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Numerical experiment for reduction of coherent noise included in magnetotelluric data
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In magnetotelluric (MT) surveys, the remote reference method (Gamble et al., 1979) has been widely utilized to reduce nois
included in observed data by calculating the cross-correlation between electromagnetic components at a local site and those a
reference site. However, it is difficult to remove coherent noise, which is correlated between the electromagnetic fields, beside
it is hardly distinguishable from the natural MT signal.

This study presents an attempt to reduce the coherent noise from observed MT data. The time-series data were transform
into the time-frequency data by means of continuous wavelet analysis. Following this, frequency-domain independent componet
analysis (FDICA) was applied to those data. Since the observed data are assumed to be composed of the MT signal, the coher
noise, and the incoherent noise, the time-frequency data were classified into the XY mode and the YX mode so that both inpt
and output of FDICA in each mode would have three components. The input data in each part of FDICA consist of electric and
magnetic fields at the local site and magnetic field at the reference site. Of the three output components (the separated signal
the separated signal indicating the MT signal was assumed to show the maximum ratio of cross power spectrum between itse
and the reference magnetic component to auto power spectrum, according to Negi et al. (2010). Regarding the remainin
two separated signals, we identified the one correlating highly with the local magnetic component as the coherent noise. Th
median of the absolute values of the signal was calculated, and the value during the noise-generated period was eliminat
if it exceeded the median. In the case where two separated signals other than the MT signal correlated highly with the loca
magnetic component, values of those two signals or the one which had higher correlation coefficient were eliminated so as not
change the ratio of reconstructed local electric to magnetic component drastically. After reconstructing the local electromagneti
components, they were divided into several fine sections along a time axis. The sections which had outliers of the off-diagone
components of the magnetotelluric impedance tensors were eliminated to remove the remaining coherent noise after conductil
FDICA. Lastly, apparent resistivity and phase curves were derived from the final magnetotelluric impedance tensor calculated b
above procedures and the remote reference method.

In this experiment, the observatory located in Kirishima City, Kagoshima Prefecture, and the Esashi Station of the Geographice
Survey Institute of Japan were used as the two sorts of local sites, while that located in Nishiwaga town, Iwate Prefecture, a
the reference site. We used 15-hour data sampled at a rate of 15 Hz and acquired at each site in January 2015. Coherent sqt
wave noise was added to all of the horizontal electromagnetic components of the data at the local sites. Each amplitude of tf
square wave noise was set randomly ranging from 1 to 5 times as large as the median of the amplitude of the corresponding re
time-series component.

As a result of applying the proposed method to the observed data mentioned above, the quality of the magnetotelluric spectra
both two local sites improved so greatly that the trends of their apparent resistivity became clearer. In the frequency band abov
0.01 Hz, especially, values of the reconstructed apparent resistivity were much closer to those before contamination. Thes
results verify that the effect of the coherent noise on the observed data was reduced by the proposed method.

Acknowledgement: We thank the Nittetsu Mining Consultants Co. Ltd. for kindly letting us use their continuous MT records
in Kagoshima Prefecture along with the reference geomagnetic records in Iwate Prefecture.
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