEHII L, BIHERRE LRI OV TR 9 .

HE & A5

il L7zt > ¥ —I&. Paroscientifigt® intelligent depth sensor 8CB2000@ % %, #lliEid, 2 TE T Y —%
BT Ty L, RIS Y —Z8E LERAEICT %, BIIENZELIZDL, U Y—EEH NChy
% LWV BIERITV, H R ZRWTW2REHERN L TV R ROMEDZEZE > T, TOREDER. v —Z ) 5
. o < D ET RV EHEBEIIEEDHIEND LS T eWgholc, BTN TELEER T LickbE L
BIENE BNz, Tz, 155 NBHMEIS R U CEREFARBERE N T v T 4 VT B 7o Tz,

HIEDRER, RN X2 HEMDZ bIX. 10EDME TH 2 hPa 20 TH 6 hPa 30/Z THJ 12 hPak HE A HEd
IKONTREL A>Tz, Fiey WEMOZLIGE NI U TRIFTIER L B FED 15#1F EEN iz hbicZlb L
TWBMERE STz, Fioo RN ZHEMO FBIMEE. B 0.3hPaDiifAic 2 2 &b oTz, Th&D,
BINERA: 0.5 hPaINIC /& 51T, MIKEJIGIAVICHICEIR LI E (B —DE 2 <EAE). £ 5 ELANOBER
ZMLE 2B T Mo Te, WEEJEIDHCTEIKR L HGEE. FFafiflEk< a0 HIAIE 20 B 7hEE+ 2
Bz Eick%,

F—"7— F: [EJ1EF, @R IE, Paroscientifigth: depth sensor
Keywords: Pressure gauge, inclination correction, Paroscientific Depth Sensor
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HiEE FN B S X7 LOPERERTAG (2) _ _
Evaluating performance of automatic earthquake detection and location system for thi
nationwide seismic network(2)

TR = SR O/ R 1 L 52 5 R o a1 = I Sl 1 | £ IS PR 7 5 2 Y R =22 L S IR {70 5 N | T S
NAKAYAMA, Takashi'* ;: HIRAHARA, Satosht ; KONO, Toshid ; NAKAJIMA, Junichi! ; OKADA, Tomomi! ; UMINO,
Norihito! ; HASEGAWA, Akira' ; HORIUCHI, Shigek? ; HORIUCHI, Yukad?

PRI EREBEE AR, 2 MR — LY A AEX—X
IGraduate School of Science, Tohoku Universitypme Seismometer Corporation

The number of seismic stations has tremendously increased by many temporary seismic networks recently deployed in variot
areas, in addition to dense routine seismic networks such as the nationwide Kiban seismic network. Effective automatic eartt
guake detection and location system is anticipated, because the ability of data processing is limited. Manually picking P- ant
S-wave arrival times etc. from a huge amount of seismic waveform data observed by such many seismic stations is considerab
time consuming work.

Horiuchi et al. (2012, 2013) have developed such an automatic seismic waveform processing system. This system was set |
at Tohoku University on December 2012, and automatic detection and location processing of the nationwide seismic networl
data has been operating since then. The system can detect and locate many earthquakes which are difficult to be located by
routine processing based on manual pickings. However, sometimes earthquakes cannot be correctly discriminated by the syste
for example, when more than two earthquakes occur almost simultaneously. In order to consider the application of automati
earthquake detection and location system to the actual seismic network, we need to know its performance.

Nakayama et al. (2013) tried to evaluate performance of this earthquake detection and location system for the application t
the nationwide seismic network. Results showed that the automatic system could detect and locate earthquakes about 1.5 tirr
more than those in the JMA unified catalogue. The automatic system extended the lower limit of the detection capability to
much smaller magnitude range than that by the JMA unified catalogue. The evaluation also showed that S-wave arrival time
picked by the automatic system were systematically delayed by "0.05-0.1 sec compared with those by the manual pickings of tr
unified catalogue. Based on this performance evaluation, Horiuchi et al. (2014 this meeting) have tried to improve the system b
developing a new algorithm to better pick S-wave arrivals.

We have evaluated performance of this presently improved automatic processing system by using the waveform data for th
same period as those in the previous evaluation. Results show that the systematic delay of S-wave arrivals by the automatic pic
ings is considerably improved and the difference in S-wave arrivals between the new automatic system and the unified catalogt
has become nearly the same as that between the manual pickings by Tohoku University and those in the unified catalogue. Tt
indicates that the S-wave arrival times, as well as P-wave arrival times, picked by the automatic system almost stand compa
ison with those by the manual picking. Moreover, the evaluation shows that the new system also improved the rate of correc
discrimination of earthquakes: the percentage of events that were missed to be correctly located decreased from 19% to 14
(most of these events are those located in and around the Izu-Bonin Islands and the Ryukyu Islands), and the percentage of eve
that were incorrectly defined as earthquakes decreased from 3.1% to 2.5%. This is because of the improvement of algorithm
correctly discriminate more than two earthquakes that occurred nearly simultaneously.

F—T— F: RGBS BB, B BB S X 7 L, PERERFA
Keywords: automatic arrival time picking, automatic event detection and location system, performance evaluation
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GNSST— & Z2{#i > 7= W-phasdi#ft
W-phase analysis with 1Hz GNSS data

R SRR BAS T  NT B R 2 R R 2 | Y 2
UENO, Hirosht* ; KATSUMATA, Akio ! ; KAWAMOTO, Satosht ; YAHAGI, Toshihiro? ; MIYAGAWA, Kohei?

LG, 2 1 st P
!Meteorological Research Institut&Geospatial Information Authority of Japan

LG TR ENN O LB HE R Rl i FIV T, W-phasdi#iffiz11-> T\ %, BifE, iR 6 50 C W-phase
7 skeh % T EMHKk, ZOMRKUETE—AY b T ZF 2 — RIFEIETIRO Y L— RZEHEL U BEBRZTT S T2 DIEHR
D—DELTHHLTWS, UL, W-phasdiiht TRz LTV TV B IEHIRHEZIE L, B KR OB O FA 5T
WEEETIIARLZEICIRS T EMNE L, W-phasdfiTIcHiHT % C ENEHELWGEDDH S, —75, EHEENELET 5 GNSS
F—2X. BT 2 0EN L BE LN RE LTHIHTES C EAEHENS,

SEl, EHEEEAEE LW 1Hz GNSST— 2 2 W T, 2011 IbHT R EEmiE & F O 4RE. 200341
PsiitthEE D M8 DL EDOHIEEIC DWT, W-phasdiitiz17-> THhlz, KDL ORELEENT—2EHVEZ LIk B,
W-phasei#tt DIRF R & H 9 2 BT S OO ZE IS DWW T, et Z1T-o 7,

F—7— F: W-phaseift, GNSS Bt 7 ATtz
Keywords: W-phase analysis, 1Hz GNSS data, Great Tohoku earthquake
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RO EF R MR ORI (2)
Automated event identification of aftershocks(2)

P 53
KATSUMATA, Akio !*

e G S
I'Meteorological Research Institute, JMA

HIFEF R R RED A ORI HBBIC X D BT 2 C L 2 HINE LT, H¥T 2 REXHIIMCERIES S
WHEEDBRFE 21T > T A, B AR FEMIE TIE, REEHIMNIEFEICERTH O, HEROHDOHRR S LD
IKHDWIFETE, BHIROKREGHETH > TE TR T—Z2OBRHN TELRWEENH Tz, ZOX S HHEICE
AR FOFEDORIMHATRELRTFEEMRHF L TWVS. TORETIINE 2N L 2B IRHEEEIC DOV THAT 5.

DFoOX 5%z \o—70E—7{kiE & RO EED S A2 A TN 5.

U TIVEA LMk SN T L ZHEHIVIC, SAZERT 2 7 1 V2 —%id.

« T4 )V E—EGROPFEEN S T Nu—T 2 RD %.

s ILRNO—TDE— TR, RAIRBEOERZED HT.

« TARNOA—TORAIEE « ZORENCOWT, BANEERZHEET 5.

DEmci, ERzHE T 5 LT, EBIRRE - B - B - R - B 5 JotZERIC B 5 RIBEEATL (SCE-UAYL) %
W BN E #2175 > Tz, LA L, HIRZEMTF I 5 K2z FaE T 5 &, /A XD S5 BikiE « BZlicDw
TELENEZEDOEREUVHLTL 2T EHEL, BIERREESHEWVIGEENKETDS. £z, REOE—VIEHT S
&I T Y5 SSA(Source-scanning algorithm: Kao and Shan, 200)@3 31 & H %55, SSAICEBWTIEHAED
T L EDREED R WRERENME S NEWIGEENH 5.

T T CIERUS CHFFCHRIEL XV EN S 72 7 —T 7 £ THL, FICZDOHTRAD SINZRDOEDEECHT.
ZOT— 2] RIBIC OV TICESIN R T — 22T K5I Uz, JRWHEiIFED & iRz BRSO Tk <, 5§
HHTE 2T —2%8c U THREZRAZRODSHBELTVS., HESIKOWTIREEE L, BREEH - Shifra2 s
T, Wex2 7 —RICBENET —2DE B2 0MEZTETNEZEA TS, T TR, ERRIERERHZED S
TEICKOED, BIIIRIE L BREEE) ST E > TL 5.

SINIKDKEZICEDWT, #5757 —XERIGEIC/ A XAPRBCTZENTLESHINZWL. LHhL, /AL RICD
WTIBEANET—2hHE 0 ixnzd, HIELEAEINEV. HEL L TRESNT =20 /A sk INi:
T—=RICDOWVTIE, EBESRN 53T LT E, EENie T — R DOWTHEEER 297 — 28D % < 5% T
MEBIEI XL TNVS.

BIED L T A, BFMICHET ZHIENZA XY O L 77— 2 BOZVEFEOHEIITETWS. T—2H0D
IEVERICOWT, BIERERERNMEE TE RN 720 T2550H0, BElzith->Tns.

AFHEITIE, HNTITBEE NG SRV EEAR T, JGEERY, ShaTRYE, BILRY:, #KY, HhERY, 5K
F,OEAIKE, JUNKY, BRERY, [ST, MVATBOENESERANR G, E TR, EARE, R, #d
U, ) 1 SRR SR AR ST, BRI e O A TIBGE NIRRT O 7 — 2 2RI L T 5.

F—TU— F: BIEO BELHE, B O No—7
Keywords: automated seismic event identification, envelop of seismic wave
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DA EJEAC 3513 2 1 N EE BT HE O L

Construction of the seismic observatlon network around Shimokita Peninsula

BEAR F5KEE 1 B & L BRG] L EA R T BB AE L RE
SEKINE, Shutarb“ SAWADA YOShIhII’O1 KASAHARA Keljl1 SASAKI Shunjil : TAZAWA, Yoshihiro! : YAJIMA,
Hiroshit

B MR TSV RELE
L Association for the Development of Earthquake Prediction

X CHIC

HAtAEER~ b rE IS 38U 2 MU NE OB S 241, Z ORI TN SR Hi-net S0 K Z2E OB A Lk
EICHBEINTED, HEHESOREE THMNIEGISIOHENIREL 52 5. LA LANDS, FREEDRIBRYLE
O H AR Tl PR I s O D < BN ORIFEDN AV, T D8, R, HERAEEO FRORE
SOHIEE DT E) 72 itk & FIRR OGS THHE T 213+ TldhnweEZIS5NS. 2T, L®ﬂﬁkbwéaﬁ&i
DOENEEZX S L L IC, SERTE ShE THEFEHORE= 2 VI Z{T5 T Lick WSS 1) B Hh
Eﬁ%% ERED AN Z A LOIHOAIC, BB K TER BRI &% W®W$%Eﬁﬂm% RIETDHHEL
fz. TTTE, TOBMMEOBEIZ DWW TS,

B DR

ABTAMEE. SRR 25 FEEIC 20 55, K 26 IS 16 SO AR 36 BIHLS TR ENTHE L. SENISIZRHEOBIHI
MWEEFDT IOkmMEFEICE S X ICHBEINTWVS. SHEBNA T, MENMIENS KEE THISTES XK,
Lennartz® 3 il EER (B 1 7)) & BAMZE O —RIEE R+ 26) ZHAGDOEREZAT I
AL HIEG 2R E 20mBEE DR T R —)IUFURICERET 5. 7 — X IEEI L34S0 LS-7000XTIC K D 100HzY >~
VYIRS N, BlENS Y 7V R A L THETHRREVIZHREL S OARTICEE TN, HAMEN, IJIDX-netz/T L
T, EEOHESNM Ry 8T —7IGAEEI NS, BHCFER 25 E 7 OIS 12 H A S8l ZihHTEHE D, 2015
E1H 16 HSEMERBMR LTz, COBIMEC X B sNT—X1%, JEHOMBERE OB ME A T, BlHEEL0
%ﬁ&l&ﬁﬁ EERGE B X O OMEEEIFICOVWTEHET— 2 E5N2 8D HfFEN5. &k, 1 ADIKD
WTC, BIRVEZIT-oTc TA, SGT— o BRI LT, 2 5REDERMIVE TNz,

F—U— F: HEERINE, MRS
Keywords: seismic observation network, Shimokita Peninsula
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