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Evaluation/Discussion .. -
(What’s going on? / What happened?) AdmlnIStratlve agency

[ Decision Making ]
- The Headquarters for Earthquake - Alert level

Research Promotion

- The Coordinating Committee for
Earthquake Prediction, Japan

- The Coordinating Committee for
Prediction of Volcanic Eruption

- setting no-go area

Response to Disaster
Local governments

Ordinary people

GSI’s web map

Academic study
Researchers

Survey
Local governments
Survey companies
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Crustal deformation monitoring by GSI L-band SAR Excellent!
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B Emergent analysis

- Responding to natural disasters such as earthquakes
and volcanic activities
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Crustal deformation monitoring by GSI
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B Regular analysis

- Monitoring nationwide surface changes
mid-/long-term volcanic deformation, subsidence, landslide etc.
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ép Improvement of nationwide monitoring by

_.« InSAR time series analysis

Regular obs.: 3-4 images per year available for InNSAR

Since the launch in 2014: ~9 yrs

20-30 images have been accumulated all over Japan
It’s time to do time series analysis using ALOS-2
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@ Time evolution of deformation
@ Improvement of measurement accuracy



Introduction of INSAR time series analysis to GSI's routine operation ©'E+X%=&Ek

GsiTsh werd

Use for volcanic crustal deformation monitoring

Development of — improvement of detectabmty of s|OW_progressing From local (volcano) to total national land
software for deformation .
ALOS-2 time
: : = . Sequential release from the north
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Contribution to evaluation
of volcanic activity
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Software development

INSAR

GSISAR

Tobita et al. (1999)

Noise reduction

- Tropospheric-noise reduction by NWM Kobayashi et al. (2014)

- lonospheric-noise reduction by Split-

' spectrum method

Wegmiiller et al. (2018)

Pre-processing

GSITSA

Kobayashi et al. (2018)

- GNSS-based correction for spatial long- Kobayashi et al. (2011)

wavelength noise
- Unwrapping by MCF method

Tobita et al. (2005)
Costantini (1998)

Phase Optimization

- phase optimization by SBAS method
temporal smoothing
removal of coseismic step

Schmidt & Bilirgmann (2003)

Merging images

Post-processing

Conversion of components

Fujiwara et al. (2000)

Kk2v?

Laplacian smoothing (temporal)
weighted-LSM
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G m = d| v: Laplacian operator
k : hyper-parameter

- ABIC/CVSS-based hyper-parameter search
- coherence-based phase standard deviation

GNSS-based correction for spatial long-
wavelength noise
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noise reduction
@ GNSS-estimate

®=-0-0

removal of plate motion-produced motion
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From GSI
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Volcano monitoring o B A IRERRER

Routine
submisgion . N
: ’ m m Expert committee (The Coordinating - . . ==
Open to t_he public on GSI's map ﬂ Committee for Prediction of Volcanic Eruption) Contribution to evaluation of volcanic activity
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Release (28t Mar. 2023): Nationwide INSAR time series analysis ® T E AR

Total SAR images
(2014~2022)

~ 1,500

Total InSARs
~ 6,400

4 types of displacement rate map

LOS (line-of-sight) ©  LOS (line-of-sight) = quasi-UD quasi-EW
(Ascending orbit) (Descending orbit)

Analysis by GSI from ALOS-2 raw data of JAXA

Spatial resolution: ~90 m 0



Gallery: examples of detected deformation @ E R
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Comparison with leveling data
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<Validation in Boso Pen. >

- subsidence area
- high-frequent ALOS-2 observations
- Continuous annual leveling survey

SAR-derived time history
on UD motion

LOS Displacement [cm]

| (Lon,Lat) = (140.28290, 35.67761 )

2015 2016 2017

T T T T

2018 2019 2020 ' 2021 2022

Comparison with leveling (5 yrs.)

Leveling-derived displacement rats

slope = 1.0546, correlation r = 0.9582
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-0.5 0 0.5

SAR-derived displacement rats (cm/yr)

Correlation Difference between SAR & leveling [cm/yr]

1

Betmelneii coefficient | Ave rage

STD

Min. diff

Max. diff

458 0.96 0.2
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0
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0.l

-0.2
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L-band high-frequency observations: simulation of ALOS-4 o ERRIRIR

Far Near Trial observations of ALOS-2 for forthcoming ALOS-4

- High-frequency observations has been done for the Boso Peninsula since 2021
~1 month in the shortest interval

X X - Available: 1) Long term leveling data 2) GNSS (continuous & campaign) data

LOS displacement rate [cm/y]

Transient deformation can be measured more clearly
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Toward nationwide monitoring tool

available on GSI Maps

for Volcano

together with various geospatial information

aerial photo

Display tool:
profile, time history
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v'Nationwide ground deformation: available on GSI Maps
v Development of InSAR time series analysis which is suitable for nationwide
monitoring

V' Capable of measuring displacement rate of several mm/yr to -lcm/yr

v Analysis on GSI web maps
Dprofile @time history @overlay with geospatial information

Toward further improvement

Follow-on satellite ALOS-4
The observation frequency will grow fivefold!

3-4 observations
per year

The more SAR images, the more accurate InSAR time series products

Obs. frequency
High-frequency obs. is effective for detecting transient deformation 5 times

20 observations
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