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Introduction 

There are many studies concerning precursory or co-seismic electromagnetic signals associated with 

earthquakes. In many cases, the signals are thought to be caused by piezomagnetic effect [1-4], or 

electrokinetic effect [5-8]. Recently, it has been reported that tsunami induced EM signals [9-11]. If an 

earthquake occurs during a period of geomagnetic storm coincidentally, the signals may be buried in the 

effect of induced fields, which seems to be difficult to detect them.  

The 2011 Tohoku Earthquake (M9.0) occurred on March 11, 2011. We obtained electromagnetic time 

series data at the Tohoku region during the period from Dec. 2010 to Apr. 2011. Since the earthquake 

occurred during a geomagnetic storm unfortunately, we need to remove the effect of induced fields to 

enhance detectability of the signals. In the present study, we propose an estimation of induced fields in 

electromagnetic time series data by using MT frequency response functions. We also present the result of 

analyzing the data by using the method. 

 

Method 

In the MT method, fluctuation in the natural electric field E(ω) and magnetic field H(ω) in 

orthogonal directions are related through an impedance tensor Z(ω) as follows: 

 

,         (1) 

 

where x and y correspond to northward and eastward directions, respectively. In the regular procedure of 

the MT method, the impedance tensor Z(ω) is estimated in the frequency domain.  

Let us suppose that the impedance tensor Z(ω) is already estimated by processing of MT method 

procedure, we can simply obtain electric field E(ω) from magnetic field H(ω) by using equation 1. The 

obtained electric field E(ω) should be indicated the effect of induced fields in the frequency domain.  
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When we take admittance tensor Z
-1

(ω) (inverse matrix of impedance tensor), equation 1 can be 

rewritten as follows: 

 

,                                         (2) 

 

in the same way, we can also obtain magnetic field H(ω) from electric field E(ω) from equation 2. Since 

the equation 1 and 2 are in the frequency domain, the time domain electric field E(t) and the magnetic 

field H(t) data have to be converted to frequency domain data. The time domain data can be converted to 

frequency domain data by using Fourier transform algorithm as follows: 

,                          (3) 

.                         (4) 

Frequency domain data can be converted to time domain data by using inverse Fourier transform 

algorithm as follows: 

,                      (5) 

.                      (6) 

To obtain an induced electric field Eind(t) from observed magnetic field Hobs(t) at any site, first, 

Hobs(t) is converted to Hobs(ω) from equation 6. After the conversion, Hobs(ω) is converted to Eind(ω) by 

using equation 1. Finally, we can convert the Eind(ω) to Eind(t) from equation 5.  

Induced magnetic field Hind(t) can be also estimated from observed electric field Eobs(t) from 2, 3, and 

6 in the same way. Since observed data is discrete and of finite length, we have to apply discrete 

equations to the real data when we operate those kinds of conversions. 

 

Data analysis 

The 2011 Tohoku Earthquake (M9.0) was occurred on March 11, 2011 at 05:46:18 UTC with the 

hypocenter located at 38.103ºN, 142.860ºE at the depth of 24km. MT continuous survey was conducted at 

MRM (Marumori town, Miyagi prefecture in Tohoku region) from Dec. 2010 to Apr. 2011. The data 

consists of five components (Ex, Ey, Hx, Hy, and Hz) with continuous 32 Hz sampling by using ADU07 

system manufactured by Metronix Geophysics. Typical period range of the magnetic coil sensors is from 
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0.001 to 10,000 periods under fine noise-free condition. We apply a high-pass digital filter with cut-off 

period of 6,500s due to the coil sensitivity and background artificial noise situation of the site. The 

observed data quality at the site is not good at around 1s period. Thus, we resampled the observed data 

from 32 Hz to 4s sampling with an appropriate anti-aliasing filter. To check the result of analysis, we also 

used reference magnetic data at four JMA geomagnetic observatories (MMB, KAK, CBI, KNY). Since 

the reference magnetic data are measured in 1s sampling, the data also resampled to 4s sampling. MT 

Impedance tensor at the MRM was estimated by using the robust code of BIRRP [12]. 

To confirm the method, we show results on the day when geomagnetic storm was dominant. 

Comparing observed with predicted electric fields, we found that the predicted data explains the observed 

data very well for both electric and magnetic fields. These results imply that the estimation of the induced 

fields is successfully fulfilled induction and this method is very useful for the estimation of the effect. 

Hx residual electric fields at MRM, KAK, and CBI do not show significant variations before the 

origin time of the earthquake. However, MMB show a positive rising anomalous variation of 

approximately 2 nT, and MRM show a negative obvious variation of approximately 4 nT at the 

earthquake occurrence time. The remarkable variation of each site of MMB and MRM starts from 

approximately 20 minutes before and continue to the arrival time of the earthquake. The variation at the 

MRM where the closest site of the epicenter of the earthquake shows the dominant, which suggests that 

the variations is thought to be a signal associated with the earthquake. Note that the predicted Hx from the 

electric fields at the MRM do not show such a significant variation, which implies that the variations 

appear in only magnetic fields that may be caused by piezomagnetic effect. 

 

Conclusions 

We attempted to estimate the effect of induced fields in the time series data by using MT frequency 

response functions. The estimations of induced electric and magnetic fields are successfully predicted by 

using the method. After correction of the effect of induced fields at the MRM and reference magnetic 

stations, obvious variations are detected before and after The 2011 Tohoku Earthquake. These results 

suggest that this method can be used as a powerful tool for detecting of signals associated with 

earthquakes on time series data. 

 

References 

[1.] F. D. Stacy, The seismomagnetic effect. Pure Appl. Geophys., 58, 5-22, 1964. 

[2.] J. Zlotnicki and J. L. Mouel, Possible electrokinetic origen of large magnetic variations at La 

Fournaise volcano, Nature, 343, 633-635, 1996. 



EMSEV 2012  

Gotemba Kogen Resort, Gotemba, Japan 

October 1–4, 2012 

Abstract 5-07 

[3.] Y. Sasai, Tectonomagnetic modeling on the basis of linear piezomagnetic effect, Bull. Earthq. Res. 

Inst. Univ. Tokyo, 66, 585-722, 1991. 

[4.] Y. Nishida, Y. Sugisaki, K. Takahashi, M. Utsugi, H. Oshima, Tectonomagnetic study in the eastern 

part of Hokkaido, NE Japan: discrepancy between observed and calculated results, Earth Planets 

Space, 56, 1049-1058, 2004. 

[5.] H. Mizutani, T. Ishido, New interpretation of magnetic-field variation associated with Matsushiro 

earthquakes, J. Geomagn. Geoelec., 28, 179-188, 1976. 

[6.] L. Jouniaux, J. P. Pozzi, Laboratory measurements anomalous 0.1-0.5 Hz streaming potential under 

geochemical changes: Implications for electrotellureic precursors to earthquakes, J. Geophys. Res., 

102, 15,335-15,343, 1997. 

[7.] M. A. Fenoglio, M. J. S. Johnston, J. D. Byerlee, Magnetic and electric fields associated with 

changes in high pore pressure in fault zones: application to the Loma Prieta ULF emissions, J. 

Geophys. Res., 100, 12,951-12,958, 1995. 

[8.] J. J. Simpson and A. Taflove, Electrokinetic effect of the Loma Prieta earthquake calculated by an 

entire-Earth FDTD solution of Maxwell’s equations, Geophys. Res. Lett. 32, L09302, 

doi:10.1029/2005GL022601, 2005. 

[9.] T. Mikumo, T. Shibutani, A. L. Pichon, M. Garces, D. Fee, T. Tsuyuki, S. Watada, W. Morii, Low-

frequency acoustic-gravity waves from coseismic vertical deformation associated with the 2004 

Sumatra-Andaman earthquake (M-w=9.2), J. Geophys. Res., 133, B12402, 

doi:10.1029/2008JB005710, 2008. 

[10.] N. Choosakul, A. Saito, T. Iyemori, M. Hashizume, Excitation of 4-min periodic ionospheric 

variations following the great Sumatra-Andaman earthquake in 2004, J. Geophys. Res., 114, 

A10313, doi:10.1029/2008JA013915, 2009. 

[11.] H. Utada, H. Shimizu, T. Ogawa, T. Maeda, T. Furumura, T. Yamamoto, N. Yamazaki, Y. Yoshitake, 

S. Nagamachi, Geomagnetic field changes in response to the 2011 off the Pacific Coast of Tohoku 

Earthquake and Tsunami, Earth Planet. Sci. Lett., doi:10.1016.J.epsl.2011.09.036, 2011. 

[12.] A. D. Chave and D. J. Thomson, Bounded influence estimation of magnetotelluric response 

function, Geophys. J. Int., 157, 988-1006, 2004. 

 


