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Geomagnetic field variations associated with the 2011 off the Pacific coast of Tohoku
Earthquake
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Geomagnetic field variations observed at 19 sites from December, 2010 to April, 2011 were analyzed to investigate signal
associated with the 2011 off the Pacific coast of Tohoku Earthquake that was occurred at 5:46 UT on March 11, 2011.

As a first step, we attempted to remove variations of main field and ionospheric/magnetospheric origin from the data which ar
uncorrelated to the earthquake. A procedure using a stochastic filter and one using a Kalman filter were tested resulting in larg
residual amplitudes at distant sites from a reference site. Log-term variations in the residual were relative to that of the referenc
data in the stochastic filter approach and that make it difficult to investigate a long-term variation associate with the earthquake.

The Empirical Orthogonal Function method (EOF, or also known as the Principal Component Method) was applied to the
data set. Data gaps shorter than 30 minutes were temporally filled in the EOF analysis so that a larger portion of the data we
analyzed. The time period used in the EOF analysis ranged from December 1, 2010 to March 11, 2011. Four (X, Y, Z and F) ol
two (X and Y) components were used.

Choices of the components or a small portion of the sites made no fundamental difference in the results. We briefly describ
our results below.

No particular dominant modes were seen in the eigen values of the covariance matrix.

Spatial distributions of the first and second modes suggest that these are in-pahse variations in the Japan region. The thi
mode shows latitude dependency in the Y component except the Chichijima observatory. Higher modes are dominated by a fe
components. Therefore, variations whose spatial scales are smaller than the Japan region are scattered in the higher modes.

The residuals is computed by removing the first and second modes from the data.

No unusual variations are seen at first glance before the earthquake occurred. A trend variation just before the earthquak
which is claimed in GPS-TEC variations, is subtle.

Three vector components at Esashi changed at the same time as the earthquake, but no changes are seen at 19km-apart M
sawa suggesting it is not of earthquake origin. The geomagnetic field at Kakioka slightly changed then, but effects of earthquak
tremors might be remained according to the observation record at Kakioka.

The geomagnetic field at the eastern Japan started to slowly vary just after the earthquake. It might be difficult to detect ¢
variation of mechanical origin out of this change, because Utada et al. (2011) and Zhang et al. (2014) showed the magnetic fiel
changes when the tsunami occurred off shore.

The F component at Kakioka increased with unknown cause before the starting time of the GPS-TEC variation of tsunam
origin.

The geomagnetic variations at most of the sites show variations at or after the starting time of the GPS-TEC variation of
tsunami origin and those variations seem to be consistent with the GPS-TEC variation.

No substantial variations in the Z component are seen when the tsunami arrived at the sites of Honsyu island. That at Chichijim
shows a clear periodic variation after 6:40 UT. A small variation caused by Tsunami induction may be seen in the F difference
between Kakioka and Kitaura.

As a rough summary, pre- and coseismic changes are not substantial and the variation of Tsunami origin is detected.
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