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* Introduction
e Tectonic background in Japan.

* Two main techniques for monitoring crustal
deformation: GNSS CORS and InSAR

* Monitoring consecutive deformation with GNSS CORS
* Semi-Dynamic geodetic reference frame of Japan
* Detecting coseismic displacement with InSAR
* An example: the 2016 Kumamoto Earthquakes
e Detection of displacement, Source fault modeling
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e Japanislocated on an area
where four active plates are
colliding.

e Subduction rates are 8.5 cm/yr
for Pacific plate, 2.5 cm/yr for
Philippine sea plate, and 0.9
cm/yr for Eurasian plate relative
to North American plate.

e Such active plane tectonics
makes the country continuously
deforming and prone to
earthquakes and volcanic
activities.

\ 2. 5 cmlyr 8.5 cmlyr
PHILIPPINE SEA ™~ o
PLATE | —_—

e Crustal deformation monitoring
Martin et al. (2012) is essential to maintain geodetic
reference frame.
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Two techniques for monitoring o o TN o I D
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GSI of Japan is monitoring crustal deformation of Japan with two

techniques; GNSS CORS network (GEONET) and SAR interferometry
(INSAR) of ALOS-2.

INSAR of ALOS-2

Toward Away from
Satellite Satellite

-2 9 6 -3 0 3 6 9 12
Displacement betwee d ground (cm)
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| GNSS CORS network
- GEONET -

Analysis by GSI from ALOS-2 raw data of JAXA
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GNSS Earth Observation Network System
ﬁﬁ z;eosvara%:mua;»%mo:fy i * GNSS continuously operating
1= = | 4 E ; reference stations (CORS)
T 1. v covering Japanese archipelago
e for surveying and crustal
deformation monitoring.
“ e Founded in 1994.
e 1318 stations (As of July 2017).
e Average spacing between
stations about 20 km.
- A * Precise coordinate time series at
s each CORS station.
o 3 « Powerful tool for both
' monitoring secular crustal
deformation and episodic
Minamigorishim3 coseismic displacement.
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GEONET station
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GEONET station “Tsukuba” at GSI headquarters
and an antenna and equipment

Stainless steel pillar (5m tall)
Chokering Antenna

Clinometer and thermometer
Dual frequency receiver
(GPS, QZS, Galileo, Glonass)

24-hr observation
1-sec and 30-sec sampling

1-Hz real-time data transfer for
crustal deformation monitoring
and N-RTK services

Both IP/VPN real-time and
mobile phone communication
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Secular deformation by plate tectonics
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e Secular crustal deformations
have been observed by GEONET.

* Length of a baseline between

east and west coast regions is
decreasing at the rate of about
10-20 mm/yr.

* The pattern of deformation is

Baseline length (mm)

not simple because of
complicated tectonics.
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Monitoring with GEONET
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Horizontal absolute displacement vector
map detected by GEONET coordinate time
series from 1997 to 2017

GNSS CORS offers precise
coordinate time series at each
station.

Dense GNSS CORS network

provides precise displacement
field.

GEONET covers the whole area
of Japan with 20km average
spacing.

Precise displacement field of
Japan has been monitored
monitored with GEONET since
1994.

Page 8



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

Technical Seminar Reference Frame in Practice

%,
£ Y
\IC_G

kS

I AE uf‘%:‘zp% '.

| e
7

29-30 July 2017

Kobe, Japan

How to model crustal deformation

T T 17T T I 77

- —» Deformation at CORS station

37°

1) Cumulative crustal deformation is calculated

from coordinate time series at each CORS

station (average spacing 20km)

GEONET station

2) Deformation is estimated for each 5km grid
by interpolating the deformation at each CORS

anywhere in the country by interpolating the

3) Users can estimate crustal deformation
estimated deformation at the grids.

4) The cumulative crustal deformation is

updated once a year.
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Cumulative deformation from GEONET
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Semi-Dynamic datum of Japan
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e GSI has developed cumulative crustal deformation model from GEONET and
utilized it for maintenance of geodetic reference frame of Japan.

e Geodetic reference frame of Japan is Semi-Dynamic datum.
» All positions are described as positions at reference epoch.

* Reference epoch is 1997/01/01 (Hokkaido and West Japan) and 2011/05/24
(West Japan)

e Semi-Dynamic correction is a method to align epoch of surveying to reference
epoch. (Correction values are updated once a year)

Position at

reference epoch

Position at
this year

Crustal deformation

Position caused by plate motion etc.

[ -

Cumulative
deformation
= Correction value

n

Reference Epoch
(1997/01/10 or 2011/05/24)

This year Time

(2017)

Ve

~

Flow of Semi-Dynamic correction —
Positions of CORS at reference epoch

__7 Add correction value to

positions of CORS

Positions at CORS at this year

S =
GNSS positioning of new points

< =

Positions of new points at this year

J
Remove correction value

from positions of new points

Positions of new points at reference epoch
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List of large earthquakes in Japan caused

, * Japan has experienced a number
large crustal displacements

of large earthquakes.

1995.1.17 Kobe EQ (M7.2)

* Some of the earthquakes caused
2000.10.6 Tottori EQ (M7.3) large coseismic and postseismic
2003.9.26 Off-Tokachi EQ (M8.0) displacements up to several

meters.
2004.10.12 Niigata-Chuetsu EQ (M6.8)

* Positions of control points need

2007.3.25 Noto peninsula EQ (M6.8) .
to be revised as prompt as

2007.7.16 Off-Chuetsu EQ (M6.8) oossible in order to support
2008.6.14 lwate-Miyagi EQ (M7.2) rehabilitation and reconstruction.
2011.3.11 Off-Tohoku EQ (M9.0) e (S| detected the displacement
5014.11.22 Nagano EQ (M6.7) with GEONET and InSAR and

revised positions of control
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‘Example: Coseismic displacement
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The 2016 Kumamoto EQ (M7.3)
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 The sequence of strike-slip earthquakes occurred in Kumamoto ’5«

prefecture on 14-16 April 2016.

* GSl promptly calculated coseisimic displacement from GEONET.
* |In addition, GSI conducted InSAR analysis of SAR satellite of Japan,

ALOS-2.
Horizontal dlsplacement detected by GEONET
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Monitoring by InSAR sy i AT
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 GNSS CORS are powerful tool to detect precise displacement at stations.

* InSAR is also powerful tool to detect detailed special distribution of displacement even in
the area without CORS.

e GSlis monitoring ground surface with INSAR images of ALOS routinely (4~6 a year).

* GSlalso conducts emergency INSAR analysis of ALOS-2 once events occur.

& w """""""
“v», 0y :““‘n
%5 0 25 50km
e . - e T
y ~ [ h9e -
. - A [_)fplaojmer-.?het;ien :atelli(:e anj grojnd (:i)
e - Analysis by GSI from ALOS-2 raw data of JAXA Kaikoura Earthquake (NEW Zealand)
Routine analysis covering the whole country Emergency analysis for catastrophic events
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‘Coseismic displacement by InSAR

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame |n Practlce

K n f
obe, Japa IHI 4@: &«}CG é
G‘ — UN-GGIM -AP % ‘f’

29-30 July 2017 pyA

 ALOS-2 has left and right looking observation capability and can observe ground surface
from multi directions.
 3-Ddisplacement field can be retrieved by combining observation from multi directions.

* For Kumamoto EQs, 3-D coseismic displacement filed was retrieved from SAR pixel offset
analysis of three independent SAR images.

2016/03/07 2016/04/18
z %

Analysis by GSI from ALOS-2 raw data of JAXA

Toward N Away from
Satellite Satellite

12 9 6 -3 0 3 6 9 12
Displacement between satellite and ground (cm)

g 3-D coseismic
displacement field
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3-D coseismic displacement field is retrieved from SAR pixel offset analysis of ALOS-2.

 The field reveals detailed spatial distribution of coseismic displacement.

e Although maximum displacement detected by GEONET is 75cm, the maximum
revealed by ALOS-2 is over 2m in horizontal and over 1m in vertical.

* An area of revision was identified from the 3-D displacement field.

3-D coseismic displacement field retrieved by ALOS-2 analysis

North-South Displacement East-West Displacement
TR ) ATAE A = P P i,

A

AR
3 -.\&\A \\\\\ "2"\2

o
(oA
West |
-200 0 ! 1' 200
Analysis by GSI from ALOS-2 raw data of JAXA

x Epicenters of the two foreshocks and mainshock
— Estimated active faults (HERP, 2013) Page 16
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* GSl developed earthquake source fault model from coseimic displacement field
constructed from GEONET and SAR analysis.
 Three source faults were estimated and consistently explain observed displacement.

32.9°-f

32.8"

32.7°

South-East dipping fault

326° : B bt .15 » _
130.5° 136.6’ 130.7° 130.8° 130.9° 131° 13147 131.2°
® Aftershock (JMA: 2016/04/14-05/11)

3D View West dipping fault

slip slip
Ion |tude Iat|tude upper depth length width strlke
[m]

Fault Al 130.996 32.878 20.0 12.5 4.1 6.96

BEMYP 130975  32.883 o 2 5.1 6.6 56 62 178 3.8 6.36 Page 18
130.807  32.770 0.8 10.2 13.0 205 72 176 2.7 6.65
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Volcanic activity caused displacement at Sakurajima volcano in 2015.
GSl retrieve 3-D displacement from four InSAR images from different observation directions.

INSAR images from four observation directions 3-D displacement field retrieved from InSAR and

@ b '3°"-°°T' b | 3 o P2 comparison between InSAR and GNSS
ey 1 ' f INSAR  GNSS
<) / > » Hor. Ver. Hor. Ver.
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Background nmageé::\ziil(l:?ps da: P'air3 ' ' e P'air4
. e
0 500 1000 1500 ﬂ
Toward  LOS displacement Away from ‘
satellite (cm) satellite 2 .
L B =
-12 -6 0 6 12 _—
.\‘ : \‘\ T‘.-
Morishita et al. (2016)
| » @
Estimation of 3-D deformation at each pixel from
four independent SAR images observed from

| Estimated vertical déformation by INSAR (ém)

different observing directions. X 2 .
-5 -10 -5 0 5 10 15
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e GS| is monitoring crustal deformation in Japan by
utilizing GNSS CORS network (GEONET) and InSAR.

* Secular deformation mainly caused by plate motions is
monitored and deformation model is developed from
GEONET coordinate time series.

* Displacements caused by earthquakes are also detected
by GEONET and InSAR and source fault models are
developed from detected displacement.

* Crustal deformation field is utilized for maintenance of
geodetic reference frame.

* Secular deformation model is utilized for Semi-Dynamic
Correction of geodetic coordinates.

* Coseismic displacement is utilized for revision of
geodetic coordinates of control points.
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