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Target Region:
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DONET and Long-term Borehole Observatory

Dense Oceanfloor Network system for Earthquakes and Tsunamis

Tonankai seismogenic zone
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DONET is the real time mohltormg system for
Earthquakes and Tsunamls |

Real-time borehole
observation

Ground motion
sensing system




DONET Array with 51 Observatories
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DONET2 Construction




DONET has three main objectives

1) Early detection of
Earthquakes and Tsunamis

2) Contribution to Prediction Researches

3) Development of
advance ocean floor observation



Real time Inundation Simulation

using DONET data and Tsunami Database
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Early Detection of Earthquake and
Tsunami by DONET1/DONET?2
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The red parts show the DONET/DONET2 detects earthquakes and
tsunamis earlier than the land stations.



Off SE coast earthquake of Mie pref. o
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Red circles: Main shock and aftershocks (2016.04.01

11:39-17:05)

Dots: background seismicity (M>1.5, depth< 30 km,

2004.01.01-2016.03.31)

NIED F-net estimated that the event

had low angle thrust mechanism

n 1st April, 2016

Strong motion sensors
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This Earthquake with M6.5 occurred at around the plate boundary
for the first time since 1944 Tonankai earthquake.
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Activated VLF events

Very low frequency (VLF) events were activated

along a top of the plate boundary near the trough
axis from 374 April.

Crustal deformation was observed by borehole strain
meter (Araki et al., in this meeting) although there are
no aftershocks between the main shock and the VLF
eventregion.
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Strain on the plate

Itis suggested that the main boundary propagated
shock has an isolated single to the both direction/”  vL
rupture zoneon the top of the

incoming crust.
Af#€rshoc

The plate coupling is weak and arm i
the strain produced by the o ok
main shock extended to the distribution

north and the south.



Coupling of Nankai seismogenic zone

(JCG Dr. Yokota et al., Nature 2016)
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Simulation on recurrence of Mega thrust Eqgs.

Hydo and Hori (JAMSTEC)



Simulation on recurrence of Mega thrust Eqgs.

Hydo and Hori (JAMSTEC)



Motivation .

Various rupture patterns
of historical earthquakes
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What is the cause of various rupture patterns in
historical Nankai Trough earthquakes ?
Possible scenarios of the next earthquake ?

Quasi—-dynamic earthquake cycle simulations
based on the elastic static slip responses

and a rate- and state-dependent friction
Example distribution of friction parameter

Slab geometry
and discretization
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Size and recurrence time change by triggering of Nankai earthquake (EQ)
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M7.5 Hyuga EQ triggers Nankai EQ (earlier and smaller)

After triggered Nankai earthquake, “Next Larger EQ” occurs

after ~150 years: >Recurrence of Larger EQ ~ 450 years
(without triggering: ~350 years recurrence)
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Advanced Tsunami Simulation
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Prof. Asai Kyushu Univ.



Navigation in damaged environment
with EQ. and Tsunami  o: ran vnivermoiye
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Earthqguake and tsunami observation site in and around Japan

(At the time of the 2011 Tohoku Earthquake)

(O JMA earthquake network for warning ~ 60 km spacing 343 sites %
@ NIED Hi-net earthquake network ~ 20 km spacing 865 sites =
Universities earthquake network 260 sites p
@ Other institutions earthquake network 77 sites Off Tokachi 3 sites
R (JAMSTEC)
Tsunami meter 3 sites

g;ﬁ o Off Awashima 4 sites
(ERI)

Tsunami meter 2 sites

gFf Sanriku 3 sites
niv Tokyo.)

Data from these 3 stations were
not used. Ifthose data was
utilized, updated warning could
be issued 10 min. earlier.
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\ Seismic stations
Sagami Bay 6 sites Land area:1490 sites
NIED N
(NIED) Sea area: 55 sites

‘ Tsunami meter 3 sites
Tonankai 9 siteg
Off Hatsushima 1 sites \ !

(IMA) (JAMSTEC)

Off Kii only 10 of 20 sites Tsunami meter 4 sites nsufficient Off-shore observation

Tsunami meter 1 sites

at this moment (MEXT) Tsunami meter 20 sites in Oﬂ_‘l‘ohoku area/

Off Tokai-

©2016 S. Aoi NIED, Network Center for Earthquake, Tsunami and Volcano
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S'n et > eafloor Observation  etwork for arthquakes and sunamis along the Japan Trench

First dense real-time observation network in the ocean (6 segments & 150 obs‘ervgtq(ie*s)

- Total length of the ocean bottom fiber optic cable: 5,700 km. ,\60“%
- Covers the wide area of Japan Trench from Kanto to Hokkaido. o\g@
- At least one observatory in a source region of M7.5 earthquake. ¢ o‘{‘\x\/

- Nodes are planned to install every
- 30 km in a direction cross to trench
- 50 - 60 km along direction to the trench -

Objectives @ off Iwate-Aomori, -, /
Real time ocean bottom pressure measurements for the next- D
generation tsunami warnings which estimate coastal tsunami R [I
heights precisely . B off Miyagi-lwate (" ~ - -
Real time ocean bottom seismological measurements fora much ’ : el |
earlier JMA Earthquake Information. g oo R Y . &
Investigation of a large earthquake generation processin the A~ y f
vicinity of Japan Trench associated with subducting Pacific plate. ® O bﬁ Kie &7 e o
Investigation of ocean bottom crustal movements (vertical (I?uklusal':.i?n; ) e ' 4 Q°
component). o ©

DONET1 (in operation)
DONET2 is now constructed by JAM

Authority of those two networks will




S-net subsystem (network segment)

Landing _ Station]
Station A Data Center ' Station B

High voltage power supply
from both end of a cable

Redundancy by
bidirectional transmission

Submarine Flber-Optlc

Cables
Z>

L}
L

Earthquake and tsunami observatories: 25 sites
Average interval between observatories: 30 km
Total length of optical cables laid: 800 km

Landing stations: 2 sites

Lay cables and nodes beneath the
seafloor to avoid interference of
fishery activities (W.D. < 1500m)




Sensors Installed in Each Observation Node

]'_"":« J-.r mu —— Power supply
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Sensors | /I T | N ey | Optical amp. unit
/ — \ Communication unit
a o N[ . N
Tsunami meters Seismometers
(Depth sensors) — Observation use — Warning use
Low gain High gain Strong motion Quality control use
Pressure & Temperature +2G +0.06G +5G
10 & 100 Hz sampling Acceleration Acceleration Velocity
Seftrene dledk Gl 100Hz sampling 100Hz sampling 100Hz sampling
f t 24bit AD 24bit AD 24bit AD
5 _ * ﬁ , Tt &
Oow Ccu %
i filter -

Quartz type pressure sensor ! ! <

(Frequency output) Servo accelerometer Servo accelerometer Short period velocity seismograph
(Paroscientific, Inc.) (JA-511IA, JAE) (JA-511IA, JAE) (Natural frequency about 15Hz)
(OMNI-2400, Geospace Technologies

Broadband and high resolution

Acceleration & - ca. £2G
Temperature €@

10 & 100 Hz sampling -) Quartz type accelerometer F,

‘ lock (Frequency output)
Reference clock 60MHz (Quartz Seismic Sensors, Inc.
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Earthqguake and tsunami observation site in and around Japan

(At the time of the 2011 Tohoku Earthquake)

(O JMA earthquake network for warning ~ 60 km spacing 343 sites %
@ NIED Hi-net earthquake network ~ 20 km spacing 865 sites =
[ universities earthquake network 260 sites p
@ Other institutions earthquake network 77 sites Off Tokachi 3 sites
R (JAMSTEC)
Tsunami meter 3 sites

Off Awashima 4 sites
(ERI)

Tsunami meter 2 sites

f Sanriku 3 sites
®Univ Tokyo.)

Data from these 3 stations were
not used. Ifthose data was
utilized, updated warning could
be issued 10 min. earlier.
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Tsunami meter 3 sites

Off Boso 4 sites . . .
(Ma) Seismic stations

Sagami Bay 6 sites Land area:1490 sites
(NIED) .
Sea area: 55 sites

Off Muroto 2 sites K Tsunami meter 3 sites
- Off Tokai-
(JAMSTEC) N
Tonankai 9 siteg . R
| 4 Off Hatsushima 1 sites
Tsunami ites | (JMA) (JAMISTEC)
Off Ki only 10 of 20 sites| ~ Tsunami meter 4 sites nsufficient Off-shore observation

Tsunami meter 1 sites

at this moment (MEXT) Tsunami meter 20 sites in Oﬂ_‘l‘ohoku area/

©2016 S. Aoi NIED, Network Center for Earthquake, Tsunami and Volcano



NEXT network 1s under planning

Hydo and Hori (JAMSTEC)



Draft of N-NET(Under Budget requesting)
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Tsunami generated by landslide at seafloor
Turkey-Japan SATREPS Project
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Tsunami generated by landslide at seafloor
Turkey-Japan SATREPS Project
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Indonesia Sulawesi Island Earthquake and Tsunami Damage
Real time monitoring system is indispensable

2018 Sulawed earthquake J

Donggolag
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Magnitude Sigi b
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- =" Tsunami was Amplified by Bathymetric feature and
Land slide on Ocean floor?




Enhance of
international collaborations

| Internatlonal Collaboratlons are very
important for Ocean observing Technology
and Ocean Science
Especially, real time monitoring systems
and simulation researches are indispensable ®
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Towards Disaster mitigation
and
Natural disaster/
Environmental researches

Thank you for your attention



