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能登地方の地震

Crustal deformation monitoring by GSI

■Emergent analysis
・Responding to natural disasters such as earthquakes 

and volcanic activities

箱根山
長野県北部の地震

鳥取県中部の地震

北茨城の地震

十勝岳

北海道胆振東部地震
吾妻山

霧島山

口永良部島

硫黄山

桜島

熊本地震
M6.2(前震)

余効変動

草津白根

福徳岡ノ場

硫黄島

西之島

Earthquake

Volcano

Eruption

New finding: precursory inflation of eruption

Kobayashi et al. (2018)

New finding: unknown graben faults

Witness to birth of a remote volcanic island

L-band SAR Excellent !



Earthquake/volcano observation by InSAR (ALOS-2) WORLD [2014- ]

2016/8/24 Italy

2015/9/16 Chile

2015/4/25 Nepal

2018/2/25 Papua New Guinea

2016/11/13 New Zealand

2016/2/6 Taiwan

2018/2/6 Taiwan

2015/7/3 Yilkiqi, China

2015/12/7 Tajikistan

2016/4/17 Ecuador

2018/4 Kilauea

2018/8/5 Lombok

2019/7/6 California

2019/12/9 New Zealand

2020/1/12 Philippine

2023-09-28 Morocco

2023-02-06 Turkey

2017/11/12 Iran-Iraq

2023-09-19 Mexico
2022/9/17 Taiwan

2018/9/28 Sulawesi

2022/6/21

Afghanistan

2022/1/15 Hunga

Tonga-Hunga Ha’apai

2021/8/14 Haiti

2021/5/22

Nyiragongo

2021/5/21 China

2020/10/30

Turkey and Greece



Crustal deformation monitoring by GSI

■Regular analysis
・Monitoring nationwide surface changes

mid-/long-term volcanic deformation, subsidence, landslide etc.

©JAXA

ALOS
only focus areas

©JAXA

ALOS-2
nationwide monitoring

Improvement of nationwide monitoring by 

InSAR time series analysis
5

① Time evolution of deformation

② Improvement of measurement accuracy

Since the launch in 2014: ~9 yrs

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

20-30 images have been accumulated all over Japan
It’s time to do time series analysis using ALOS-2



Use for volcanic crustal deformation monitoring

→ improvement of detectability of slow-progressing 

deformation

Volcano monitoring Nationwide monitoring

From local (volcano) to total national land

アトサヌプリ
雄阿寒岳・雌阿寒岳

大雪山
十勝岳

樽前山
倶多楽
有珠山

北海道駒ヶ岳
恵山

岩木山

八甲田山
十和田
秋田焼山・八幡平
岩手山
秋田駒ヶ岳鳥海山

栗駒山 蔵王山
吾妻山
安達太良山
磐梯山

草津白根山
浅間山
焼岳
御嶽山 箱根山

伊豆大島
三宅島

硫⻩島

霧島山
桜島
薩摩硫⻩島
⼝永良部島

諏訪之瀬島

雲仙岳
阿蘇山 鶴⾒岳・伽藍岳

由布岳

～2020 20222021

GSITSA (ver2)

Development of 

software for 

ALOS-2 time 

series analysis 

“GSI-TSA(Time 

Series Analysis)”
Jun. 2022 Hokkaido area

Jan. 2023 East Japan

Jun. 2022 Jan. 2023

Mar. 2023 All areas are available
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40 active volcanoes

The Coordinating 

Committee for Prediction 

of Volcanic Eruption 

Contribution to evaluation 

of volcanic activity

Sequential release from the north

Introduction of InSAR time series analysis to GSI’s routine operation



Laplacian smoothing（temporal） - ABIC/CVSS-based hyper-parameter search

∇：Laplacian operator
κ：hyper-parameter

weighted-LSM - coherence-based phase standard deviation
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GNSS-based correction for spatial long-
wavelength noise removal of coseismic step

Merging images

Simultaneous estimate (LSM) 

of displacement speed & 

coseismic step

before after

A B A B

before after

① InSAR image after 
tropospheric/ionospheric 
noise reduction

② GNSS-estimated 
deformation model

③ = ① - ②

removal of plate motion-produced motion

① ② ③

removal of coseismic step

profile along A-B
profile along A-B

discontinuity
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InSAR

Noise reduction

GSISAR
Tobita et al. (1999)

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

- Ionospheric-noise reduction by Split-

spectrum method Wegműller et al. (2018)

Pre-processing

Phase Optimization

GSITSA
- GNSS-based correction for spatial long-

wavelength noise
Kobayashi et al. (2011), 

Tobita et al. (2005)

- Unwrapping by MCF method Costantini (1998)

Kobayashi et al. (2018)

- phase optimization by SBAS method Schmidt & Bűrgmann (2003)

temporal smoothing

removal of coseismic step

Displacement rate (each orbit path)

Post-processingMerging images

Displacement rate (Ascending/Descending)

Conversion of components

Displacement rate (quasi-EW / quasi-UD)

Fujiwara et al. (2000)

Software development



Press conference

8

Press release
From JAXA From GSI

NHK Nikkei (newspaper)

Covered by many media

Publication of Nationwide deformation monitoring map（March 28, 2023）



Routine analysis

北海道

アトサヌプリ 雌阿寒岳 雄阿寒岳 大雪山
十勝岳 樽前山 倶多楽 有珠山 北海道
駒ヶ岳 恵山

本州

岩木山 八甲田山 十和田 秋田焼山 八幡
平 岩手山 秋田駒ヶ岳 鳥海山 栗駒山
蔵王山 吾妻山 安達太良山 磐梯山 草津
白根山 浅間山 焼岳 御嶽山 箱根山

伊豆諸島

伊豆大島 三宅島 硫⻩島

九州・南⻄諸島

阿蘇山 雲仙岳 霧島山 桜島 薩摩硫⻩島
⼝永良部島 諏訪之瀬島

Detection of 
local deformation
after an eruption

Detection of 
local deformation
after an eruption

Time evolution of slow-
progressing deformation
Time evolution of slow-

progressing deformation

Estimate of 
pressure source

Estimate of 
pressure sourceEstimate of 

UD & EW disp.
Estimate of 

UD & EW disp.

Open to the public on GSI’s map
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Expert committee (The Coordinating 

Committee for Prediction of Volcanic Eruption) 
Contribution to evaluation of volcanic activity

Routine 

submission

Up-Down East-West 

Volcano monitoring



LOS (line-of-sight)

（Ascending orbit）

LOS (line-of-sight)

（Descending orbit）

quasi-UD quasi-EW

4 types of displacement rate map

Spatial resolution: ~90 m

Total SAR images
（2014～2022）

～1,500

Total InSARs
～6,400
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Analysis by GSI from ALOS-2 raw data of JAXA

Release (28th Mar. 2023): Nationwide InSAR time series analysis



①

⑤

③

②

④

⑥ ~ 4 cm/y

subsidence

UDsubsidence

Nationwide regular monitoring for Earthquake, Volcano, Subsidence , Landslide

Earthquake UD

⑥

~ 1.6 cm/y

subsidence

Analysis by GSI from ALOS-2 raw data of JAXA

⑤

volcano

①

subsidence

~ 2 cm/y

landslide
②

~ 2 cm/y

Eastward motion

UD EW

③

UD

~ 2 cm/y

Upheaval

EWlandslide

~ 2 cm/y

Westward motion

④

⑦

⑧

⑨

⑧

subsidence
UD

~ 2cm/y

Subsidence

~ 2 cm/y

subsidence UD

⑦

⑩ ⑨

volcano UD

~ 3 cm/y

subsidence

landslide EW

~ 2 cm/y 

Westward motion

⑩

volcano UD

~ 1 cm/y

subsidence ⑪

⑫

landslide EW

⑪

⑫

~ 1 cm/y

Eastward motion
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down/west up/east

displacement rate [cm/y]

Gallery: examples of detected deformation



Comparison with leveling data

Disp. rate（UD）
Feb. 2015 – Mar. 2022

●benchmark

Tokyo 

Bay

Comparison with leveling (5 yrs.)

Difference between SAR & leveling [cm/yr]Correlation 
coefficient

Benchmarks
Max. diffMin. diffSTDAverage

0.8-0.20.10.20.96458

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

＜Validation in Boso Pen. ＞
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SAR-derived displacement rats（cm/yr）

SAR-derived time history 
on UD motion
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down up

displacement rate [cm/y]



L-band high-frequency observations:  simulation of ALOS-4
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Trial observations of ALOS-2 for forthcoming ALOS-4
- High-frequency observations has been done for the Boso Peninsula since 2021

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

~1 month in the shortest interval

High freq.
Regular obs.

Transient deformation can be measured more clearly

Path 124

Compact GNSS (campaign: 2021-)

GSI GNSS CORS

Tokyo 

Bay

-3 3

Boso

Peninsula

Far Near

LOS displacement rate [cm/y]



available on GSI Maps

for Volcano

for Landslide

for Subsidence

aerial photo volcano map geological map benchmark

together with various geospatial information

Display tool: 
profile, time history
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Available in the near future

Toward nationwide monitoring tool



InSAR time series analysis is a core monitoring tool, and will develop with ALOS-4

✓Nationwide ground deformation: available on GSI Maps

✓Development of InSAR time series analysis which is suitable for nationwide 

monitoring

✓Capable of measuring displacement rate of several mm/yr to -1cm/yr
✓Analysis on GSI web maps

①profile ②time history ③overlay with geospatial information

Toward further improvement

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

ALOS-2
3-4 observations 
per year

20 observations

Obs. frequency
5 times

©JAXA
ALOS-4

©JAXA

The observation frequency will grow fivefold!

Follow-on satellite ALOS-4

High-frequency obs. is effective for detecting transient deformation
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