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Seafloor Observation Network for Earthquakes and Tsunamis along the
Japan Trench (S-net) - Current status of the S-net construction -
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The only real time seafloor monitoring system situated inside the 2011 off the Pacific coast of Tohoku
earthquake (the 2011 Tohoku earthquake ) source area at the time of the earthquake was the
ocean-bottom seismic and tsunami observation system off the Sanriku coast deployed and maintained by
Earthquake Research Institute, University of Tokyo. Three seismic and two tsunami observatories were
installed on the system. We did not have adequate observatory networks which could measure and
monitor earthquakes and tsunamis on the seafloor, even though a lot of earthquakes occur beneath the
seafloor around Japan.

NIED ( National Research Institute for Earth Science and Disaster Prevention ) has launched the project of
construction of an observatory network for tsunami and earthquake on the seafloor just after the
occurrence of the 2011 Tohoku earthquake. It reflected on the situation that we could not monitor the
outspread of the earthquake and the tsunami outbreak on site and in real time due to poor coverage of
observation in ocean area. The project has been financially supported by MEXT ( Ministry of Education,
Culture, Sports, Science and Technology - Japan ).

The seismic and tsunami observatory network was named “S-net” . The S-net consists of 150 seafloor
observatories and covers the focal region of the 2011 Tohoku Earthquake and its vicinity regions. Each
observatory equips two sets of pressure gauge and 4 sets of three component seismic sensors. The 150
seafloor observatories are connected in line with submarine optical cables. And those optical cables are
landed at 5 sites ( Hachinohe-city, Miyako-city, Watari-town, Kashima-city and Minami-Boso-city ) on the
Pacific coast of Tohoku district, so then the S-net provides a real-time monitoring of earthquake and
tsunami on the seafloor.

Six years has passed since the project started in 2011, the S-net seafloor observatory network is going to
reach completion. Some data are being transmitted to Japan Meteorological Agency, and have been
already used for surveillance of earthquakes and tsunamis. Full-scale operation of the S-net is expected to
start in April, 2017.

We will report the current status of the construction of S-net seafloor observatory network in this
presentation.
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Shaking maps are one of the useful information for hazard assessment after earthquakes occurred. Based
on dense and real-time seismic network the detailed and fast shaking maps are available. The Central
Weather Bureau of Taiwan (CWB) has operated two strong motion seismic networks. One is the real-time
strong motion seismic network, named RTD, consisting of 110 stations. It can provide a shaking map
within 15 minutes after an earthquake occurred. The other is the dense seismic network named Taiwan
Strong Motion Instrument Project (TSMIP) consisting of more than 800 stations. However, the shaking
map generated by the RTD seismic network cannot reveal actual ground motions due to poor station
density. The TSMIP seismic network cannot transmit data in real time. Recently, the low-cost
Micro-Electro Mechanical System (MEMS) accelerometers has been deployed in Taiwan, named P-alert
seismic network, with about 609 stations transmitting data to the center in real time. The P-alert seismic
network provides an opportunity to provide quick and real shaking map, but the ground motion records
from the P-alert need to be corrected because all P-alert sensors deployed on the wall or pillar of
buildings. To obtain real ground motion without building influence, we proposed an approach using
TSMIP records to construct a transfer function for the P-alert records. Finally, once an earthquake
occurred using the real-time P-alert data streams and corrected by the transfer function, the real
ground-motion shaking maps become available.
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Progress of Seismic Monitoring System using Optical Fiber and DAS
Technology
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Improvement of real-time seismic waveform display system for "Nankai
Trough Region Earthquake Disaster Prevention Research Project”
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Detection of the blast frequent areas based on the NIED Hi-net
hypocenter catalog
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B2zOBUMEEEBRA YO EEICEVWT, BA - FIOEBEAEDODAINLEEROBRITERY X b5
BRATREBRODVEDTHS. BHERAINEENIERAL TWEIERRESRATLTIE, HEH LD
A RAD-ODREIERT 2 EBEINIMBEEETET —IR—RAICERFEL, RELEERBERIC
DT—IR—RICEESINBERICEYT 215G, YRV M 2EBHNICEE (AITHE) YT 5,
ZWIHERZRT. —A, REMIFOATIHNLEERIZ, TEMSOBECHRILMOFER - BELEFICK VB
BIICZELd 3 (HIZAIE, FHE, 1996) . 50, 2008F48H 52016538 £ TO 8 EE DL KR HI-netdD
ERASO7AVTEERAECELORBEREMEZMHT 5 & & 610, RibtAXREEHMEFIZROE
BICDWCHRELE.

BE, BPARBEPIERBIEIBEAORETICEESI NS ZENS W (BH, 1996 ; F -2
#, 2001) . Hi-netD8EMDERN Y OTICEWT, FETRIREERAINTARNY MDOFRERZ %R
el %, TENILI19ETOI2EBBICETORKDI.5 %A ER L TV, ZOREHEERRETICS T
ZRENREBTE Lz, RBERMBHEDEEICH-> T, BEE3EM (2013F48H 520164
3) ICRELAEEBRREINMOkMEWEZVEARY NERRE L. £/, BAIEE2ERA, @lkzhth
0.025EDEILIZHEIL, B/ aRKBHAREMBHERME L. £9, EEILDOA XY MDI0%LLEHFK
WREBHICKREL TRELTWS I EEEHEVTE LTHE L. 2O, 41XV NORERE (B8 - F
) OEVPRBEERINTWVWEIANE D NMIFIBFELELS LTUWARWL, Zoft, EERTFERBICEK Y RK
EHBFINIZA Ry MHER L TWREEBMANS K URTERE LTT—9R—RIIX AV IERE L TEEICE
BRINTVWHEEBMASEHE L. SEBOAHEALEL, MANE L THHSNAZEILIELTEVITHHME S
NTWBZERMELE. F/z, MASICEHINTWRICHEED ST, EVITREI WA > 2E/LH 7008
FRUAERIE L=, WIS, MASTEHEINTULWAWLWHNEVTE L THRESNEEILIK2408/MEELE. K
IZ, SEBDT—HICDOWVWT, INLDEIICEITZARY NORERROBREERREL. TOHER, aiE
IZIE, ZH5FEARNY MDA INTOLWAEVWEILDIED, HiEEBEDOHNNEFREHIET L RE T REFR[IC
ARY MRS RWERIN, L BONEEESNH SHEFHAICEERICKRT LAEERIAEELAE. BEICDOWT
1%, FEEDREDSFEAFBEL TWEEFICMASEBEET 2L THZ Z DS, FHERRILIIBE -
CEXERAEEEDOEENTRIND.

RIZ, 201 TERILHA KT E M EFIRORBIMIBOEB IR T 5720, HEER] (2009F3A M5
20114%28) , HEEBE®R (2011F4AH52013%F3A) , &iF (2014F4AH52016%F3H) OK2ERHD
FT—Y EWRIC, RERREBICIONULEDAIRY RHAEFRLTVWEEILOMEE2To7/. ZOKR, HEmM
ICIER LRI R INCEFESLIUOEREELZ RN 2 LAV CEEREY A, RBEBMIHMME
THEBERICIEEREIRMINAL A2/ &Ilmz, EFEPHKEHEORERTEEZEHIZELCET LA’
BABHELAEZEEHELE. —A, EETRENLDOMBOZ K TEHHNBEALTWSIEH,, BSFEE
W, @EEREY, RIREILIMTRBERMEILALTWNS., DI, EXEREEICLIRILEDHE
MY IEHEEOILKRERBRLTWEEZZ 5N S.
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2-D seismic reflection survey across the lzu Bonin forearc seamounts
using the R/V Kaimei
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SBELEFEML ThVoWw] (B N V5747 V) 1Z2016FICIBT LB ¥R RME
(JAMSTEC) THRHH LVWRAEMTH S, [H0HL] [, HEREMR - BEERAR - AKUBFHRGE
DOEFEAICRHE L-ZEMNMTHY ., ZORTHERICKELFHD 128, 4494 TOMERE CRTR
SUEMERE - IRTRIEMERE - RffREIRTRITEHERE - BERIMEST2AVAHERE) ICHIE
LEERTHBIETHD CBERREARMEME, 2016) , ZOMEFRESRATLDBEARD—EEL
T. JAMSTECE =ZE T 3201 7F1BICHFR/NERFIIR C2RITRGNEMEIRE A EMHE L 7=, AR
ik, FENEREEOBAOEEZRAMEICEELTVWEEEBLEBEEB LEFILICHI>TWS, MA
T. A#RIAETILODP (Ocean Drilling Program) IZ & 2#EBIE (Fryer et al., 1990) iBEMBET %AW
7o RIS (Kamimura et al., 2002) % [TLADW6500] Ik 257 (FER - fth, 1995) 7 & DERAIGH
BHAEREINTEY., ZhOBLIFEMEBLE LTERSNTWEERLNTWS, LA >T, SEDH
EREN NS OIEEBLOEKICEEYT 2 NHEEAART 2 L TEERT —Y LR 20EMENH 2,
CDBFEEDERT—YIEMLRKIE. HEBRESOM, T7HYT LA HRBERK10,600 cu.in. (§
173.70 v ML) . T7HYVEMEES2000 psi (14 MPa) . T7HYBHEE10m. ZIRAMMR3.125
m AN)—=—4—TIERMEEI2mM. AN)—=F—4 —TILOF ¥ RIE1920, > 7)) v JRERE2
ms., SCHERIFIBWTH 2, BEREIN TV IREEMERELLE T 2. ZIRBEREN1/2~1/412EH
<. CMP (Common mid point) BIf@HX<RETEZ %, ZDEH. MEORWT—IHRBTELIGE. &
BT )7y I Eamiciifen, <47 L—a vPEET 4 IL9 R EEBABDOKRIFNEIZIESICR)
RWMICERT A EPEFEING, £/, TT7HYTLAIAHTEHL4EBEDIT7HY HSER S iztuned
arrayCH Y, MBAEMICIEIINEX TIAMSTECHIIERETHEAL TE L IHhvhw] O1.35F & 4%,
AERTIE. HLDHW] OHMEREL AT LOBEABNT 2 & HIC. FRNERIGUELMSETRES
NEREEHEZRET —YICDOVWTHRET %,
HEE: THhvoW] BEARHEZERLAZZEEIXZMARIM EBFMERRBBEEFIEL Y4 —ORFRE
DERISES BEFBRL EIFE T,

F—U— N REDEMERE, EETA VTV T FRONERRN
Keywords: seismic reflection survey, spatial aliasing, Izu Bonin forearc
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Characterization of earthquakes in terms of high frequency seismic
signal durations, velocity and acceleration amplitudes

R’ RE
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Hara (2007a, EPS) developed a magnitude formula, referred to as M, ,, (Hara, 2013, SSJ), in which high
frequency seismic signal durations and maximum displacement amplitudes measured from tele-seismic P
waves are used. Hara (2007b, EPS) showed that tsunami earthquakes were characterized by longer high
frequency seismic signal durations and smaller displacement amplitudes. Since there exist events which
are not tsunami earthquakes that have similar characteristics, it is difficult to distinguish tsunami
earthquakes only by the above observables.

We investigated a possibility to characterize tsunami earthquakes by high frequency seismic signal
durations and maximum velocity and acceleration amplitudes. The dataset consists of waveform data
recorded at the GSN stations in the epicentral distance range between 30 and 85 degrees for large (the
minimum M, is set to 7.2) shallow events that occurred between 1994 and May 2015, which were used to

revise the M_, . formula.

hdd

We show that tsunami earthquakes are characterized by longer high frequency seismic signal durations
and smaller velocity and acceleration amplitudes more clearly than in case displacement amplitudes are
used. This suggests a possibility to distinguish tsunami earthquakes through simple measurements of high
frequency seismic signal durations and velocity and/or acceleration amplitudes.

F—U— K ERME. SRKEERRGIERE

Keywords: tsunami earthquake, high frequency seismic signal duration
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Application of the simple technique to estimate subsurface structure
with sloped engineering bedrock to microtremor array observation
records
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Regarding a long-continuous civil engineering structure such as a railway structure, the geological profile
under the structure is not identical and the significant difference in geological property within the limited
area possibly induce unexpected seismic behavior in the structure. To ensure the reliability in seismic
safety evaluation, the ground property at an objective site should be estimated with appropriate
resolution.

As one of the simple and easy techniques to estimate the representative velocity structure, the H/V
spectral ratio (RH/V) is widely used, which requires only one observation point. The predominant period
(TH/V) of RH/V likely indicates the resonant period of the objective ground. The representative thickness
of the subsurface layer can also be identified if the shear wave velocity is known.

The technique, however, theoretically supposes that the layers are flat and spread infinite as same as
most of the methods. In other words, the applicability to irregular ground, e.g. the engineering base
surface is steeply sloped, is uncertain.

In recent study, Zhang et al. (2015) proposed the estimation technique using only vertical records of two
observation sites. It has not only the same advantage as the H/V technique with respect to the simplicity
but has the potential to extract the amplification characteristics generated by the sloped bedrock surface.
The technique is based on the theory that the cross-spectral density function between two sites for each
component can theoretically be shown as the function of three factors: the energy density of the waves
Es, the wave number k, and IOG for the corresponding sites and components. Needless to say, the
imaginary part of Green function (IOG) is closely related to the amplification characteristics of the
objective site.

Using these theory, Zhang et al. focused on the power-spectral density function of respective sites A and
O for the vertical component, SAA(w) and SOO(w), and took the ratio of them to eliminate the unknown
factors Es and k. They showed the predominant period (TIOG) of the ratio of IOGs (RIOG) reflects the
geological profile of the two sites by numerical study using two layered model, the layer boundary of
which is linearly sloped.

However, the applicability of the technique to actual microtremor data was still unclear, because not only

the subsurface structure is more complicated in actual site but observed microtremor data inevitably
includes various types of noise, and these facts necessarily effect on RIOG in some way.
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To confirm the applicability of the technique using RIOG to actual data, we conducted microtremor array
observations over the ground surface, the bedrock surface of which is considered to being steeply sloped,
and evaluated the subsurface structure using RIOG and RH/V. With respect to RIOG, we focused on the
difference between TIOGs (ATIOG) which was calculated for the different pair of RIOG, to evaluate the
relative difference in thickness of the subsurface layer between the two sites.

Although both RIOG and RH/V basically seemed to be complicated, the following states were found; It is
difficult to find the corresponding peak to the engineering bedrock from RH/V and there are almost no
differences between TH/Vs for different observation point. On the other hand, the ATIOG gradually
change with the location of observation points. These results indicate the applicability of RIOG to an
irregular ground.

A future work is to establish the method to estimate absolute thickness of surface layer. It is necessary to
investigate the relationship between ATIOG and the amount of change in the depth of

sloped-engineering bedrock by numerical study.

F—0— K REBE, U —EINES. EEHSRE

Keywords: Irregular ground, Imaginary part of Green function, estimation of velocity structure

©2017. Japan Geoscience Union. All Right Reserved. - STT59-P0OS8 -



