HDS16-01 JpGU-AGU Joint Meeting 2017

S-net7OY ¥ b BREMEZREAN AT ALIZDWT
S-net project: Deployment and its seismic and tsunami observation
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Seafloor Observation Network for Earthquakes and Tsunamis along the Japan Trench (S-net) has 150
real-time monitoring observatories that cover the area about 1000km x 300 km from off-Hokkaido to
off-Kanto. It is expected that early tsunami and earthquake warnings and earthquake researches will be
enhanced. S-net consists of six segment networks of about 25 observatories and 800 km fiber optic cable
(1,500 km fiber optic cable for the Japan Trench outer rise segment network). Each observatory has four
sets of three-component seismometers for earthquake observation and two sets of pressure gauge for
tsunami observation. Fiber-optic cable connects to landing station, and the data is transmitted from
landing station to the data center via IP-VPN network.

S-net project has started in 2011. We have already finished deployment of all of the observatories and
fiber-optic cables in 2016. Observatories and cables are installed by cable ship which conducts laying
and installation of submarine fiber optic communication cables. We carried out installation by C/S Subaru
(9,557 ton), C/S KDDI Pacific Link (7,960 ton), and C/S SEGERO (8,323 ton). In order to avoid influence
of with fishery activity (for example, the trawling with using otter board), we buried the cables and
observatories one meter or deeper below the seabed in the sea area where water depth is shallower than
1,500 meters using the plough and/or ROV (Remotely Operated Vehicle).

We have also constructed five landing stations; Minamiboso station in Minamiboso City, Chiba Pref.,
Kashima station in Kashima City, Ibaraki Pref., Watari station in Watari Town, Miyagi Pref., Miyako station
in Miyako City, lwate Pref., and Hachinohe station in Hachinohe City, Aomori Pref.. The Watari station is
located on the third floor of reinforced concrete building, and other stations are container-type data
centers. The S-net (except outer-rise segment) started to operate in May 2016, and the pressure gauge
and accelerometer data have been transmit to Japan Metrological Agency (JMA) for monitoring purpose.
The S-net detected many earthquakes. S-net also observed tsunamis like with the earthquake of the
November 22, 2016 off Fukushuma (M7.4).
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Offshore tsunami observation array suitable for Coastal tsunami
prediction using multiple linear regression with L1 regularization
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Integrated Probabilistic Tsunami Hazard Assessment contributed from
possible tsunami sources along Nankai Trough, Sagami Trough, and
Japan Trench
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Last years, we presented regional Probabilistic Tsunami Hazard Assessments (PTHAs) for three coastal
zones along Nankai Trough, Sagami Trough, and Japan Trench (Hirata et al., 2014, 2015, AGU; Hirata et
al.,, 2016, SSJ). In three PTHAs, our procedures are follows; (i) we consider all possible earthquakes in the
future, including those that Earthquake Research Committee (ERC), the Headquarters for Earthquake
Research Promotion (HERP) of Japanese Government already assessed. (ii) We construct a set of
Characterized Earthquake Fault Models (CEFMs), for all the possible earthquakes(Toyama et al., 2014,
2015, JpGU; Kito et al., 2016, JpGU). (iii) For all the CEFMs, we compute tsunamis by solving a nonlinear
long wave equation, using FDM, including runup calculation, over a nesting grid system with a minimum
grid size of 50 meters.(Saito et al., 2014, 2015, JpGU; Takayama et al., 2017, JpGU) (iv) Finally, we gather
excess probabilities for variable tsunami heights, calculated from all the CEFMs, at every observation
point along the coastal zone to get PTHA. We incorporated aleatory uncertainties inherent in tsunami
simulation and earthquake fault slip heterogeneity in the integration process(Korenaga et al., 2014, JpGU;
Abe et al., 2014, JpGU).

In this study, we integrate three of the regional PTHAs calculated from all possible earthquakes along
Nankai Trough, Sagami Trough, and Japan Trench to get a nationwide PTHA. We will make two kind of the
probabilistic tsunami hazard maps ; one is “Present-time hazard map” under an assumption that
earthquake occurrence basically follows a renewal process based on BPT (Brownian Passage Time)
distribution. The otheris “Long-time averaged hazard map” under an assumption that earthquake
occurrence follows a stationary Poisson process. The former is based on long-term assessments for the
forthcoming large earthquakes in three subduction-zones. So it offers a probabilistic tsunami hazard map
that naturally corresponds to a set of the long-term assessments of the forthcoming earthquakes, for three
subduction-zones above, published by ERC/HERP. On the other hand, the latter is effective for us to make
social/infrastructural preparations over hundreds year long.

A Present-time hazard map, showing the probability that the tsunami height will exceed 3 meters at
coastal points in next 30 years (starting at 1st January, 2016), suggests high possibility over 60% in
several coastal zones along the southern coasts of Shikoku to Tokai region, perhaps due to contribution
from the next Nankai earthquake. Since the occurrence probability for the next 30 years, starting from
2013/01/01, is assessed 60% to 70% by ERC, this high possibility of 60% means that almost all the
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tsunami heights in the several coastal zones will tend to be greater than 3 meters. However, a long-time
averaged hazard map, showing the probability that the tsunami height will exceed 3 meters at coastal
points in next 30 years, suggests a not-so high possibility less than 20-30% for coastal zones along the
Pacific coast. This is because long-time averaged hazard maps do not present an impending danger but
do give a long-term perspective over hundreds to thousands years.

F—7— R EERPGERANY — NFE, R BR. BmEBENST. BRNS T, BRBE
Keywords: probabilistic tsunami hazard assessment, probability, tsunami, Nankai Trough, Sagami Trough,
Japan Trench
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Examination of tsunami fault model for the 17th century great
earthquake in eastern part of Hokkaido.
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Developmental status of real-time tsunami inundation forecast system
using S-net
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F—YEAVWT, BROBMEEFTEHARKICTFAT S0V RATLEREFERTH S (Aoi et al., Suzuki et al.,
JpGU, 2017) , AEETIK. BLAHPRARLAETEROATAR - AE AR EZ R E L2EEM EAIRF
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Nonlinear parametric model based on power law for tsunami height
prediction
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Dense Ocean-floor Network system for Earthquakes and Tsunamis (DONET) was constructed in offshore
Wakayama prefecture to cope with the damage of the Nankai Trough earthquakes accompanied by a
large-scale disaster. In DONETT1, ocean-bottom pressure gauges are installed at 20 points, and it is
possible to detect the pressure change caused by tsunami immediately. Moreover, by using a super
computer it has become possible to simulate tsunami in various scenarios precisely and get the
observation value of ocean-bottom pressure gauges in DONET1 and the tsunami height along the coast
(Baba et al. 2014).

Methods of predicting tsunami have been proposed in previous studies. These methods predict the
tsunami height by learning the relation between the ocean-bottom pressure and the tsunami height. A
method using linear regression (Baba et al. 2014) and a method using Gaussian process (lgarashi et al.
2016) were proposed. However, the former method is impossible to learn the nonlinear relationship and
to predict with high accuracy. On the other hand, the latter method is based on nonparametric model
which is difficult to correspond to the physical model.

In this study, we propose a nonlinear parametric model based on the assumption that there is a nonlinear
relation based on power law between the ocean-bottom pressure and the tsunami height. In this model,
the relationship is expressed by the formula d = alx1~b1 + a2x2~b2 + ... + a20x20~b20 + c, where d is
the tsunami height, xi is the observation value of ocean-bottom pressure gauge, and ai, bi, and c are
parameters.

An experiment to compare the accuracy of tsunami height predicting methods was carried out. As a result,
we observe that the prediction error of the proposed method is 0.81m, where that of the linear regression
is 1.28m. It decreased by 37%. Moreover, the prediction error of the proposed method is as low as that of
the Gaussian process, 0.77m. According to the proposed method, it is possible to create an interpretable
and highly accurate model that predict the tsunami height by learning the relation between the
observation value of ocean-bottom pressure gauge and the maximum value of the tsunami height.

F—T— RN EESFA. FEFFHAZX MY v 2ETIV. DONET
Keywords: Tsunami height prediction, Nonlinear parametric model, DONET
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Extraction of tsunami response functions at small islands by averaging
four tsunami spectra
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Fault model of the 1611 Keicho Tsunami earthquake (Mw9.0)
estimated from historical documents using tsunami inundation
simulation
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R A REEREICI Y IR & ERD, XEETL— DO Z OB TOINFEE & 1 ERBICH
ICMTHBIEHEEZDETA2FRZICOOMBEIRZEAMENRET B LIFAETHY ., 16TTEER=
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Tsunami and landslide model due to the 1741 Oshima-Oshima
eruption in Hokkaido, Japan
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Ray tracing for dispersive tsunamis and estimation of initial sea-surface
displacement: Application to the 2015 Smith Caldera earthquake
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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

Ray tracing method based on the optics theory has been applied to tsunamis in order to calculate travel
times and refractions due to bathymetry variations. Previous methods are applicable to linear long-waves
[e.g. Satake, 1988, PAGEOPH; Woods and Okal, 1987, GRL]. However, real tsunamis are dispersive, that is,
have frequency-dependent propagation speeds so that the method needs to be extended to dispersive
tsunamis.

The method is also used for estimation of the initial sea-surface displacement in combination of Green's
law, that is based on the conservation law of the potential energy of linear long-waves [e.g. Abe, 1973,
PEPI; Satake, 1988, PAGEOPH)]. By using the law, previous studies estimated the height of the initial
sea-surface displacement assuming that the peak amplitudes of the initial displacement and outgoing
waves from a source region are the same. However, this assumption might lead to an underestimation of
the initial wave height, because tsunami waves behave differently inside the source region.

In this study, we first propose a new ray-tracing method extended to dispersive tsunamis. We create
frequency-dependent velocity maps from 2-D bathymetry data by solving iteratively the formula of
dispersion relation of the linear gravity wave by a recursive algorithm. Then ray paths at different fixed
frequencies are traced on the frequency-dependent velocity fields by integrating ray equations for seismic
surface waves [e.g. Yomogida and Aki, 1985, JGR].

For more precise modeling of the initial sea-surface displacement, we investigate tsunami behaviors near
the source region by waveform simulations to confirm that outgoing waves from the source region have a
wave height less than a half of the height for various initial sea-surface displacement models. We propose
an alternative way to estimate the initial sea-surface displacement. First, the source region is estimated by
means of the back-projection using arrival times of tsunami signals at stations. Secondly, the wave height
of outgoing waves from the source region is derived from an observed height by using Green's law. Finally,
we obtain the height of the initial sea-surface displacement by using the ratio of the peak amplitudes of
the initial static displacement models and simulated outgoing waves from the source region.

These two methods are applied to a real tsunami event that was caused by an abnormal volcanic
earthquake near Smith Caldera with a diameter of about 7 km on the Izu-Bonin arc. The earthquake had a
CLVD-type focal mechanism and generated larger tsunami waves compared to its magnitude (M5.7), and
therefore the earthquake may be regarded as a "volcanic tsunami earthquake." Dispersive tsunamis were
recorded by a dense array of ocean bottom pressure (OBP) gauges, 100 km to the NNE from the epicenter
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[Fukao et al., 2016, JpGU]. It is notable that the measured slowness direction of wavefront deviates from
the great circle path and varies as a function of frequency.

Our new ray tracing for dispersive tsunamis shows that ray paths are significantly dependent on its
frequency, particularly at deep oceans. Simulated slowness direction and arrival time at the array change
as a function of frequency, which is consistent with the observations by Fukao et al. [2016, JpGU]. By
minimizing the misfit between observation and ray tracing, the peak point of the tsunami source can be
constrained within Smith Caldera. In addition, we model the initial sea-surface displacement using our
new method with the tsunami data at the OBP array. The boundary of the source region is located close to
the inner-wall of Smith Caldera. By assuming a column-shaped displacement with the size of Smith
Caldera, we obtain the initial wave height of at least 30 cm. Although some uncertainties remain, these
results imply that these methods are very powerful to preliminarily estimate the initial sea-surface
displacement.

F—0—F ORERERR. ORISR, SRR, KLME, FRE

Keywords: ray tracing, dispersive tsunamis, tsunami analysis, volcanic earthquake, tsunami earthquake
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Oceanfloor network system and real-time tsunami prediction system
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ATLTHD, £, BREFEOLOHIC. BRNICFHTELAZMBET L ZRAVWAFRAFTMEATEETSH 2,

CDEIBRYRATLOREICEER T — 9 OREHESRIMERV, ZOT—9RBEBEEZ. BBETD
BEAEEZ, RADAHEMEEZSDEFABRBRICHIGTE2EHMEE, ERLODOIYPTIEMREICR
%, FHFRLARLET L. TOEMNPHEMICK->TEDLBESS, EROFAEIFIREERILSIEAR
WEIBRIRKEBBETHED, FEFELPABRCFERICEVWT, N Ty RV AT LA2BETFETH
%,

F—7— KN 3K BIERFAL. DONET
Keywords: Tsunami, real-time prediction, DONET

©2017. Japan Geoscience Union. All Right Reserved. -HDS16-13 -



HDS16-14 JpGU-AGU Joint Meeting 2017

FREREZT7 14—V RE LAERBHROFERICEAT 2K
Application of Tsunami Information to Disaster Mitigation in Chiba
Pref.

AR BEL. KHF BB A E'

*Tomohiro Kubo', Masahiro Ooi', Wataru Suzuki'

1. B SR E M iT Je i

1. National Research Institute for Earth Science and Disaster Prevention

BEKEBIEBREAKETHZH, BAFOHKIELERT2LKERGOMBPEREBEL LRV
ENZL, LHL., TV BRRERRYT 2720, BARKAGE TIIEHMNICE EES P REIELR & % £
LTW3, —A, IRLBRIREFEICSITERFREFBFITZNGS L. JAMSTECE OHRHFRICE ST
FR LKA FR Y AT %GR LEERX EZEDTWD, FFERFTIE. RERFOSIPERK 1 /
R—aVREZTOT S L (SIP) LYY IV MREEK - BSEHEEDRIL R EEER DD DERNFRIC
BWT, LD & D BEYMBEERE A TS-netll & 2 FREFFRIEREZER LREBXICEAT 2MARREE
ERELTWD, ZOWNFTRETIE. FREANFFRFRMOBERICIA T, TER & EE L /2EEAETABERD
FEAICETIMREERELTWS, FERICET 2RARTIE. BAKOREKIEYE I BN FAIER
EAL. AMELHEMMIEATESZLDICT27H. BAFOBAIELEZRRICLERBRICEAT 2RAH
BREBEERLTVWS, 5. BAKORBKIELEDERN BN DMRMISEHEICOANDZLIICTS
)., TOBEROZIFTHHIMBEERZTRE LEEAMBREFHZEREL TWVWE, AR TIE. ZOBRMNE
FEEHICBVWTHRMICAICEAD ZEICEREBEVTWEZ &S, ¥N—F T4 VI FEDAIDMA% ER
L. BEBKEOBMBREFHGEAEAHATWVD, ARXRTIEIINETIFEEAEREL TELEEBDOHRE T
Do

F—O— K ERIEW. BHEEE. AIDMA
Keywords: Tsunami Information, Education for Disaster Mitigation, AIDMA

©2017. Japan Geoscience Union. All Right Reserved. -HDS16-14 -



HDS16-15 JpGU-AGU Joint Meeting 2017

BRIE12H16H (1605-1-3) #thEICL 2EREENETCOEES IS

i
Height Distribution of the tsunami of the Keicho Earthquake of

February 3, 1605 on the coast of the Boso Peninsula
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Maximum initial tsunami height estimation 10 min after large
earthquake using initial total electron content pulse observation
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Inversion of the perturbation GPS-TEC data induced by tsunamis in
order to estimate the sea level anomaly.
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Large underwater earthquakes (Mw > 7) can transmit part of their energy to the surrounding ocean
through large sea-floor motions, generating tsunamis that propagate over long distances. The forcing
effect of tsunami waves on the atmosphere generate internal gravity waves which produce detectable
ionospheric perturbations when they reach the upper atmosphere. Theses perturbations are frequently
observed in the total electron content (TEC) measured by the multi-frequency Global navigation Satellite
systems (GNSS) data (e.g., GPS,GLONASS). In this paper, we performed for the first time an inversion of
the sea level anomaly using the GPS TEC data using a least square inversion (LSQ) through a normal
modes summation modeling technique. Using the tsunami of the 2012 Haida Gwaii in far field as a test
case, we showed that the amplitude peak to peak of the sea level anomaly inverted using this method is
below 10 % error. Nevertheless, we cannot invert the second wave arriving 20 minutes later. This second
wave is generaly explain by the coastal reflection which the normal modeling does not take into account.
Our technique is then applied to two other tsunamis : the 2006 Kuril Islands tsunami in far field, and the
2011 Tohoku tsunami in closer field. This demonstrates that the inversion using a normal mode approach
is able to estimate fairly well the amplitude of the first arrivals of the tsunami.

Keywords: tsunami modes, gravity waves, inversion, Total Electron Content (TEC)
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The effectiveness of Green's Function based Time Reverse Imaging
method for tsunami source estimate
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We developed a Green's Function based Time Reverse Imaging (GFTRI) method in order to recover the
initial sea surface displacement associated with tsunami generated by undersea earthquake, submarine
landslide etc. This method has the same source representation as the least square (LSQ) source inversion
method. In GFTRI method, the source region is divided into a number of source patches and Green’ s
functions (GF) are computed using a unit point source located over each source patch. Instead of using
LSQ method, this method uses time reverse imaging method to estimate tsunami source by convolving
GFs with time-reversed observed waveforms. This method was implemented in the 2011 Tohoku-Oki
earthquake tsunami. In this work, we implemented the method to the 2009 Samoa tsunami whose source
mechanism is believed to be complex. For this event, only few observations are available and many of
them are located quite far way from the source and contain reflected, refracted, or even scattered waves.
So, it is an ideal event to examine whether the method is capable of reconstructing a source model
associated with earthquake source having double-couple feature using only the first wave (FW) or the first
wave with later arrivals (FL). We carried out several experiments with synthetic waveforms and results
indicate that the method is able to extract complex features of the earthquake. We, then, applied this
method with actual tsunami waveforms of the Samoa 2009 tsunami (both FW and FL) and our results
suggest that this tsunami occurs due to both normal and thrust faulting. Our finding is very consistent with
previous studies of seismic waveforms for this earthquake that have suggested the event is a doublet,
consisting of both an outer rise normal fault and megathrust rupture.

Keywords: Tsunami, time reverse imaging, source inversion
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Tsunami simulations for probabilistic tsunami hazard assessment in
the Japan Trench, the Nankai Trough and the Sagami Trough
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tracking coupled simulations
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Distribution of the heights of the tsunamis of the 1707 Hoei and the
1854 Ansei-Nankai Earthquakes on the coast between Tanabe City
and Kushimoto Town, Wakayama Prefecture
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B, BKICEEEZZAEICKEK, MEBKEZIEImE LT, EEORREDESICMASZ &L,

HOHEHFERKIE. TTICAMEOAREICE > T, BREEFEMEDHAEE. AGEOEIM, BIEI,THONT
WBDT, SEOFAETIH. FIEMK TORIERREFMEIESR (RUDIR) OEE1SELFREATIICE
EHT=,

FONLEAMEON707. £H). BLULHBEEME (1854, AR) DERRKELHEHICTT. FK
WEDOERTIE, BLOROHEMZEBRT 240, HE, FETTEMEREB4A11E T, RK1548, ER
158%F, K#E1198t % L /=(HMTKEER] ) » CDO3HDESIF2.0~22mTH37H. HEEKImE L
T, ZITIREKESTMET 2, HIOHEMEROXRIMOE (b)) TTRKLLESN, ZOBESIE
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78mEHEINDG, FIEMR T, FEDOAHE., ZTORBOW / BHORHE IHDIF > /EKL. ZOERN
FMFIFTOESETARLAEEGALON, T TIBKIZES128MIELEZ EAHRTE -, & 5ICHER
EH (AR OEHEEZIX. 2ANEZCSMOEFFICHY NS, AEIDEEEEHIC —HEEST] &
RBEIh TV, XI5, §XHTASROERIVDEENEIZ. EXRMEDICEEZDI723FICETONE
HEDTHDN, TNICEEKERICE > TIMBADRENH > EERLTWVWS, ZOFREHITILFORS
ROBAODMAEIE WIRRERTH>7IET THZ, ASROTEHMOKRBOIOREDHRK. H2WILELE
HoTWEZ LRANTH 2, BSREMET 2ERHFHEOEEZDOHOMBIEDERIE. 44mTH 7
EREKESAEIMEHELT, TITDRKESIF7IMEHET 3, TAERTIEH, AIHISASRAMEE
T, BEESIREBLARTT7~13MTH I EIFEEBITRETH D, RHEEME(1854)DERKIE. Hil
- BJREI TIE4~6mMBETH >, BAREIEDCICONWTERE I A2 ERIER 5N 5,

HEE : COMRIBRFAOBEETH O DRFEES [ER28FERFHEFZFHENREFRTE (KEFLFD
BEsEREHDOFAER) FR] (KRR REKE SHXE) ORRO—WzLWEEHEDTH S,

F—7— KRR RMEELE. ERbE PRE

Keywords: Hoei Earthquake-Tsunami, Ansei Nankai Earthquake-Tsunami, Historical earthquakes, Tsunami
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A Characterized Fault Model estimated from the Tsunami height of the
2003 Tokachi-oki earthquake
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*Kito Tadashi', Kenji Hirata®, Hiroyuki Fujiwara®, Masaki Osada®, Nemoto Makoto', Hisanori
Matsuyama1, Yasuhiro Murata®, Shin’ ichi Akiyama®*
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1.HRETIVER OB/

BE KR IRAMAFRAT Tld, RICMAREFAMEEZEE LT, BALEDRFARR E LRRRINER
NY— REMOMEE=HESH T WS (BRR - fib, 2013, JpGU) ., EXR4FEEHI LRSI, BEREEQV. BB
NS ZHAVWRUHEE NS 7000OERICEVWTEE T RY OFRHEEM %GR L7 FEERRE T T
V] ZREL. BREEBEICLZAFOERENOERBIISERENY —R25TMLTWS, RIE. TEBE
BRAVOBRICEVWTHERERBET L ERE L. BERBINEEN\Y— NHlAZEEL TWS, TDLD
RITMEAES IS LT i) OREADEDTHBZ I ENKDONZA, ThiE, BYEICF1—=VT%
MA7z. 1 DORFMEEHBEREETIILABEDOHERZE A HIEERFICHERTIZI 2> THRTIZ L
NARETH S, SO, TEEEAVOMEZRFRICN T 2HERBHASER/N\Y— REE S 2D ICE
L. BMCREMBETILOZ YUY - BN ERIET 5726, 2003FE+ESHHEDERENS % H 212EH
HYa28EMLRRMBET LA, hERETEZEES 2017) DERL S EICEDEERLEDT, ZOHRICD
WTHRET %,

2BREFTINDERS .

HEMNAR 7L — NEALOMBIRY ARET 2720, TEBENOLARAATWEIEREETL— MO LEEIC
#5km x BkmDEBEZMIBAERE L7z, IRVARKEETL— bR T L — MW T 2EMESARICED
ERELL, WERAEZES (2004) OREFTMTRI N TS 2003F+BhhE O iR % AR Tl
LTHBmE L. COMBERICKTARYE (FHITRYEO2EOTRYELFOMESE) = 1ERZEL
1= WEREIARMATMTREINTLVEIMWE3E L, COMEREICHY T IHMEE—X Y I
5, Mo=mDSZRBWT, MIBOFEHITRYBEZHELL, ThODKB/IRSAYERBEEL. KTV DML
B, 7TARY NERUMBEFICH T 2RI RYIBOEBLEEARMANSAYELT, 4y RY—FKIC
SO TREBEREMOEVET L ERD, KM ATIFUTOLIICEEL,

DORITRYBOAMEICEAL T, BEEMIT(Tanioka et al.2004,Yamanaka and Kikuchi 2003) TR Y EH K
ZFVWEHESINEEELICEB#ME TITAREICIEY. BEXARICIEY DEET9/NY—VERELT.

QBAMEDTRY BAFICEDIE, ATRYIBOTARY Mt CBESICTETABORS //BEMEERA
BMORE) #3839 —> (0.9,1.0,1.1) #&EL%,

CEEMEDITRYENHICEDE, MBRMAFICHT 2EELEER%E3/89—2(25%,30%,35%)5%E L 7=,

INSDOEFHSTIDFEERMBETIVICHLTI747—R - ETY VI EREL,

3. HERMEDFLM

ETIOBERMAZTMAT 2BIZEE LT, BREZENZAWVE, B 7 —49 & LTERIEKRZD HERERE
F—4&~RX—2] (http://irides.tohoku.ac.jp/ project/tsunami-db.html)Hm 5, &K - #(2013)DELHICERT
5 & DITER L2003 F At EDEBRII G AA WL, BEZFNI RIMEEZTRT ETIVIE. ERED
FRICKIRYEAME L. KIARY BOMBLEICH T 2EBELEEN25%., KIRYEBFEDT7 AR M
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09D ETIVER DT, BELALETIVCEAL T, HEO977)DRMITHKE EMIZEREZEELZEZ
%, TNFNK=0.98, £k=148%TR L. COMIIHWVTH, 2003FE+HHEDEREN S 2 HMRBEIRT
ZREMIEERMBETILARDD I ENTELEEZILONS, 5%, BFHEKRMBET ILOZYM - B3t
HIRRTZ0I1IC. BEOHMEDEFREEE. FHEOREADH T, HEEERPTI2HMCREMET
TN EEBEHTROTWSFETH S,

ARRIEHEBFOME IO o b THRKBICHTEZNAY—K - YR IEMICETIME] O—FEL
TEELTW3,

F—7— R : 2003F+EhitE, FEARREET V. REFME
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Observation of Coupled Seiche System in Ise Bay and Mikawa Bay by
HF Radar
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01T EFICHILHTRELAMEICL 23 - BRI %, FRESLUCZABICREINTVWAEBEL—4
AEGEI L T Wz, REEOEFENMSREIERENI’ERTHSY, BERORBRERLEATRELEEL —4
&, BEOERCEIREIOERRMICERARED LA 5. BIREIE &, AR TOEKORIRIRKTHY, EELQ
EDOANTHEIN, BEEHMACEARERE - #HEItED. LA >T, AFERETOMKEEZEET DI X
T, ZOERIIHEBICEELEDERLS.

KRR TIE, FRE - SEICEFNFN2ERBE SN TWEEBEL — 9B L BRICKRB I N/ EAER S
HRAWT, EEOEK - BRBIOERA Z1T o7z, BHRENICDOWTIE, FEEBTOEEL —YERIRERIC
EOFEEMT Z1T\\, LoomisDAEE LT 2 2 & TIRENE— K&k 7=, FEEERNTIZ30-40%, 60-800% L
T120- 1409 O AHE THEZICEIREAFEZEL THE Y. TD S 560-809% L T120-1400 L FHETILEIC
RE). 30-400 DA TIEFAINAIREIDIEIEN R Shis,

Fro, FEREBIRE, =EBETOKMEENIIFREREREHICIREIL TWe, BB L =MEIREOME
TEHRLTEY., ZhOoDRBE— NEBELERIHDZIEEZOND, ARKTIE, FREICKREINLE
L —SERICIIA. SABICHREBINBEL —YICL > THAShZRESHHE CRAIIREBDRERE1TD
FETH D,

Keywords: Seiche, Ise Bay, HF Radar

©2017. Japan Geoscience Union. All Right Reserved. - HDS16-P08 -



HDS16-P09 JpGU-AGU Joint Meeting 2017

ERBEMBITOINY A EFHALL. 2016F11AREEHDHEDE
R AR

Analysis of the November 2016 Fukushima tsunami using the slip
distribution of the seismic source process analysis
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2016FE11H22BICEERHATMWE.IDMENFEE Lz, TOMEICEY., WEETIA4mA L, LiBEL
ST EFTCOLEVWEETEREIERASIN (KRR, 2016) .

IDEREBRT 270D, T —HIRNYOEFEE (—HETE) #REL TEERE>I2L—Yavi
To7. HIBONRSA—49—IF, CMTEFDOA N ZZALERTZFa2—RORT—) VJATEZ-MEY A
X -FRYEEHWE, ZOBERTIE, AFROWWEEBFSOBHARHOE K THOLND LD REFHDERKIC
ERT, BERIMRCBYEDRY, ZD7EH, LYNSRFROMBY 1 XTH>LAREEIEZ SN,

ZZTHAMETIE. BEROTRYRHELHET 2ERAREBTOBEREZZROMAICAWE, £3. B
FRREEITTMIBLOIRY DHERDS, I T, ERBEENICEAKERERIE. —TEER (R
RIT, 2076, HE - MLAHR (BHXMR) ) 25EI1C. Li&37.353F. HiR141.603E. RS 10km& L7z, B
BEiZ. BHE LR BHEFEO—BARWF-netDCMTETERAZRA L. E£M : 47E. 8
f:38E. MHHTARYA:-90E. THA, TDR. TOEL~D/NMIBICK 2 BEMOMBEHZFTEL
=o ZTOWMBREHEZRELEELEDEBEKAE LTEA, EREFE LA, I T, BEKAIXEREICEH
BMicEA b3 E L, HET—4%1d. B/ TE50mXA Y a1 (HERFPRRKEE, 2003) &AW, ¥
BICL2thEE— XY MR LADELBEROMWIE7.2(BIMEFRI0GPa), 7.0([I4R15GPa) TH - 7=,

STETKROIAFEOERERIE. BRI NEROERAPOEOMRPIRIEZR<KR L, FTETELONE
BE—RE REFEDMBEEADTNICEDE 2780, MK AZFERABICTEITIRES SR, ZOBR, EK
DRBITREDHICEVIEL BB L EHIC, AFDRERERELIREERBICRCEIBRNM T ONL, =KW
I, FANO.O7E. mA0I2ELRFTEGFRELIZIGELNE > EHBARHZKICE > 7. BRBERFTOERIZ. &
EFBROMBICE W EAINEHZENH D, SEDEFDIFE. WEREREBERE T ERELTRE
FIETH, BRELTELONZITRYDFICIEKRERFELN N>,

TSI, REBGHEKAICED O RMBEZ —MEETE A2 & ED RN 2R, FRURBHTOWE
R. Mwb.9ICH L THIBR X 20km, 1&15km. §RYE63mEWVLD, MwBIDRT—1 v JRINSIEHh A
ANTHMBERETDIVELHDZ Dok, L., T TRIERIXISGPa%zRELE, TDLIRK
ERINYEEF, BAANICEERBEBIOITRYDSETERNTS Y., ZURHEHEICHDEEAOND,

SEDESIRITZFa—RICLDMBY M AP ITRYEDORY—) Y JAIhSHANLIEDIGE. BRE
RENICE D2 NMIBOTANYDHEDORHREABVWEROERRENIMRNTH S, . BTEEIRNICITY S
B, KEMBOREELEICHIET 272H, Uy RY—FTHIREDRELHFBRLALHELERITVL. R
ERYHETEVWSIHENEZILOND, HiFF: EEBUERITICIETUNAMI-N2ZBWE L7,

F—7—KF:2016F11ROBERAOMEDIRK. BRBREMENT
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The Development of Volume Flux Method and the Application on the
1661 Luermen event

*Tso-Ren Wu1, Han Wu1, Shun-Kai Hu1, Yu-Lin Tsai'
1. National Central University

In 1661, Chinese navy led by General Koxinga at the end of Ming Dynasty had a naval battle against the
Netherlands. This battle was not only the first official sea warfare that China confronted the Western
world, but also the only naval battle won by Chinese Navy so far. This case was significant because it
altered the fate of Taiwan until today. Ace of the critical points that General Zheng won the battle was
entering Lakjemuyse bay unexpected. Luermen bay was and is an extremely shallow bay with a 2.1Tm
maximum water depth during the high tide, which was not possible for a fleet of 20,000 marines to cross.
Hence, no defense was deployed from the Netherlands side. However, plenty of historical literatures
mentioned a strange phenomenon that helped Chinese warships entered the Luermen bay, the rise of
water level. In this study, we will discuss the possible causes that might rise the water level, e.g. Tsunami,
storm surge, and high tide. We analyzed it based on the knowledge of hydrodynamics. We performed the
newly developed Volume Flux Method (VFM) for finding the potential tsunami sources, and the COMCOT
tsunami model was adopted for the nonlinear scenario simulations, associated with the high resolution
bathymetry data. Both earthquake and mudslide tsunamis were inspected. Other than that, we also
collected the information of tide and weather for identifying the effects from high tide and storm surge.
After the thorough study, a scenario that satisfies most of the descriptions in the historical literatures will
be presented. The results will explain the cause of mysterious event that changed the destiny of Taiwan.

Keywords: Mudslide Tsunami, Storm Suge, volume flux method (VFM), COMCOT, 1661 Luermen naval
battle
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Processing Real Time Tsunami Potential of Earthquakes using Early-est

*Mehmet YILMAZER', Fatih TURHAN', Ocal NECMIOGLU', Aysegul KOSEOGLU'

1. Bogazici University Kandilli Observatory and Earthquake Research Institute

In this study current status and results of the Processing Real Time Tsunami Potential of Earthquakes
Project (Supported by the Research Fund of the Bogazici University, PN12002) will be presented. Bogazici
University - Kandilli Observatory and Earthquake Research Institute ~-Regional Earthquake and Tsunami
Monitoring Center (KOERI-RETMC) is providing tsunami-warning services in the Eastern Mediterranean,
Aegean and Black Seas since 1 July 2012 and has been accredited as a Tsunami Service Provider of
ICG/NEAMTWS at its 13" session during 26-28 September 2016 in Bucharest, Romania. The main
purpose of the this project is evaluation of usefulness of the Early-Est method (Lomax and Michelini) by
the RETMC for the rapid and robust assessment of the tsunami potential of an earthquake for early
warning and emergency response depending both on moment magnitude and rupture duration of the
earthquake based on T T, and T T E discriminants. Both real time data and the off-line earthquake
waveform data are being processed using Early-est software package. In the initial phase of the project,
the waveform data belonging earthquakes that have M6.5 available from all over the world are being
archived and processed. So far, approximately 1000 events have been processed and prepared for
statistical analysis. Next step would be the analysis of the relation between theoretical assumptions and
processing results in terms of moment magnitude and tsunami potential. At the end of the studly,
performance of the method will be investigated using real time processing results are collected during the
project period. We would like to thank Dr. Anthony Lomax for his cooperation and support in the
operationalization of Early-Est in RETMC.

Keywords: Tsunami, Rupture Duration, Early-Est, Tsunami Potential Discriminant

©2017. Japan Geoscience Union. All Right Reserved. -HDS16-P11 -



HDS16-P12 JpGU-AGU Joint Meeting 2017

Beamforming detection of possible tsunami forerunners at the Korean
coast

*Satbyul Kim', Emile Okal?, Tae-Seob Kang1

1. Division of Earth Environmental System Science, Pukyong National University, 2. Department of Earth and Planetary
Sciences, Northwestern University

Korea is mostly surrounded by sea and the west and south offshore have shallow depth which is 51 m and
71 m of the average depth respectively. The eastern sea of Korea has relatively deeper average depth
(about 1,497 m) as well as it increases rapidly along the coast, so the sea between the eastern Korean
Peninsula and the Japanese Arc is such as a huge bath. When the 2011 Tohoku earthquake occurred, it
not only generated a devastating tsunami in the Sanriku region, but also caused small waves in the
back-arc region of Japan. They were recorded at several tidal gauges along the coast of the East Sea
(Japan Sea) (e.g. Shevchenko et al., 2014; Murotani et al., 2015), and Murotani et al. referred to them as

“tsunami forerunner” . The Nankai Trough, which is located to the southeast of Japan, is one of the
regions capable of producing a large M9 earthquake in the future (Parsons et al. 2012). Therefore, there is
a reason to believe that a potential earthquake may cause sea waves originating in southeastern Japan to
reach the Korean Peninsula. In this study, we explore whether a large Nankai earthquake will produce a
tsunami forerunner in the back-arc region of Japan observable on the Korean coast. We conducted a
numerical tsunami simulation to obtain synthetic waveforms using a 1707 Hoei earthquake model
proposed by Furumura et al. (2011). We created two virtual arrays, ARO1 and ARO2, to obtain synthetic
waveforms. Array ARO1 is located to the southeast of Korea to detect the tsunami forerunner and array
ARO2 is between southern Korea and Kyushu Island to record the main tsunami coming from the Nankai
Trough. We then used beamforming analysis to verify the direction of tsunami arrivals using simulated
waveforms at the two arrays. We determine the direction of a tsunami forerunner using waveforms from
array ARO1. Because the wave front of the tsunami forerunner is parallel to the array, waves generated in
the northwest region of Japan show a back-azimuth angle that points in the north and north-northwestern
directions. The distribution of beam-energy at array ARO2 clearly shows that the main tsunami generated
in the Nankai trough comes from the southeast. The beam-forming technique using tsunami waveforms is
not able to accurately determine the direction of tsunami forerunner arrivals because the amplitude of the
waves is small and the region has strongly varying bathymetry.

Keywords: tsunami, beamforming detection, Korean coast
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