Seafloor geodetic observations
in the Japan Trench subduction zone

Ryota Hino
Graduate School of Science, TOHOKU UNIV.




2011 Tohoku-Oki Earthquake
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Strong ground shaking (intensity 7 in JMA scale),
causing severe damage in broad area

- —~

TN

- S

The 2011 Tohoku Earthquake Tsunami~ = inv

= Inundation heath : J
Joint Survey Group R

» -

o H& ,,‘_ — ""\

Epicenter

Tall tsunami (over 30 m) causing devastating
damage along the coastal area



Interplate earthquake in subduction zone

A subducting oceanic plate drags an overriding continental plate.
Shear stress builds up along the plate boundary until the stress level exceeds shear strength.

When the stress exceeds the strength, a sudden slip happens on the boundary to cause an earthquake
and a tsunami.
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Coseismic displacement by 2011 Tohoku-Oki Earthquake
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Earthquake & Tsunami
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Slip on a fault in the earth




Vertical coseismic displacement by
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Slip distribution estimated by geodetic observations

w/o offshore data With onshore data
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Principle of GNSS-A survey
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Two-way time
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Displacement time series

onshore GNSS vs offshore GNSS-A
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Causes of accuracy degradation in GNSS-A

T(t)=f(p,r),cy(2))+0F (2, p;,r?))
¥ ¥ GPS satellite (1)=/1 A

¥ Correction term §Fdepends also on

................ ., the positions of the ship and the transponders.
----------- e £ 2

. The trade-off between P; and sF is inevitable

in GNSS-A observations with limited ray coverage.




Ocean bottom pressure (OBP) observations

Changes in sea-surface level Changes in seafloor level
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Constituents of OBP records
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mean
~ 10° hPa

1 hPa ~1cmH,0

(oc depth of deployment)

Ap,(t)=Ap () +Ap,(2)+ Ap,(2)

geodetic non-tidal
signal fluctuation
~1 hPa ~ 10 hPa
Ap (1)
“* 77— ~10ppm
Ps

instrumental
drift
~ 10 hPa/year
+Ap,(t)+Ap ,(2)
tidal atmospheric
fluctuation  pressure
~ 100 hPa =0

(IB assumption)

Mar.

2011

Hino+ [2014]

—> Required resolution < 1 ppm (~ 1 mm)
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Slow slip preceding 2011 Tohoku-Oki Earthquake
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SSE detected by GNSS-A observation in 2015
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Possible size of SSEs in the Japan Trench

Scaling of slow events

. 5 5 4MW - B . SSEs previously detected by seafloor observations OBP
ottt O SSE starting Feb., 2011 [Ito+, 2014]
- slkntea L O Afterslip of the M7 foreshock of 2011 Tohoku Eq. [Ohta+, 2012]
By N %1 O Spontaneous SSE in Hikrangi, NZ [Wallace+, 2016]
— SSE in northern Japan Trench [Honsho+, 2019] GNSS-A

(duration was not constrained)

Possible SSEs in northern Japan Trench
Duration: ~ 10 days (based on tectonic tremor activity)
Frequency: ~ 5 events/year (based on tremor activity)
Estimated size: ~ M6+ (based on scaling relation)
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SSE detected by GNSS-A observation

(a) (b) . .
, . . : e Horizontal displacements of ~¥10 cm are expected to
10 fom Go2 © Go2
Raposing EAMnImNs et G, W - be detected by GNSS-A
: G0 . [mm .
a /] ‘\a.r" 1[5 0 =a ﬁ"g but are not convincing enough because
| i vl Yasenilr the sampling intervals are too coarse.
an3 2014 2005 2016
Ghs T T ™ Gb‘ T | S
39’ . : _=P1 . PO g . . e o e
008 o || =% | Systematic biases, if included, are difficult to
Asimuth 117 08" ¢ ! | W — . - o .
TS TS 7y TS [10en [1oen be identified from the coarsely sampled time series.
Go3 swu.guman GO4  SipMag 15054 om ot o smn?;a 3:‘5 et - “”’?3’43'5
East: 0.4 cmAyw I East -2 5 comiyr *&- g‘ gg’j; -08 g?; g :gﬁg |-7; gg
—.—4—1-" —___,éi. ‘--- i“? 1 .
¢ e
North: 05 cmiyr [:mm North: -0.3 ey [mm v - [
ye [ 1S 10cm
L . —p— * 2",_*-."f o ‘ o
+ Lo D 1.74 m Supion Sopekm AC || Mede Supioy Sy = Challenges:
e | D RS | s e .
2013 2004 2015 2018 2013 2014 20015 2018 ) ) } 4 162210, -1 . . o
GOS  sioug sauasen GOB sipueg 1603on  \—por—rg—ow —on— oo 1) Increase time intervals of repeating surveys
Eastodcy o || Esst - o] [ fo T m— 2) Reduce the chances of systematic biases
l‘\\ \ . E. . [(0(’\ s . —_—
North: 26 cmyr W Swpicr Shmwg G | wson supien ww?ﬁ.
+_,_.,I- 23 2 -237e84 = 2 24220 - 272
o 3' 13-76 31-1?31?1 '-w 2:3

|
2015 2016 2013 2014 mjs 2016 M3 e 205 016 2013 2004 2015 016



Improvement of detectability of SSEs by GNSS-A

Increase mobility by using unmanned vehicles Simultaneous estimation of sound speed heterogeneity
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Improvement of detectability of SSEs by OBP
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Improvement of detectability of SSEs by OBP
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Self-calibrating system for drift correction
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Summary

* The importance and effectiveness of seafloor geodetic observations
were proven by capturing various important aspects of the 2011
Tohoku-oki earthquake.

* Seismic slip monotonically increased towards the trench
e SSE preceded the main shock
e Postseismic deformation shows significant regional variations

e Efforts are underway to improve observation techniques to detect
smaller SSEs
* GNSS-A observation using unmanned vehicles
* New methods to reduce the noises due to oceanographic fluctuations
e Developing self-calibration pressure recorders



