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	摘要(中)	地震造成生命以及人民財產的損失相當大，所以關於如何預測地震成為一項重要的課題。本研究主要是想探討地震與潮汐行為之間的互動，更加瞭解地震觸發的機制，希望可以進一步地提供地震預測的線索。潮汐效應對地震活動影響的研究已經有100多年的歷史，但它長期以來仍然倍受爭議。在本研究中，我們考慮了台灣、夏威夷和南加州分別從1973年初記錄到2008年末的地震目錄。我們使用經驗模態分解法(Empirical Mode Decomposition, EMD)分解非線性和非穩態的地震資料成數個分量，而這些分量可能會包含物理意義，這樣的特性方便我們找出可能的觸發來源。因此我們對拆解出來的分量做傅立葉轉換和希爾伯特轉換得到頻譜，從這些頻譜去詳細研究時間序例的特徵以求發現隱藏在數據背後的潮汐效應。之後為了提高訊號雜音比，我們還根據理論地球固體潮的相同位特性來疊加


每日地震數目的時間序列。希望在疊加後的頻譜裡，原本較弱的潮汐效應訊號會變得更加明顯。接著，我們比較未去餘震和2種已去餘震的地震目錄的結果差異，發現餘震效應並不會對本研究提出的時間序列分析方法有太大的影響。為了確定所得到的結果並非隨機，所以我們加入顯著性分析，將地震目錄的時間隨機打亂，再重新分析，結果得知這3個研究區域的信賴水準都在80%以上。綜合以上的研究結果，我們的研究顯示潮汐觸發效應會隱藏在地震發生時間的資料裡而且可以透過經驗模態分解法解析出來。也就是說，我們的結果指出月潮汐力可能是觸發地震的因素之一。



	摘要(英)	The tidal triggering effect on earthquake occurrence has been controversial for a long time. In this work, three catalogues of earthquakes occurring from 1973 to 2008 in Taiwan, Hawaii and Southern California regions are considered. Because earthquake data are nonlinear and/or


non-stationary, we propose an empirical mode decomposition (EMD)-based approach to analyze the temporal variations in earthquakes for investigating tidal triggering effect. The


original signal can be extracted into many components through EMD-based approach, which may contain different physical meanings. We then utilize spectral analysis on these components to study the tidal triggering effect. In order to increase signal-to-noise ratio, we apply stacking method to earthquake count time series based on inphase phenomena of theoretical Earth tides. We also compare non-declustered catalogue with two kinds of declustered catalogues. Finally, statistically significant tests are taken into account. In summary, our studies show that the tidal effect, particularly, the lunar tidal effect, is hidden in the raw earthquake occurrence data and can be extracted through the proposed approach. Namely, our results indicate that the lunar tidal force is likely to be one of earthquake triggering mechanisms.



	關鍵字(中)	
      	  ★ 經驗模態分解法
★ 地震活動
★ 地球固體潮
★ 潮汐觸發效應	關鍵字(英)	
      	  ★ empirical mode decomposition
★ seismicity
★ Earth tide
★ tidal triggering
	論文目次	中文摘要.................................................. I


英文摘要.................................................. II


謝誌...................................................... III


目錄...................................................... IV


圖目...................................................... V


表目...................................................... X


第一章 緒論................................................ 1


1-1 研究動機............................................ 1


1-2 文獻回顧............................................ 2


1-3 研究目的與內容...................................... 4


第二章 資料來源與選取...................................... 6


第三章 研究方法............................................ 17


3-1 經驗模態分解法...................................... 17


3-2 希爾伯特轉換........................................ 21


3-3 頻譜分析............................................ 23


3-4 疊加方法............................................ 25


3-5 顯著性分析.......................................... 26


第四章 結果與討論.......................................... 38


4-1 台灣地區的潮汐觸發效應.............................. 40


4-2 夏威夷地區的潮汐觸發效應............................ 47


4-3 南加州地區的潮汐觸發效應............................ 53


4-4 潮汐觸發效應隨機測試................................ 59


4-5 小結................................................ 60


第五章 結論................................................ 104


參考文獻................................................... 105



	參考文獻	Allen, M. W., The lunar triggering effect on earthquakes


in Southern California, Seism. Soc. Am. Bull., 26, 1936.


Beeler, N. M., and Lockner, D. A., Why earthquakes correlate weaklywith the solid Earth tides: Effects of periodic stress on the rate and


probability of earthquake occurrence, J. Geophys. Res., 108(B8),


2391, 2003.


Cochran, S. E., Vidale, J. E., and Tanaka, S., Earth tides can trigger


shallow thrust fault earthquakes, Science, 306, 1164-1166, 2004.


Davison, C., The diurnal periodicity of earthquakes, J. Geol., 42, 1934.


Fischer, T., Kalenda, P., and Skalský, L., Weak tidal correlation of


NW-Bohemia/Vogtland earthquake swarms, Tectonophysics, 424,


259-269, 2006.


Gardner, J. K. and Knopoff, L., Is the sequence of earthquakes in


Southern California, with aftershocks removed, Poissonian?, Bull.


Seismol. Soc. Am., 64(5), 1363-1367, 1974.


Hartmann, T., and Wenzel, H. G., The HW95 tidal potential catalogue,


Geophys. Res. Lett., 22, 3553–3556, 1995


Hartzel, S., and Heaton, T., The fortnightly tide and the tidal triggering of


earthquakes, Bull. Seismol. Soc. Am., 79(4), 1282-1286, 1989.


Heaton, T. H., Tidal triggering of earthquakes, Bull. Seismol. Soc. Am.,


72(6), 2181-2200, 1982.


Huang, N. E., Shen, Z., Long, S. R., Wu, M. C., Shih, E. H., Zheng, Q.,


Yen, N.-C., Tung, C. C., and Liu, H. H., The empirical mode


decomposition method and the Hilbert spectrum for non-stationary


time series analysis, Proc. R. Soc. Lond. A, 454, 903-995, 1998.


Huang, N. E., Wu, M. C., Long, S. R., Shen, S. S. P., Qu, W., Gloersen, P.,


Fan, K. L., A confidence limit for the empirical mode decomposition


and Hilbert spectral analysis, Proc. R. Soc. Lond. A, 459, 2317-2345,


2003.


Keilis-Borok, V.I., The lithosphere of the Earth as a nonlinear system


with implications for earthquake prediction, Rev. Geophys., 28(1),


19-34, 1990.


Kizhner, S., Flatley, T. P., Huang, N. E., Blank, K., Conwell, E., and


Smith, E., On the Hilbert-Huang Transform data processing system


development, Proc. IEEE Aerospace Conf., 1961-1979, 2004.


Knopoff, L., Earth tides as a triggering mechanism for earthquakes, Bull.


Seismol. Soc. Am., 54, 1865-1870, 1964.


Lambert, A., Kao, H., Rogers, G., and Courtier, N., Correlation of tremor


activity with tidal stress in the northern Cascadia subduction zone, J.


Geophys. Res., 114, B00A08, doi:10.1029/2008JB006038, 2009.


Lin, C. H., Yeh, Y. H., Chen, Y. I., Liu, J. Y., and Chen, K. J., Earthquake


clustering relative to lunar phases in Taiwan, Terr. Atmos. Ocean.


Sci., 14, 1-10, 2003.


Nasu, N., Kishinouye, F., and Kodaira, T., Recent seismic activities in the


Idu Peninsula, Bull. Earthquake Res. Inst., 9, Pt. 1, 22-35, 1931.


Palumbo, A., Lunar and solar tidal components in the occurrence of


earthquakes in Italy, Geophys. J. R. Astr. Soc., 84, 93-99, 1986.


Rai, V. K., and Mohanty, A. R., Bearing fault diagnosis using FFT of


intrinsic mode functions in Hilbert-Huang transform, Mechanical


Systems and Signal Processing, 21, 2607-2615, 2007.


Reasenberg, P., Second-order moment of Central California seismicity,


1969-1982, J. Geophys. Res., 90(B7), 5479-5495, 1985.


Simpson, J. F., Earth tides as a triggering mechanism for earthquakes,


Earth Planet. Sci. Lett., 2, 473-478, 1967.


Souchay, J., and Stavinschi, M., Study of the correlations between


long-periodic terrestrial tides and occurrence of earthquakes in the


Vrancea stie, Earth, Moon and Planets, 77, 105-124, 1999.


Stetson, H. T., The correlation of deep-focus earthquakes with lunar hour


angle and declination, Science, 82, 1935.


Tanaka, S., Ohtake, M., and Sato, H., Evidence for tidal triggering of


earthquakes as revealed from statistical analysis of global data, J.


Geophys. Res., 107(B10), 2211, doi:10.1029/2001JB001577, 2002.


Tanaka, S., Ohtake, M., and Sato, H., Tidal triggering of earthquakes in


Japan related to the regional tectonic stress, Earth Planets Space, 56,


511-515, 2004.


Telesca, L., Chen, C.-C., and Lee, Y.-T., Scaling behavior in temporal


fluctuations of crustal seismicity in Taiwan, Nat. Hazards Earth Syst.


Sci., 9, 2067-2071, 2009.


Tsuruoka, H., Ohtake, M., and Sato, H., Statistical test of the tidal


triggering of earthquakes: Contribution of the ocean tide loading


effect, Geophys. J. Int., 122, 183-194, 1995.


Vidale, J. E., Agnew, D. C., Johnston, M. J. S., and Oppenheimer, D. H.,


Absence of earthquake correlation with Earth tides: An indication of


high preseismic fault stress rate, J. Geophys. Res., 103(B10),


24,567-24,572, 1998.


Wang, J.-H. and Kuo, C.-H., On the frequency distribution of


inter-occurrence times of earthquakes, J. Seism., 2, 351-358, 1998.


Wenzel, H. G., Tide-generating potential for the Earth, Lecture Notes in


Earth Sciences, 66, 9-26, 1997.


Wilcock, W. S. D., Tidal triggering of microearthquakes on the Juan de


Fuca Ridge, Geophys. Res. Lett., 28, 3999-4002, 2001.


Wu, Z. H., and Huang, N. E., A study of the characteristics of white noise


using the empirical mode decomposition method, Proc. R. Soc. Lond.


A, 460, 1597-1611, 2004.



	指導教授	
      	  陳建志(Chien-chih Chen)
      	 	審核日期	2010-6-21
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
