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利用時序方法研究
日本311地震震前的地殼變形

大綱

• 台灣的地殼變形觀測

• 地震前的地殼變形研究(Chen et al., 2011)

• 時間異常轉換至空間異常(Chen et al., 2013a)

• 震前地殼變形與地下水(Chen et al., 2013b) 、電磁異
常之耦合

• 日本Tohoku地震震前地殼變形異常

• 結論
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Figure 1 - Image of episodic tremor and slip. Garry Rogers and Herb Dragert, 
Episodic Tremor and Slip on the Cascadia Subduction Zone: The Chatter of Silent 

Slip, Science Express on 8 May 2003 and Science 20 June 2003:, Vol. 300. no. 5627, pp. 
1942 – 1943, DOI: 10.1126/science.1084783.

GPS stations in Taiwan

Total = 386
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Case study

Chen et al. (2011), Surveys in Geophysics
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Comparisons among the FFT、WT and HT

Fourier Wavelet Hilbert-Huang

Basis A priori A prior Adaptive

Frequency Global uncertainty Regional uncertainty Local uncertainty

Presentation Energy-frequency Energy-time-frequency Energy-time-frequency

Nonlinear No No Yes

Non-stationary No Yes Yes

Feature Extraction No
discrete : No

Continuous : Yes
Yes

Theoretical base Theory complete Theory complete empirical

Chen et al., (2011) Survey in Geophysics

The GPS reference 
station is location in 

Kimen, where is 
about 200 km away 

from the other 
stations

地震引起之地殼變形異常分析

雲林古坑地震
2006.3.9 M=5.1
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Median frequency and period of the IMFs 
in the EW component at the HOUL station

Chen et al. (2011), Surveys in Geophysics

IMFs Median frequency (Hz) Median period (day)

1 9.9249×10-7 11.7

2 8.4907×10-7 13.6

3 1.1127×10-6 10.4

4 8.6112×10-7 13.4

5 6.8018×10-7 17.1

6 4.4520×10-7 26.0

7 2.8028×10-7 41.3

8 1.8737×10-7 61.8

9 1.5120×10-7 76.5

10 1.0041×10-7 115.3

11 8.6075×10-8 134.5
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以方向取代位移量

Seismic rebound theory

雲林古坑地震的GPS殘餘運動方位角

EQ = 68th day
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EQ224

Chen et al. (2011), Surveys in Geophysics

EQ310

Chen et al. (2011), Surveys in Geophysics
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M7 屏東地震

Chen et al. (2011), Surveys in Geophysics

Chen et al. (2011), Surveys in Geophysics
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Event survey

名間地震
(2009.11.5 M=5.7)
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(2008.6.1 M=5.8)
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65days

54days

2006-2009 台灣地
區，20/32=63%
M5 以上地震，皆
可以發現類似現象
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地下水、地殼變形與地磁異常之耦合
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集集地震
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Appearance of Seismo‐magnetic anomalies

Chen et al., (Accepted) Hydrol. Earth Syst. Sci.
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Magnetic total
intensity station

3‐component
magnetometer

Chen et al., submitted
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Chen et al., submitted

Chen et al., submitted
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Chen et al., submitted

Conclusions
Pre‐earthquake dislocations & Conductivity enhancement

3.22 – 3.27
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2011 M9 Tohoku Earthquake
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‐90day ‐80day

‐30day
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65days

54days

http://www.earth.northwestern.edu/people/s
eth/research/sumatra.html

Hamilton and Shennan, 2005
DOI:10.1016/j.quascirev.2004.11.003

Wang and Zhao, 2005
DOI:10.1016/j.pepi.2005.06.010
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‐65day

‐65day

‐47day
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~2010.10
~2011.1

2011.3.11

~2011.1

結論

• HHT能截取FFT或WT可能無法發現的訊號

• 與可能物理機制比對確認訊號的來源

• 了解震前的地殼變形將有助於地震前兆研
究
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