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When a large earthquake occurs off a coast, the resulting ground motion can soon be followed by the
arrival of tsunami waves. This interrelationship can be useful for issuing tsunami alerts. This
study aims at detecting correlative relationships between the intensity (runup) of a tsunami at a
site along the coast and ground motion parameters at the same site due to the earthquake that
produced the tsunami. Our estimates were derived by combining historical and instrumental data for
eight sites along the Pacific coast of Japan (Figure 1).

Our regression analysis of collected and systematized data used the tobit model, which is able to
incorporate all tsunami data, including censored data below the tsunami-detection threshold. We
show that if such tsunamis are neglected by the standard regression model, the result is to
overestimate the height of predicted tsunamis (Figure 2).

Analysis of the regression results (Figure 2) shows that when a tsunami generating-earthquake has
occurred, a tsunami with runup that is equal to or greater than 50 cm should be expected if peak
ground motion velocities greater than 7 cm/s have been recorded at the same site, with the
probability of the failure to predict being 16%.

However we should notice that large standard deviation of data, around +/- 4 times, results in
large percent of false alarm cases and makes practical prediction problematic. In order to analyze
possible reasons of such a large scattering of data, we grouped them according to type of ground
condition, shore line and earthquake source. It is found that effects of ground conditions and
shore line are minor in comparison with tsunami-genic effect of particular source.
Acknowledgments. Data from databases of next institutions and agencies are used: IVMiMG, NOAA,
NIED, JMA, PARI, Tohoku Univ. We are grateful to T.V. Shkinder for help with Japanese text sources.
Figure 1. A map of the study area. The triangles mark the selected sites with copious data, with a
number of observations of 20 or more. The inclined crosses mark the epicenters of earthquakes

analysed.

Figure 2. A summary of tobit regression for individual sites (light lines) and for all of the data
at the eight sites combined (long-dashed line). The short-dashed line shows the mean plus standard
error for all of the sites combined. The heavy solid line is the mean for the standard regression
without the censored data.
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Updated empirical relationship of large tsunami height between offshore and coastal
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Here, we use a total of 57 tsunami waveforms recorded on the DARTs and a dense array off Oregon and
California from the 2012 Haida Gwaii, Canada, earthquake (Sheehan et al., 2015, SRL) to simulate
the performance of two different real-time tsunami-forecasting approaches. In the first approach,
the fault slip distribution of the earthquake is estimated by inversion of recorded tsunami
waveforms. In the second approach, the recorded waveforms on the dense tsunami array are
continuously assimilated to produce tsunami wave fields within the vicinity of the stations. These
tsunami source model and tsunami wave fields are then used to estimate the tsunami along the coast
of Oregon and California. The dense array provides critical data for both methods to produce timely
(> 30 minutes lead time) and accurate (> 94% confidence) in both timing and amplitude of tsunami
forecasts.

In the first approach, we use tsunami waveform inversion (Satake et al., 2013, BSSA; Gusman et al.,
2015, GRL) to estimate the slip distribution of the 2012 earthquake. The fault geometry is based on
the W phase solution for the earthquake. Large slip amounts (4 -5 m) are located near the Haida
Gwaii trench. The synthetic tsunami waveforms of the fault slip distribution match well the tsunami
observations. Therefore, the fault model is suitable for tsunami warning purposes.

In the second approach, the tsunami waveforms are used in tsunami data assimilation method (Maeda
et al., 2015, GRL), which does not require any assumption about the tsunami source mechanism.
Tsunami wave field is created at every 1 sec, and it can be used as an input for tsunami forward
modeling. Realistic tsunami wave fields begin to emerge after the tsunami passes through 5
stations. As more tsunami data are assimilated, the wave fields from this method are gradually
become similar to that produced in the first approach that utilized tsunami waveform inversion.

High accuracies of more than 94% in average are produced from data-assimilation wave field at
stations near the shoreline. As an example, using the 130 min data-assimilated wave field, the
tsunami waveforms at station FS12B is forecasted with an accuracy of 98% about 30 min in advance.
The tsunami data assimilation method that we present can be run continuously in real-time and does
not require a fault model. Remarkably, the tsunami forecast accuracy from the tsunami data
assimilation method is as good as that from the traditional tsunami forecasting method that assumes
a fault model. Real-time tsunami data on dense arrays and data assimilation delivers a new
generation tsunami warning system.

Keywords: Tsunami data assimilation, Dense tsunami array, The 2012 Haida Gwaii earthquake tsunami,
Tsunami forecast, Earthquake source model
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In Japan, the Dense Oceanfloor Network System for Earthquakes and Tsunamis (DONET) was recently
developed in the Nankai trough (Kaneda et al., 2015). DONET1 is equipped with seismometers and
ocean-bottom pressure gauges at 20 points on the sea floor and submarine data can be acquired in
real time. We studied the relationship between offshore and coastal tsunami heights with the aim of
using DONET1 ocean-bottom pressure gauges for early tsunami prediction.

Previous works focused on the average of maximum absolute values of the hydrostatic pressure
changes during a tsunami (Baba et al., 2013). Although compressing time series of pressure gauges
data, they revealed a clear relationship between the average waveforms of DONET and tsunami heights
at the coast. However, since they assumed linear relationship and used only the average of the data
at all the DONET stations, it may be inadequate to take accurate tsunami prediction.

Here, using a standard nonlinear regression method, Gaussian process (GP), we construct an
algorithm to predict maximum tsunami height. We found a greatly improved generalization error of
the maximum tsunami height by our prediction model. The error is about one third of that by a
previous method. Moreover, by optimizing each sensor’s weight of GP, we investigate the
contributions of each ocean-bottom pressures on the predictions, which enables us to take more
accurate prediction of tsunami height and could provide the design criteria of ocean-bottom sensors
in the future.
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Keywords: Tsunami height prediction, Gaussian Process, DONET
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Tsunami height prediction using multiple linear regression and L1 regularization
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The Dense Oceanfloor Network system for Earthquakes and Tsunamis (DONET) is constructed in the
Nankai trough for real-time earthquakes and tsunamis monitoring (Kaneda et al., 2015). DONET1 has
20 monitoring points with seismometers and ocean-bottom pressure gauges on the ocean floor. It is
important to make an accurate estimate of maximum tsunami height from monitoring data of the
DONET1, because real-time tsunami forecasting could reduce the damage of tsunami disaster.

In previous studies, Baba et al., used linear regression to model the relationship between the
maximum tsunami height and the average of maximum absolute values of the hydrostatic pressure (Baba
et al., 2013). Although the clear linear relationship has been shown in the previous work, we
consider that the prediction is more accurate by using the data observed at all the 20 points
rather than using only the average value of the sensors.

We use the data observed at all the 20 stations to make an accurate tsunami prediction by applying
multiple linear regression. Multiple linear regression provides the relationship between two or
more explanatory variables, e.g. the observed data, and a response variable, e.g. the maximum
tsunami height. Moreover, we also adopt L1 regularization. L1 regularization is widely used to
identify unnecessary input variables in regression and enables us to find useful sensory points for
the tsunami prediction.

We found that the generalization error of the predictions in this study is smaller than that of the
previous study. Furthermore, linear regression with L1 regularization provides more accurate
predictions. Using L1 regularization, we also found that almost all the sensor constructing DONET1
are necessary for making the prediction and it indicates evidence to the value of all the 20 points
DONET stations for tsunami prediction. Furthermore, we compare the linear regression with the
nonlinear regression, Gaussian Process (GP) [Igarashi et al., submitted] for the tsunami prediction
of expected tsunami scenarios. We found that the linear regression provides better prediction when
the prediction data is beyond the observed data.
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Keywords: Tsunami height prediction, Linear regression, L1 regularization, DONET
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*Tomohiro Takagawa', Takashi Tomita'
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1.Port and Airport Research Institute

R DMVIRRTH D ERRKBERE HEEREIKET—9NS5FRL, FANHVWFLSIEXBEHEET
BDFEEBBELLE. FREEBATIEFIICEDERRROXBERE, XMEEERERNSOERRENE
VFANNOYYTIIVT, BEY U TIVKRICKDEBREBKRIYZ AL -3 VICEDLK 7YY TIVERMNS
E5. BERTIEFTIVICHEVTIE, IR AEHREBE(CEDET/N\1/I—NRS A5 —ZmELLE. &
HBESJERMERREEE U CNFERICKDBEEFRAOZUUERIILZ. ZOER, 102BD6GPSERET
DERIT—S(CEDE, AoEBREIOERZKABRERE1GOBETTARETHICE, XEHEERE
B\ ET, BNHENY X0 & BEICINX 2 FRBIROBENTETH D E MRS NE.

F—O—R 1 PUVTILFE MR IEHREEE. K
Keywords: ensamble forecast, ABIC, Tsunami
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Characterized Fault Models for Probabilistic Tsunami Hazard Assessment in the Sagami
Trough

*REE B, FH BR. BE LT &) EZL BA E BA S il e’ A EFE. b

4

*Tadashi Kito', Kenji Hirata®, Hiroyuki Fujiwara?, Nobuyuki Morikawa’, Masaki Osada’, Makoto Nemoto'
, Hisanori Matuyama', YASUHIRO MURATA®, Shinichi Akiyama*

1 ICRAtERISE. 2. B ERI2 AT, 3. ERMEKTSA. 4.FHET O /YD) 1—-23 VX
1.0Y0 Corporation, 2.NIED, 3.KOKUSAI KOGYO CO., LTD, 4.CTC

B SRR EAMERTEAT C 3. RAGMARFEFHEEZEE U T. BAZEDAFENRE U THESRRINER/ \
H—RFMOMATREEN TS (FER - fi, 2013, Jpal) . FRUEEHNSEHIBIN. CNEITEHRNEE. E
BRSIICHVTHMCRREMBET ILERE L. FRCESFEGRREAVTERSE L TO/\Y — RHiiz
EhE L zo

S, HE+SIEXNRE LT, BFBERLE USER/N\Y — REHED 2 DR GRS L& SRE
LIZDT. ZOEXREFREEETTIVOBAIEBNTT Do

HERSTTE. ARSI UEVEBETIL—RREHFAH. ZOTATRANSKEFTIL— REHAA
TUW3, NERBZES(CLDIRETHMEA (2014F) T, BERIOILKTL—LETrUEVBIL—LDERT
RETIMEE EENSTAVDOMBO S IDIME | EUTHELTHED. ARETIECNICEIT SMEEZ
ERELHONUMFELTEREIIRRMBESTIL] (126€E7J)L) ELTEKS, COAFTU—I(CIFKIER
RIE (19234F) CoRERME (17035) (CHAY T IMEEFIN. EEREANEIET IME.60DMEERA L
LTWB, HENS DD TOREEREIE. REFFMMICK > THDOMEEICHITENTULDIMN. NS DEEsnii
HEDEICLDEEH/S—VICEHEBETMEET VRS (RER) (XD ITRERME (17038%F) 1 &
MTRREERME (17035 ) —KIEREERME (1923%F) J (CHYI I 2EHEMR. AeH11/359 — Y DEEERE
THREHEETIVEERLUIE. TRDERIEOREHFFZELT. FHITRDEDUEOITRDEZRFSHIES
ED30%NDHEBELHDKIARADFEFITIRDEDMHEOITARDEEZFEHESADI0%DHEHBEE HHDEBX
ITRDBERBEL. WEMETTIILERYH LUz, BRIRDEIEKIARDEAEEHICET IIBRICEREL
TRBLUIZ. EKIRDFEBAIRDEO 7 RO LL(E1:2, EE#HNAE (Ff) TRHEIT I KITRDI
NEEX(FIH0%E L. EBEHMEBEITISAA (FFdL) (C(EFERZE. PEHREBOINFRICKIRDIFEERTE L
MG RBE T IVEER Uz, CNSDETILO—ZICDOVTIE. BFE—NAKEE 7L — ~ERH
SONIEMEE L TETIMELT,

REFMAC L — L DEIHAFHCAEDSMIREDME | & UTFHBiT N TULSEIC DUV TIE. EREERE
ITENHREL Iz, AAKRTIE TERESHSHUNFELICSOVEL (928EFIL) &LT. JrVUEVE
TL— bt LEAEIC—RICERBET ILVEBETEN DL DICHRE Lz, BETEHNIHEMBETILOMNBIEEE
HEEH TR (2014%F) E2R L. KREMEDOPRICEBLLIOKIRNDIFHERE LTz,

HEE. ER LU B CERME T 7 Ve AV ERCESTEZ ZMHP T, 85N BF TCORKERK
No@BR/N\Y —RTHMAIZEEHET SFETH D, AAREIIFHERIFOMETOI T~ TERKEICHT S/
H—R - UXOFMICET BT O—RELTERLTL D,

F—D—F UERN\Y— R, SEORREET L. BE~ST

Keywords: Tsunami Hazard Assessment, Characterized fault model, Sagami Trough
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DBEICH (THIMBIRHRMRATHME O 10 ~] ([CEED<KHXREBEBOERNE T T LEFOER
Construction of Fault Model for the Japan Sea Area based on the “Off Shore Fault
evaluation Project”

KA S Tty BRL WAL M8 BEE LT

Tsuneo Ohsumi', *Kimie Norimatsu?, Hisanori Matsuyama’, Hiroyuki Fujiwara'

1. BRI 2 EARTERr. 2. I0AERT ST
1.NIED, 2.0Y0 Corporation

XERIFEANEREELDBERLEZ DERICH T IMBRHRNATME O 0 ~ CBEREP]) 1| T

&« BARBEZOEEICH FIHEBICDOVWTINEITERMINTEZZRABES LFUEFEEER —MICNEL. BIFL
FRBRICEEDVTT—IOIR-Z{ELTLK CENRTTHENTUL D, e, BEBBPITIE. T —IR—X
{ESNIZBIBD S ENTIRBEE C X B3MEERESTEIAREMAG DI ENICDOVTIE., MEEBS L TERORE
BELTHBETILVEBREL., ZNSERIEIDICEELTLS,

AHREE. COBEMEPIOY J7—vE U T, BFMERFEEE (JANSTEC) RARIEERET —SEEERL
TEEMBEBERNS. TNSEETIUET BEHDIISAI—BREFEDIL—ILbERST L. ERMBETIL
BHEOEHREEHCHE>EEDTH D,

AREICHVTEET IERMBETIVIE. BEMBPICE > CHESNIHBIBRICEE DTREITSIETIL
E MBEREFIVI &L BRAETIVESUOESHEZRLUILEETIVE MEHTETIVL] ELZ, EHETILT
& EXETILOH TERIBTET LV TR TCOESIE BRI OMEDES DM EZR L. BEiE
DEBRUEFCDODVTEERLEHBETILE LR,

HREFTINEREITDIDOXT. IITAI—IRFANAIEEYS KBARANIAEEHEEZRBLURDKLSICHE
L7z,

BB, KRS, E£A] (CDVTIE. EEKEPINEETERNSERELZ, 12U BBORI(CDULT
F. T—YOHEBEERMABVEDF18CER UEEREET D, MBELWEE] OREE. MBLIHEEEER
AT, TOFEBEUSANZ/INSAI I T+ DERNSEANICBERE T 5. [MEERA] OREG
BEENGEZ RV FHE=45°. EKE=060°. BFNHEB=90" T IERFL. MFNKEBICDOULTIIF. B
BRECREOSNIZHBORERIRD SRR E X TENAE LRI ELREN2EDDEREES CEdlz, THE
TIHRE | (CDWTIZE, SEEkEBPICH UV TBSEE L IERENIEZBETO 3DREBEETILOT—5IC
H T3 LB/ TEHROBREERES RN SNHREL. BEERNETTILO TREESEEZRELIZ. £&D
RODFED2LBEOE LIz, THIEDIE] (3. BiBOERIALE THEEDORERNSEEL. MBORT EIEBDLL
LKHRLIUTICHEDR LS U, TTRDA| OREITLRE=90°. EWE270°. AETNHE=0°. £ETF
NHE =180 LTEREL. E5DTNREERT D, [TRDE| MEFE(F. MEEBEEMOBEFKRRNE L
T. AE =5 (2001) OXRT—UVIJRIOFEEEBEVWTHKELZ, COESE. MBRIRE. thEFEH
EXBIC LD TEENEESE URMEDBEESFTAFE (LIE) | (CLHINBLDE. RAMBOBRIE
(CRTBIEZXEZRURZ, Fle. KIRDE(F. COLIEICLHEINBI T IR T DREAECEED
T OEDOHBICTEDAIRDIFEREL. BIENEREN3I0%DEE CTEITRDEDUENIRDEER
ELo HH. KIRDIFGNHRE(IKB LHEDORR(CHET BIEE L. ETOBICHRET SIBEENHED &
L7z,
CHDEOEAECTHELZERETILOIE. BARBEATIN0. 2055, BEEXEXIDEOEEHTH
155. BEBHEXIDADMEIH TG, ANETI0E L DTz,
CNSOEAETIVOEFIEDEIC LD TERET DEENTETIVIEERIERTHING0/35 -V 18D, BHETILDER
ElCHlzoTIE, MEZN. MERYIBZNT —5 DR C L DHRELCERMBET LA, ENEITEEDIM
ECRVWULTHRMEEE DN ERIIT S, BEIYZ AL —TYavVICLBIBAERHLEO>TVDS (KA - 5B
BE(Fh, 2015, HEZS) .

SEIEKTEBPITIISHE. MAEEBRICH IIERMBET LOBRICBITIDFECH D,
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Keywords: Off Shore Fault Evaluation Project, fault model, Japan Sea area
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BWINVEEARE TRAXD SR EEMETET ILEZDRE
Underestimated fault models for 'maximum-class' tsunami in the Japan Sea, resulted from
Irikura and Miyake (2001) scaling relation

*BlE #E'

*Kunihiko Shimazaki'

T.RRKZ
1.University of Tokyo

HAEEE (BEEHELFAE) O TRAISX] BROMBETIL (BRE, 2014) (&, B/)NFHETH O BiRs
NRETHSD (BIF, Jp6U, 2015) . B/NHADERRAG. AE - =BT (2001) ([CHD. CORISKIBEEN
SET—XYVEEETEITIRICAVSNEIMN. BEKRICZ<PHITSD. LEREHSIS X STEADK
BTEMETE—X Y RBNHEE LD, REAAUCKBTHRD E. BEADKEBICLLRTEADKET

Z. FFEEENNS ., HBETE—X VRO, SNOEOHHEN NS LS, BIF (IpaU, 2015) (HENEK
BEBHELTROZ_DEHITZ,

1. iBORSIPEBLE DKIE/IS XS —(F. MERERICEONDIENDTH>T. BRIICEETTIEE(E
BiED, KSFLLHEDZERZL,

2. MIBEDEZEMnEBELZBE. AE - ZEREZEF L TESNDIT (MHEE—X YV RAMBRT D ZFE(C
el B) DO, BRI (1998) A - BIBIN (1990) DFRBD/IBE LD,

KFEECTIE. 2.8 5@ LIz, IHNHE. BNEFEOEIENR. AE - ZBRERHV KB ET L THA
AEENE SHEFANTZ, BIE(C K > THIEROENEZENERI TN TULD1927FIEIME. 1930FELFEE 1
E. 193FEBEMEICDVT. BIFOKBEEOHEME (Abe, 1978; Kanamori, 1973) h5. AE - =&
BOTEANETFNDOEE RO, CNHSHESINDIEENERE L FRNHNE SHERSILIZ,. ZDIE

R. AE ZEATEEBAMED1/AUATOEEUNSBATELVWCERDM D2, BIENS. ROKD(CERT
BLENTED, BERD LEMRBRER SIS L SHEAOKE TR EIT D AMBEOHMEE—X YV ~DHERE(C(E
AE ZEBREHVBIRE TEELL,

F-O—F: TRROSX]FER. BFRE. HEA]

Keywords: ‘maximum-class’ tsunami, Japan Sea, scaling relation
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Suspension of marine sediment and materials caused by tsunami in Osaka Bay

“Hh EEB. PHE BE’

*Mitsuru Hayashi', Satoshi Nakada’

1. AR ZEARRZREHRMEMRRABERBABME L Y Y —. LB XZREGEERZHTR
1.Research Center for Inland Seas, Kobe University, 2.Graduate School of Maritime Sciences, Kobe
University

The Nankai Trough Earthquake will hit within 3@ years, and a huge tsunami will be caused. Marine
sediment will be suspended and transported by the tsunami. Not only cysts but also heavy metals are
contained in the marine sediment in the inner part of Osaka Bay. We calculated the temporal
variation of concentrations of heavy metals, nutrients and so on in the water column while a
tsunami caused by the Nankai Trough Earthquake attacks Osaka Bay, and discussed these
characteristics. When huge tsunami attacks Osaka Bay, marine sediment will be suspended and there
is possibility that the concentrations of heavy metals exceed the environmental criteria for the
seawater.

Keywords: Tsunami, Marine sediment , Suspension
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Analysis of eddy fields for the vessel evacuation from the giant tsunami

*rAE BRSE'. AR SEER R L A B

*Satoshi Nakada', Mitsuru Hayashi?, Ei-ichi Kobayashi', Shunichi Koshimura®

1. P XEEERZHAER. 2. P XZEARNZR AR EMRRNEEREREME LY S —. 3. R/ILXE
SKERFEPRATSAR

1.Graduate School of Maritime Sciences, Kobe University, 2.Research Center for Inland Seas, Kobe
University, 3.International Research Institute of Disaster Science, Tohoku University

AR & SIRIOELIRICTOSDERTVYVI ZF 1 — R8~IBEDEEN S JMERFEE TS EEEL TL)

Do BELEDER(CHEBIMAZE ERNS EDNLS(CEMITEINIEBEDORETH D, BROTEN
2w hEBZDEMBORMAREE LS, e, BBENAREL CTEEMREIBRICH L LD, ECAINREIE
[EDVTIERFHMMAMTH D, ARETIE. FERERIFICH VW TETICBRTH 3@ ARHm PRBENARET DEEE
BFCHEHLYYEYTT S0, BEPEUME SBARETEREREDER =1L -3 Vv aEERL

o RKIRBEEEBRBEHELUTHREL. BB IMEEREULCHERBRICEDVT. BEXERICIDIBODH
HEEHERICDVWTHRART,

FALZETIVGE. RERNFERELLEENS JMBET V. BRIt KZETLEZHMCTCREINLERETILTH
B, IBUMEEBMIBEFMEERIRIT B2, SBEOXRIX T+ VIFEERVTS0 nRETCRIRESEZE
KBUL, BEEAOWEABEITHTERFTETVD, HBEFILERHNELTERY=aL—Y3aVE
EfELTz, STEHRIMERERIMFEE Uc,

ARKXTEERUSEETH DRRICBREDBECEE U, WHBEICH VW THIERE N S10EEB I TICZE
R X —)1L900m~2500mMBMFEE L TULD C ERDM DTz, AISOEET—5 (2012FE981H~988H) T S5
BIUEEEMBE LICERUVENREE L TULE, BICBBEAOMEICHSVWTIEEBRMEN2/ v KB EDENFEE
LTHD. BEIAER CRHLEREHE LD, CDKLDEEUEIL. F—ROPLFREER CER(CHEL
[FUHTULE, AOETDIEEE UL TRAEDIEBMEZSTE LI 5. MERENSHBIREN S BE DX
EMEINL. F—RO5| T RERRGEERE1202B)HNSEBONIETRLPITIEOD. EELLBOBNREE
BEDEECHEE L TEROTUBCEZREL TUL . MIEEROERNSHDE. BANEMT DBS(SHE
FHEJIDEFTIHRBRILBEBADOEBR UL FNEIESHEVWC EETRIET D, HlxIE. RESXEPORE
N—=REBPROKRERM(FTILY YV H—F)DNEANBRIT & LBE. BREEREFES) v SN THBIHTE
BERELREEEEZELSIC & MERERITDLURNICER LEITNEESEV,

AAERRE, BRI=21L—3a VOBEPBEAOEFEO—MFIE LT, CNITRIHETH o ITBREIC K
SRNEEFEBRBERRICTHMISICENEEYEREL THED. EXERERRICH(TIEMBAEEN
EITDHICERETH D, AARTIL—TTIE. BREICHFOWTEELUSDIERBEE RV VI\T—RERE
L. 7BHBEINECEHEHERERBICEEREHEELTUVD, SEIEHSPIERVY VN\Y—REEBEA
BEE L TUOK EHICFBRENTRFERICEEEHI DIUENRH DTS D,

:‘:_U_H . ﬂﬁ}ﬁ:\ ;E]\ rﬂiﬁl\ajm%
Keywords: Vessel Evacuation, Eddy, the Nankai Trough Earthquake
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ZEXRIANBFETIICLBIRY TBLOSREKCET SHUEERR
Numerical experiments on the meteorological tsunami over the East China Sea

*HR 2B Rk K
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1. LETEXRFREBZEHMIKBEZR. 2. AETEXFAZRIZRARRBREFER
1.Department of Global Environmental Studies, Hiroshima Institute of Technology, 2.Graduate School
of Science and Technology, Hiroshima Institute of Technology

[FREK (meteorological tsunami) & (F. WEFEREREBEOARREZR DBFREO—ETHD. BESE
PRRLEEDKFENNCEI>THRET D, WNAFETIE. IFEROERICEIDIENDERSNZI2REINM L
DEZEISHURIRBAEAHEIINTUD, AAETIE. B TBEIIT—ILHS. FWNAFEDOF/IGRIED
AEIT—ILE TCORKEBRDGREIBREEDFHZASNCIDCEEZBNELT, ZEXRINESEFES
WICKBDEBERBRZEITO T,

BETETIVE. YUY~V KZEFEDPIM(2008FER) EEARETILE LT, FERXRIANMESEZTOTS L%E
BREURZ, BEE0EEE FEBOAEEE FEEOERNS DIERHCIE U THEMERNCESERLd
BB ET, IOV RT—IMbERBICITTZDLD(C LTz,

SHOBEERETIE. AT 2EBEOKERD/INF—VICHFTTEHEET . KEXT—IL300kn, EOKE
REPaDE—DRERENFEAERITEEL. RYTHBELEERIT S/ —VICDULWTEHEET>R, BY
B LEE3N/SHIE TRET DRERDETHAATIHURNREL.. JUNEFHOFIB NS JE @R Y BERIOR
Bz LT, [SIERICNU T30~503BELTLU TAFEICEET S, RIBETORIREIOFRE(CEALTIE. A
EIEICLZTOvFVINEEEZ(FIC< <. H'D. BOCEREEZESNEZFABICREEVEREIEARAAN
DETEICREBRELPLP TV, EIRBICHLT. BROSITROITZ VI EEOKEREDEEORL T(F
RO =ZVINREHL. RATEIRIE. ImDEIRENNE U SBRNBSNI,

2DED/INI—2E LT, KEXT—IU 30km~100kmBIED/IRIEL [ER & 3~ 200K 0 EHGH (CFE L

T. WNAFCEEZET BHBENEEETolc. EERITIEI.22ERIB° ORI ELE L. EOKERED
RAfEZ2.0hPa. 00 EETCRERERESE, BELZEBEETIEILOICAXNDSEREBETE . £
RIE30cmA EDRFEEANMFARICEREL. [IERNNREZEX D E100kn EBENTZISFEER L IBS(C
THEZIRENENINSD, T, INEELBERNICEAT D E. [EROBROIRE K D EEDEEIRERE
HADEKEOIRSNERSIN. [IEREZEEHERECODIZ > TRENMEHRI S EMRBESHEE DT,

F—OU—R QPR RITH. [IER FEIINBFETIL. HIB

Keywords: Meteorological tsunami, East China Sea, pressure wave, multi-nested ocean model,
resonance
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BRERMBER—ILOSHE T SVHERS
Initial tsunami height estimated by observing tsunami ionospheric hole

*BE K B L\ &8 R 28 3%
*Yuto Tomida', Masashi Kamogawa', Tatsuya Kanaya', Atsushi Toyoda’

1. RREZZAXZHEZEYNEZR. 2. PEBE DRI ERMBARERNTRF N R
1.Department of Physics, Tokyo Gakugei University, 2.Nuclear Safety Research and Development
Center, Chubu Electric Power Co., Omaezaki, Japan .

WES LOFERICK > TARPICERNMREIN. ZOERESNIDHNI TERHRBOEE00kn(CEEL. KE
U CEMBARAZEMLCKI S EMISNTUSD, CDEENFGPS(Global Positioning System)EDRINIELE & 5F
(EMSREI T OIBEFE(Total Electron Content: TEQ)ERBITHRI T S EMTE D, 2011FDHIGHS K FHH
HE(MI.0) TIE. BEHEERDFFELOERHE(CHVTTE(EFHBED . ZDFELOEFEFIE00kmDEEE
TRERERE (FREDTECOKRTIELHD N RREAER SN, ERERRE R — L& B (F 5N /z[Kakinami and
Kamogawa et al., 2012], AR TIEFAAS KUF U DERIMEOVEENS & ENEBHBER—ILICH(TDIE
ENBEEREETRL. 10~2008 CUHEERESZERBEND C E(CLBEREHEFRDOAIEMERT,

F—O—1 EBEES—IL. MEmE R

Keywords: Ionospheric hole , Inland earthquake, Tsunami
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MINLBFEF(CH (T BEFEEMERERE (1946) RUFUMERK (1960) OFEKSHRIMMFAE
Heights of the Tsunamis of the 1946 Showa-Nankai and the 1960 Chilean Earthquakes on the
West Coast of Wakayama Pref.

KB B #E =5, MR B (aE #E. B8 E. SN B’

*Takashi Yanuma', Yoshinobu Tsuji’, Hiroshi Kadota', Masami Sato’, Yayoi Haga®, Fumihiko Imamura’

1. RINER/ AR D0 2 RAMEMRER. 3. RIEKXFKERZERRATAT
1.PASCO Corporation, 2.Fukada Geolog. Inst., 3.IRIDeS, Tohoku Univ.

FUMERR (1960) (FILEE~HRBICESLEOXFEFAFRSHICSVTERASTNIZ, AMILEARFEICH
TERERMRASNTHE D, BIFRAEICDOV T, MILET S HAIURTELRENMTNDNTULSH. MR
WRARE (LM~ 8AH) TR JESERNABRSN TS, FUMMERRK (1960) (CDUVTIE. KR
ROMIMLFFENEESE. mAREEIC. MIMLBAERECS (TSI ERRKDEENS D, MIMLEARICH(TSF
UK DRGSR E/IIZHC. CNSEROAEREEIT O,

SEIOFETIE. FUMERK (1960) WA THEMAICHIURCKEIERKEE RI(F U BNIREhERK
(1946) [CDVWTEREET oL, BNFEEMERRK (1946) TEERDRMFAFENESINTUSIH. T
MR (FIERESNILEREL. 1948) CO\DNEAH D, AEERICH (TS ERBAKDIKRE
FHRCRUERYSERORE - ZFRONSDHEMEHINTLZIEOND. AEREF TETONTUL

Ve £DT. TERIREFHLRNE] ORARNAOENSEENDUEZEIDH L TCUEREETL. FILEER
ERRERL, e, AEFECHE T, FUMERR (1960) ARREN O ICRERNEEMERK (1946) 48R
ENBEELTOB CEICEH. CNSBRRBOKRESTRILT BEHIC. BAFEBOERICHITHIETED
AEEWITLUTITOlZ. TORR. RALMARKFHF AR (2011) OREBKRICOVWTERBETMD =T

L BIMEIRARECTESEDICOVTIHAERETET O,

AEF2015F1814BN 5168 (I TIT o, FUMEEK (1960) (CDVTIE. MBLTERE /HT
2.7m, EEMELNER T 4n, SZEEMWRIRT2.2n0 )R - FF 2 )T 2n. ARAEXT

1.7m M TETIIEIT2.5m, fSERBEIME T4, 2n. BREHAARIC2.on& WL\ SRIMGEREFITICH/DIC L
NTEle, BINEEHERR (1946) (CDUVTIET.6m~8.omDERENFSN. KICIRMTHISICLIDEER
HIERATT.8m FRAHIZIS I DEMTE. InDBEBRE NG SNIZ, EHHEOHESFCE. BRREEhEEK
(1946) DEFMICHE TEXMERK(1707) DEIMEF/ SN, 3.0mDERENAESI N,

RAGHA R FithERER (2011) (CEALTE. BAEWOAETIE. BAINLEH 2/2H\ BEOEENRRS
NIEREOMRMNZH o zh BARIRTEEROB LN SN, BREI2.mNAETE R, B5NEM
ReMNICEEND,

RHREF. FFORBTHSDRFTEE [TH26FE [RTFOMEREHETRERTEE CERRINT —IR—-X
DEEL) (KR F/IEKZ - SHXE) | ORRO—BEEDFTEHZENDTH S,

F—OU—F FUMEERK (1960) . BANESEHEMERR (1946) . MIILER. BFEFE

Keywords: the 1960 Chilean tsunami, the 1946 Showa-Nankai earthquake tsunami, Wakayama Prefecture,
Kii Peninsula
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BB ERNAES 20165 XS
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BRIF12H168 (1605 113) BERHHECLSEMHFETOERST NN
Height Distribution of the Tsunami of the South Kanto Earthquake of February 3rd, 1605

*#37 B
*Yoshinobu Tsuji'

1. NTRIAREE AN RH M E A FE R
1.Fukada Geolog. Inst.

EBERIFENAHDER, ANOESBEHCREETLHMECLDIERE, BHREENSHE - BREICEDBEEIC
ARELEEEERZS L. COMERUELE, BEH, mEPCBETIEXMELHBRIN, HSU\(IRER
SEREHROBNE 2ERICEUCZ 2B BBEINZ CEEHh >, UM, COMEICKDER
(&, PEOME, HEOD—EHE, \XE, SLUBBREETHRICKENDEZEHCSBEIND CEICF—E
Hofe. ULHLU, COMENBERAICREIBCTERRCTH >EC L, A - hEfitA (CHEDENIC L DHEEIDRN
ELEVNCE, BEA, H30VEBFEHEEDEF CHALAT/LRRDOREE NI BRNHAETREEZD
ZUTEEAEEM D EC LR, COMENREBME, H30VIEEEHETHDEVDRBICIIXRIUTRHE
"WAME3EDNDTH . COLSICEBODINDIERNFOMERICT LU THRES (2013)(F, Z DMEHVI
SEEEOD L —MMERICEUREAMETIEONE VWSERERHFERREL, COMENSEH, SLUE
BHCERNEVETIVCI > TERMDERESAMESAL DD EERLE. COMEMN, BHHEEICK
FILEEFEEE TS5 UIZCEE, TEMRRBIELSE) LEDEDYINZRICEHEADDICEMISNTULE. £
CICIF TEKIELE, PR, HE. . . 1 [CAFBINET, BRICEKUIZMEOCEZRMATINTL
3. COXEDXKRIC T (TAR) TE+ATFAE] £HDM, BEAREZTEIND S E(C10HFRONEMNE
EFLZES5 UL, BADERICRDIERRFI[ANAAMTHD. COFBRSHERAEZYICUHZITNTULELN EH
5, XELEUTEEEENEDEHLINTETLNEPUEBLVWCETH 2. ULHLERS, EES(IH
KNI O—DOTHBIW/IITRE (HFD5, [BFI) OBEBIFOCEERBERNS, COFDMFHE(CH
E - FREOFELAUVVRMESEAS D ENHFMSBTEZT, ZORBHERAB L. TOBRE, COFTREILE
NeRllzC e, TSREDAGRERTARIN, BICMHEOHP CREINCEEINEZ, COFDRELR
EIRIIT B ENEEE (FEES, 2005) . CNICK>T TREAELE) OIBNERME Lo T EHRRLIER
ERESzCEEE >z, UNULERS, CORIYURCDAEDILMRARESINTUVEBIARAARET, 1E
BILERRKEERET D L FTIIHFREMN D2, FFE, REHERN S, FOBMOEDZ(TOVWET T DE
RIS IRRAMBIOERAFIZICE DM > e L DihERE RS, £EET >Z<AFICHAE, BRI ERM
EcECLrEE, BERERYK, AFOAREFEICSERUMEICHD, ZIICH2ERBMRERICHRRL
CEDEIEESRE. BEBEOBICABABHNINTUVCEENESEAELRECS, T TOREEKS
SF17.3mTHBICENYBELE. CORBOR, £EH(E, FEEENAG DT EERINSIBERAFEIS 7RO
S5(C, EBFDFEENS, ZLTOREDRKSSORIMENEETETIIHEAASE D ECRMVLE. FIXE
KIER (PTLE, BUIHTARRFXRIER) [IEEESHESHO—DOTH M, KIEFOREHEDA D
D—iFERERBRAOEBHNERZ L, £EC—HEBURENRIOEROEBHDES (I TICT.InTH D, Z
CHS—RISBEFRTRICTD3MEE L TULS. LW2(FD, BRICK D TREDEIERAINET S (C(FEU
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ERYBET S, UEDCENS, BERNEMEDEROEHREETHDEKES (DTR) O8mHRE L TK?2
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ABRE - RESH, 2013, 1605 (BRN) FFRE/\ERBEEXMEC1614 (BR+N) FigE~>TiH
%tu5ﬁ¥ﬁﬁ WEFZMEKRR, 108

FERI— - BREE - 1786E—, 2005, ERNFEF"A+7H(1605.2.3) DRROBEHICH (T BWEDR
i, FESEIhEE, 2@, 133-144,

HAME— - TBE— - UNREEA, 2009, RRESEHOBR, TARFRFMIEL, 65(4), 320-331.

F—U—F  BREERNERK(1605). BE¥E. FhoiR
Keywords: The 1605 Keicho south Kanto Earthquake-Tsunami, Boso peninsula, old documents kept in a
temple
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FEEIFHOENELRRICE D 1T3ETRERMERRDBRETIVLICET SER
Modeling of the 1703 Genroku Kanto earthquake tsunami based on historical documents in
Choshi City, Chiba prefecture

HiE WA B R, % A0, $K Es)

*Hideaki Yanagisawa', Yoshifumi Takamori?, Kazuhisa Goto®, Kaito Suzuki'
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1.Department of regional Management, Faculty of Liberal Arts, Tohoku Gakuin University, 2.Choshi
Municipal Choshi High School, 3. International Research Institute of Disaster Science, Tohoku
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TORR7NE(1703) (CBIERIN S & 88 o I TTARBARME TS, MEDHLS FERILERI(C K > TERIHENF
EUR, TTRERMEOKEL. E(CEOHREINENSD1YN—J 3 VERICEDEESINSIBEHS
Lo EIEL. BERSTRVOHEGEEREITIWBICHSV T, EOHREBEICH T SREFNST . i
REHMENSKHIBEREIT D EER#ELD, TD2SH. BMESSTAVICH ITIMBEHRET B(CE. 2
BRIMEDEHRERMEBE LD, UNUENRS, FERREDOTAERMEZRICET SRMT —5 (3L +
DIFBWABOTUNBERF>EREV e ECTAMETE., BERERESICZET SFERIFHICEEL. T
FREFETONTOVELVHFRDEXEN SRR EHET S, TRERMERRE DR U IZkFh
DEXEELTE. © THPXRE ZA&E &5 O BERMRIRENAR (EWITEXE) | . THEEN
HEiRE LT, @ NERMHENE] "D, cNSOERICEDITERREMSZRAEL /R, FBIHT.P.
5.9 m (FEEC) . /JHT.P.11.7m (BEEA) . RIGT.P. 7.7 m ({EFEC) . HJIIT.P. 10.8 m ({SFEE
C) . RBAT.P. 4.8 m (SEEC) &L ofz, BIEMRTIE. BFHDERKS(30.9 m~4.0m (FRILKFEEIR
A —HNR—=X) EEHESNTUVEN FHFEENSEXNLERMNBFHICERL TL e EMBESHE
Eoft, RIC. HFHICHIITZIERRMBERMGE L. TRERMERBROBRET ILOREET S, T
EREADNEEC. BIFETIL (N, 2013; 785, 2011; {15, 2008 (REAB()) DERHEIET
BN, ZO/R. BMEET IV TR TRERMBZELTVWC ERDD D2, BFMHICH(TSRE
RE(CHRCEETIHEIL. HENS TAVOHEDRETHSCEh S, Ta5Q0M)DETILER—X
[C. RS TAVDKBET (50 km~) ZXKE ULTLOBR. BIBRINI20 km& L >z, BF
MONMBBISERAEZET S CENDN DR, COBRED. TTRERMETIE. BRSNS TALDHET20
kmi2E X TR OBIRDET L TUVERIBEMENNRIES Nic, SE&(E. MO0 EXESHREREL. LDF
HLHTE €T L ERE L COKBENRD B,

FoD— R TRERBERR. SXE. BEYZ1L—YaY. KETSIL. FEERTH

Keywords: The Genroku Kanto earthquake tsunami, Historical document, Numerical simulation, Fault
model, Choshi city, Chiba prefecture
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AFEFCEHATN S EREIOK COREKEDRE-2011FERILERK
Identification of dominant phases as reflected waves in tsunami observed on Pacific
Ocean-Application to the 2011 Tohoku Tsunami

PR FRAR'. FOER IEE’. M 2’
*Kuniaki Abe', Masami Okada’, Yutaka Hayashi’

1.7& L. 2.5
T.none, 2.MRI

(FE) 201MNERILPBRORHALIRT. BELERFABRH SIEHRRER CETEREETEHT. RERDER
ARBEFANTU D, ZORBR. FURFROBAADEH. 17« 7V IBTERRARELDZAS/INTIRE
BORFKR. RUO2EIRFKE (ZVvRDI - HA NAXTY - N\D, FU - XF23T) BRERINTLS
CELERASHCHE D, REBRDEZEE LDFMICERU BH(CF. REKDKMFEZEL, KF(CHUK
HKEORKRICEEIDEHEBETHI I CEMDHN D TE e, RENKE L TERAT NS KIRIBDK () (. ¥
BTEEL. TOEROTEELIMURNRSE - CHELEZEDEEXSNS, T CREHAAFETRAINITRE
TORFRE L. ZOREERURDREERB(ICILU T, YEHNSEXRI TORERRIRMEICHTIT. &
BEOE—0 ORAE RKEOHEFARKL & LT, SRAISTNBERANZE TN TORENS DRFFEETIGEE T
FATBCEEHB D, (15F) RET BIRFRR. RERDERDKRDSIMEREEDDHEV, BERS
KIE 2RREHEE UTRSBARERE . 218TH D, EALREMRESNRTH D, REIKIIREFHERE
DIRHER CRSNIZHEN SERAKREI TOKUEETH D, IERIIRFKDFAZEEVBERARD 2 BRIEIE
(FTH oM SEIFRUROFEEREICIT U T-4RECDT. ENENICHIGT BSREREZEXCCETH
B BREORFKICOVWTEREZEXRY. HATHESNSIBRROBAUBDERE—HIBIENERL. C
NEFATNZRHRETZIENDTH D, BEORFENZET IHEEHETSRARTERAC CC&T
VW HBICERZEBRZIT ENERFIRET S, (ER) COBERE0NMFRIGEBRORHAERICERLZ, I
NTOEERFHACH U TRESRERELIZDOIIEARDMS. MEEESTFLDMR. NLASTVES
TCEILT7 XV NDMRTH D, REEROML[DERCREBERFELIZENDT. FREFORICH(THBX
KU E ZDERELODERFBERULEEDTH D, CNERBDEFEALEITRTOBAKAMUIICHL T, 28
ERFHAD S DREFIEMNTIGL TUBCERDNB, K1 T REFROERE U THRE LT REHAILT0(E
T RRREEITZ XU DDOXF2 IS FYUCNITOBRE. YTP7EVEST/N\DBEINDBRIEETH

Bo MLV AU NTHELVZRATEAF Y IFTEF VL ER—OREHEN S DEEIC O R SR DME H\HE
BINB, CNIIRFKE 4 BRE(CHMELTZC E THAIAREICEDTZCETH Do 15RTEATSBEDRF N
BEINT. EART—HOEREZ RI EROEDRERZE(Z0.52BETH S, BH. 4REICXIB T, #
OEHEML. BRSEREMET CET. DFULLWRFROEGEHE TS CL(CE oz, BEI SR TH
Y(CROHTEEVKETRET RMAEURFEERODKE UTHANINS C EERBRICEHL TS CED
AHTHSD. CNS—ENFBRIE. REENAKIRBORDOEZETHREL. LD L. BHRNICART IHES
IREFIREEBFANCEDHEINTVBSCEEDNSD, BARTEHASTNS RERITRRICER T BHBEDREHE
NERFASTNEEEDMRZNCENS, REIEMRAISNS ICTBERMNSHHETINS TRILF—DXEVERAIC
REHEDRH DS CENEBTHICEETL TV, FREFEAEDBRKUNRFIR CTHATES L. £
BREFROEE U EREHAR TR C D TLB e &ETREL TULI B,

F—U—F D201MRIGER. WHER. KFF REK. RERFHE,

Keywords: 2011Tohoku Tsunami , Tide gauge records, Pacific Ocean, Reflected Waves, Reflectors
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fAEMHIE USRI 1 /N —2 3 V(C L 20064 - 2007 FEFEIIEHFHEDIND DA
Slip Distribution of the November 2006 and January 2007 Kuril Earthquakes from Inversion
of Phase-corrected Tsunami Waveforms

B B8 A B \E ®RE. MR @8 B L’

Toshiki Doyama', Satoshi Kusumoto', Shingo Watada', *Kenji Satake', Yushiro Fujii’

1 RRAFAMEMAFRPA. 2. EAERREAN R
1.Earthquake Research Institute, The University of Tokyo, 2.Building Research Institute

Along the Kuril-Kamchatka trench, two Mw 8-class earthquakes occurred at a two-month interval: an
intraplate underthrust earthquake in November 2006 (Mw 8.3, the Global Centroid-Moment-Tensor (CMT)
Project) and an outer-rise normal fault earthquake in January 2007 (Mw 8.1, the Global CMT
Project). Tsunamis generated by the two earthquakes were recorded at far-field observation stations
in Hawaii (e.g. Hilo) and the west coast of the United States (e.g. Crescent City) as well as in
and near Japan and Russia.

We usually forecast and invert tsunami waveforms by assuming the linear long waves. However, we
could not use far-field tsunami waveforms for inversion because simulated tsunamis arrive earlier
than observed ones, and the initial phases of simulated and observed ones show the reverse polarity
at far-field stations. Recently, Watada et al. (2014) completely explained the observed tsunami
delay and developed a model to correct the initial phases of synthetic waveforms. In this study, we
estimated the fault slip distribution of the two earthquakes from tsunami waveform inversion using
the tsunami phase correction method (Watada et al., 2014).

The slip distribution of the November 2006 Kuril earthquake estimated by using phase-corrected
tsunami waveforms indicates that a main rupture area is located in the shallower side, which is
different from the slip distribution estimated by using uncorrected tsunami waveforms (e.g. Fujii
and Satake, 2008), where the deeper side has a large slip amount, and agrees well with the
inversion results of previous studies estimated from teleseismic body waves (e.g. Lay et al.,
2009). For the January 2007 Kuril earthquake, the location of a main rupture area estimated by
using phase-corrected tsunami waveforms also approximately coincides with the inversion results of
previous studies estimated from teleseismic body waves. At far-field observation stations as well
as at near-field observation stations, the phase-corrected synthetic waveforms agree very well with
the observed waveforms. Furthermore, by using phase-corrected tsunami waveforms for inversion, the
seismic moment and moment magnitude become larger and closer to the Global CMT solution and
previous inversion results estimated from teleseismic body waves. Therefore, through the tsunami
phase correction method, far-field tsunami waveforms can be used for the inversion for the slip
distribution estimation.

F—O—R ! FRISHME. T8 DLFvVYAEE WEIRNDDA. BEEETYN—J3a >y, BRI
HEFEIEE. E=HEER
Keywords: Kuril earthquakes, Kuril-Kamchatka trench, Fault slip distribution, Tsunami waveform
inversion, Tsunami phase correction method, Far-field observation stations
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2015 REFEKME | BIEKESTT L —(C K BIEERMTOEKE
2015 Torishima tsunami earthquake: Tsunami observation at short distances by an array of
ocean bottom pressure gauges

“RRE RX\ EF BF. FF% B BR ®. ZRA B 88 kB & s
*Yoshio Fukao', Hiroko Sugioka’, Aki Ito’, Hajime Shiobara’, Osamu Sandanbata®, Shingo Watada®, Kenji
Satake’

1. MBS FRARMEE. 2 IB2/MAXE. 3. MEORS/ B RRAEERE. 4. B/ mERKE
1.CEAT/JAMSTEC, 2.Science/Kobe Univ., 3.D-EARTH/JAMSTEC, 4.ERI/Univ. Tokyo

The 2015 May 02 Torishima earthquake generated tsunamis with heights as large as 60 cm at Hachijo
Island, 180km to the north of the epicenter, yet the seismic magnitude was only 5.7 and there was
no report of seismic intensity of 1 or more. The earthquake can be regarded as a tsunami
earthquake. The epicenter is located closely near the Smith Caldera and the focal mechanism is of
CLVD-type. The seismic and tsunami waves were recorded by our pressure gauge array deployed at the
bottom of the open sea about 100km to the NNE from the epicenter. Here we report the results of our
observation.

(1)The array consists of 10 ocean bottom pressure gauges using ParoScientific quartz resonators
which can measure absolute water pressure at 7000m depth with nano-resolution. The array configures
equilateral triangles with minimum and maximum lengths of 1@ and 3@0km, which was in operation for a
year from May 2014 to May 2015. Sampling rate was set at 4Hz, with which the response to pressure
disturbance is almost flat below 0.2Hz.

(2)The tsunami trace at each site starts with positive onset (pressure increase) and reaches a
maximum amplitude of about 200Pa (=2cm in tsunami height). Records of ordinary thrust earthquakes
with similar magnitudes at similar epicentral distances show comparative amplitudes of seismic
waves but no visible tsunamis (Fig.1).

(3)Tsunami slowness vector is measured under the plane wave approximation. The measured slowness
varies as a function of frequency in a consistent way with the linear dispersion theory. The
slowness vector orientation deviates clearly from the great circle path and changes slowly as a
function of frequency as expected from the frequency-dependent ray tracing (Sandanbata et al.,
2016, JpGU). This ray tracing also demonstrates strong ray focusing towards Hachijo Island and no
such focusing towards the array, explaining qualitatively the marked contrast in tsunami height
between the array (~2cm) and Hachijo Island (~6@cm).

(4)The tsunami spectrum at each station shows consistently a broad peak around 3.5mHz and sharp
double peaks around 8mHz. We interpret the first broad peak as due to the primary tsunami source
associated with seafloor uplifting and the sharp double peaks as due to wave resonance inside the
Smith Caldera.

F—U—F ERNE, BRER. KEE

Keywords: tsunami earthquake, tsunami observation, water pressure gauge
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A: 2015 Tsunami earthquake B: 2015 Near-trench thrust earthquake
M5.7 Depth 12km M5.6 Depth 18km
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2 01 SEREERME : DEMEZE ZR U ITEBIED

2015 Torishima tsunami earthquake: Ray tracing analysis of dispersive tsunami wave
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*Osamu Sandanbata', Shingo Watada', Kenji Satake', Yoshio Fukao?, Hiroko Sugioka®, Aki Ito’, Hajime
Shiobara'
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1.Earthquake Research Institute, the University of Tokyo, 2.Japan Agency for Marine-Earth Science
Technology, 3.Department of Planetology, Kobe University

201 558 2HICREDEBCTRELRM.TOMEE, ERNSHKT 00 kmItAONAXLETIF60cm
DFEFENERINDIEE, HMEOHRBENSBESIN LD EXRSTEERES TR Uz NERME] THo I
EEX3. Global (NMTERDERIZ, FE - IWEEREBSA>TENLUATHDIEESFNILT SHADOM T RIRIC
EFTOTCLD. COMBTIEIRE  ERXANZILOE|UHEN, 19844, 19964, 200 6%F(c
BTN, ERICERERESTETUS (Satake and Gusman, 2015, SS1) . 1 9 8 4 FEMME(CEAL

T, Satake and Kanamori (1991, JGR) (FRBAMZERVEERGE =1L —23a VLD, HEDREED
ERERETIVERRELUE. BREANZILEMTREBTVYIVEACHESKERR (Kanamori et al.,
1993) X°, NILTSDERIRKTE (Ekstrom, 1994, EPSL) DALSEENCAESCLVDEDIMEET ILAHEE TN TL)
3.
201 5FOEBEBMEICKDERE, BFAERAEEENFZELT1 ODBEKESANSHKIERART L —IC
KO TEAISNE. KEET7 L —COBRKENR, KROEEFEARBARFE EEDIPEIRE U TOR#
ZRUTHD, BIUEREORRAANEIREEREBSARNS, BEEOEKAEIFEAXETIANDS
EVSHELERNESRINZ CREIED, AXR) .

AHAERTE, BREDBMOREERE UTRY, BEECEDMERES KU I RILF—FKROBFIFEHR
EHEo. T, BEENROERREFEBELLEKET—IZRAVNT, SRR TOZRITMBRE

1% - BREBEREAECKDBRNICETE L. (ERE - BREOMEREZZRAVSCET, BRECE
DAMERES KO I RILF—FROGEREORBENTEECESD. LT, KALOMERREKDKIESE
I, (Sobel and Seggern, 1978, BSSA; Jobert and Jobert, 1983, GRL/LE) LREIRLARERIC DUV THIERED
Z1TV), BEZFNILTSERRE T IZRARBOEIREEBIRL .

FEIREICHE T SRIREMDBR, BEKOKRIFIEKFDEEZZ(TTRENKE NI HRFHNERIN
fz. 8, BRMNSIEEAF T USEIENILRIICKE<ERD, BAREMBEVZE REDETAANREILT S
ERRRSNE. CORBRIE, KEETT7 L —ICAH T BIUEREOERAANEREICKEZL TELIT DL
SERRREFANNTH S, e, RREMCEDC IRILT KR (BHRE) ORZERME, KEET

L —DBEEBEICH FTIRROBARBOEZERB(CLS—BUEZ. &5, ABREECLSTRENILA
ATRENERT SRFRERINE. COBREE, LRAIOLVLWARICHAE S NIEEAMEZLIC LB ERED
BICKDIRILF—RERTEICET, \XETORBARES L OEHEMERELTUS.
AFECKBERBUMTZTT DFEIREMICEKD, REELNK BRI DRARPDKERZ (T THELS, FEIR
[CXDEHRE UTEET 3RRAKRDKICDOVWTERKRICKEZENL, FRIGEOREHE LDFFEI TIER
BCENTES. HIRIE, BEREHEC EDEROGERE LORFBENIENEEICER 2EEEERT S
£, BRARODBHREZEZEST IRV —RROIEREEZ, PEVGTEETHEI D EMNAEICES.

F—U—F R OREHR. REIME. 2EL ANLEHE

Keywords: tsunami, dispersion, tsunami earthquake, ray tracing, volcanic earthquake
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GPSERETT — I CEAFEEREY VT T REMBOUR
An improvement of the antenna installation mechanism for satellite communication of the
GPS tsunami meter
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HiGt A K FEEIMERRICH VT, EEHCHREINTUZPSERET (AXRETTI7X) (FHE1RDOESE
6. 7mERTURCE, RENBREZ. CNE, BEICLDTVI—X v MBOTHOES, BELREENS
H—N—FTCOBNT—IEERTETLENODEZHTHSD. CNICHL T, EMiEABREE (ET1S-VI) (X 5E
ERENEMHEERBRNICHEIRLCEL.

ERET D (CEBEURENMEAITZIBNEN YT U ERKBEBINSHIGIND. CDfeth, BEISZIrL
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