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Realistic Image of Earthquake Fault Detected by SAR: Nonplanar
Fault Source Modeling
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When any moderate to large earthquakes take place, we can now promptly learn
their origin time, location, and preliminary reports on the focal mechanisms.
However, since those seismic data are acquired at “far-field” from epicenters, they
assume a point source despite the actual earthquake rupture occurs in a finite
domain. Also, the hypocenter location inferred from seismic observation is often
distant from and deeper than the actual hypocenter. To overcome such issues,
near-field observations are critical, and satellite-based SAR observations do play a
critical role, revealing complex nature of actual earthquake rupture processes. Here,
we review our studies on co-seismic deformation observation and modeling derived
mainly from ALOS/PALSAR data with particular emphasis on the complex
geometry of real earthquake faults.
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Reality of Earthquake-fault Rupture Revealed by
SAR: non-planar fault modeling

v Importance of pixel-offset data
v’ Geometric complexity
v’ Multiple/conjugate rupture



Earthquakes we studied with PALSAR

2007 Noto

2007 Laos, Yunnan
2007 Kyrgyztan
2007 Chuetsu-oki
2008 lwate-Miyagi
2008 Wenchuan
2008 Yutian

2008 Dumxiang



Importance of pixel-offset data
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Pixel-offset data: Range & Azimuth data

Range offset Azimuth offset
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2008 Wenchuan earthquake (Kobayashi et al. 2009; Furuya et al. 2010)



It is important to correct for the fore—shortening
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Case study 1: 2008 Yutian (M7.1)



Furuya & Yasuda (2011)



15t Preliminary Fault model:

Top = Surface

5 :Strike 200 deg.

Mw=7.1 (M0=5.38 x 109 Nm,
rigidity=30 GPa)
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Triangular dislocation element
Chichi Earthquake, Taiwan (GPS)

Slip inversion using
rectangular element
discontinuities to model fault

Slip inversion using
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Fault Model ver

Strike slip (Left lateral)

Inverted from ALOS InSAR
(515) and Az. Offset data.

Moment magnitude Mw 7.04

. May 2010 (JpGU)

N !-. v »

ERER O #E

Dip slip (Normal fault)

JE(L17km

)



0.3

Misfit.

1.7

Cal.

Obs.

yvsSul /SOTV

-0.3
0.5

-0.3

0.5

19540

Y

-0.5

-1.5



Aftershock distribution (ISC)

'
4
7’
7’
4
,/
s



Fault Model: Furuya & Yasuda (2011)

Strike slip (Left lateral)

20 Tpverted from ALOS InSAR
(514, 515) , Az. Offset data and
Envisat InNSAR.

Moment magnitude Mw 7.1
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Case study 2: 2008 |wate-Miyagi
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GPS, InSAR, range- and azimuth offset data were inverted.



Observed (black) and Calculated GPS (white) from GPS-based
single-segment fault model
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Pixel-offset
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Significant misfit residuals from GPS-based fault model



Aftershock data: Courtesy of Group for the aftershock observations of the
Iwate-Miyagi Nairiku Earthquake 2008 (see also, Okada et al. 2012)



Observed (black) and Calculated GPS (white) from GPS-based
double-segment fault model
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Observed (left) and Calculated (middle) 3-D displacements

Obs (Ando & Okuyama 2010) Cal (Abe et al 2012) Residual



Summary

v’ Pixel-offset tracking plays an even more
important role than InSAR in order to map co-
seismic deformation of large earthquakes.

v We have to correct for the artifact caused by fore-
shortening over rugged terrain.

v’ Geometric complexity

v’ Multiple/conjugate rupture planes

v' We’re looking forward to the ALOS-2!
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