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Measurement of small crustal
deformation using PALSAR data

- My “activity report” for the past 6
years on InSAR TS studies -
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GPS Strain Rate
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How can we be sure about the

localized deformation?




GEONET sampling is too coarse to /
see the deformation localized
around active faults.
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Spatial sampling at a few km

http://www.hizumi.bosai.go.jp/pdf/report/H23/H23 3.3.pdf



Solution #2: INSAR TS analysis!
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Necessary conditions for the detection of
small displacements using
INSAR time-series analysis

Continuity of the satellite missions
Regular and frequent acquisitions
Data quality and acquisition stability

Bulk INSAR processing with a robust,
automated and reliable system

Method to solve for the time-series

Reduction of noise in each interferogram



Principal EO satellite missions



How have |/we done (with ALOS data)?

Continuity of the satellite missions
OK (5 yrs). More long-term missions like ERS-1 to 2 would be ideal.

Regular and frequent acquisitions

OK. More frequent acquisitions is favorable but prioritizing the

background mission was nice.
Data quality and acquisition stability

Excellent!

Bulk INSAR processing with a robust, automated and reliable
system

This became possible thanks to the quality of the products.

Method to solve for the time-series
Basic part of the algorithms are now mature. Improvements being

developed.
Reduction of noise in each interferogram

There is room for improvements.



Automated processing chain

More to be done



Automated INSAR processing
(w/Gamma)

No need to worry about different sensors

Automatic DL of raw data for PALSAR

Automatic preparation of DEM (DL, mosaic, crop)

Robustness was emphasized especially in focusing and
coregistration (trials w/different params and patches ->
the best one is chosen)

Bulk ifg processing for PALSAR (just specify the path,
frames, dates, the threshold baselines -> stack of ifgs
will be obtained)



A study on the atmos. noise reduction

General Observation Equation; ~ (Fukushima, FRINGE, 2071)

d = Ax
where x A1y A2y ey AN, UL, UDy ooy UN—1

d' = [dy,ds,...]: Unwrapped InSAR
an(n =1,2,...,N): Atmospheric and orbital noise in n-th SAR image

T |

u,(n=1,2,...,N —1): Incremental LOS displ. in n-th time interval

2N-1 unknowns
(<> rank(A) = N-1)

— for the time being, solve by
assuming no deformation

— N unknowns: solve with a
minimum norm condition




Synth. tests on atmos. noise reduction
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This may be useful for identification of noisy images.

—lrue

H

Estimation



Time-series analysis

® Small-baseline approach:
coded with matlab,
simultaneous estimation
of the phase ramps &
altitude-dependent phase

® StaMPS/MTI + post-processing:
Combination with GPS to obtain
spatiotemporal displacement field reliable
also in broad signals



My version of SB approach

+ Offset

+ artifact due to
DEM error

Solve for all of these simultaneously
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Dnoise estimated
except DEM
correction




2"d step: invert the corrected ifgs pixel-by-
pixel






Applications
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Kilauea, Hawalili
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Fairly consistent with GPS vertical
(RMS 1.6 cm)

® GPS
+ InSAR
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Land subsidence in Semarang,
Indonesia (analyzed by M. Arimoto)
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Baselines: Ascending and Descendin
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Velocity of quasi-vertical component
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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Profiles at Selected Points
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StaMPS
result

data: Envisat

Fukushima and Hooper, 2010



Long-
wavelength
trend and
topo-
correlated
phase
corrected
using GPS

Fukushima and Hooper, 2010



+ PCA to
get rid of
the
seasonal
signals and
see the
tectonic
signals

Fukushima and Hooper, 2010



Afterslip of the 2004 EQ




Summary

® Efforts have been made for measurements of small
displacements at various scales. This includes

® Automatic INSAR processing with robustness and

accuracy
Atmospheric noise reduction

Algorithm development to solve for the displacement
time-series (including post-processing)





