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Detection of three-dimensional crustal movements due to the 2011 Tohoku Earthquake
from TerraSAR-X intensity images
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Abstract

: Two pairs of pre- and post-event TSX images taken both in ascending and descending paths were used to detect

three-dimensional (3D) crustal movements which were caused by the 2011 Tohoku earthquake. First, two sets of two-dimensional
(2D) movements were detected by the authors’ proposed method. Then the 3D movements were calculated from two sets of
detected movements in a short time interval, according to the observing model of a SAR sensor. The method was tested on the
TSX images covering the Sendai area, and its result was compared with the GEONET GPS observation records.
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Fig. 1. Study area along the Pacific coast of Tohoku, Japan
including 5 GPS stations (a); the pre-event TSX image taken on
Oct. 9, 2009 (b) and Oct. 26, 2010 (c); the post-event TSX
images taken on March 29 (d), and April 1 (e), 2011.
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Fig. 2. Detected 2D displacement vectors in each sub-area from
ascending and descending paths, respectively (a), and estimated
3D displacement vectors (b), overlapping on the color
composite of the pre-event TSX images.
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Table I. Comparison of detected crustal movements in five sub-areas surrounding the GPS stations by the proposed method and the GPS records, to
the 2D and 3D detections (unit: meter).

GPS station/ Rifu Sendai Miyagi-kawasaki* Natori* Watari
Component E N V4 E N V4 E N V4 E N V4 E N V4
GPS 3.73 -0.87 2.97 | -0.65 — 2.77 | -0.49 — 3.66 | -0.72 — 3.26 | -0.62 —
i.]s) TSX | 3.44 | -0.95 — 2.74 | -0.69 — 246 | -0.59 — 347 | -0.66 — 3.08 | -0.54 —
Error | -0.30 | -0.082 — -0.23 | -0.04 — -0.31 | -0.10 — -0.19 | 0.07 — -0.18 | 0.08 —
GPS 2.64 | -0.71 — 241 | -0.54 — 2.15 | -0.43 — 2.79 | -0.65 — 242 | -043 —
2 TTSX | 321 | 069 | — | 258 | 058 | — | — | — | — | 269|038 — | 267 067 —
Error | 0.57 0.03 — 0.17 | -0.04 — — — — -0.10 | 0.28 — 0.25 | -0.24 —
GPS 3.34 -0.86 | -0.28 | 2.77 | -0.61 | -0.14 | 2.56 | -0.52 | -0.16 | 3.36 | -0.77 | -0.22 | 2.96 | -0.54 | -0.21
3D | TSX | 3.36 | -0.84 | -0.06 | 2.68 | -0.65 | -0.04 — — — 3.19 | -0.59 | -0.20 | 2.93 | -0.64 | -0.11
Error | 0.02 0.02 0.22 | -0.08 | -0.04 | 0.10 — — — -0.17 | 0.18 | 0.02 | 0.03 | -0.10 | 0.10

*indicates the first GPS record after the observation resumed.




