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This investigation is devoted to the main TEC features’ analysis prior to the near the East Coast
of Honshu (Great Tohoku), Japan , M 9.0, March 11, 2011 05:46 UT / 14:46 LT, (38.297°N, 142.372°E),
D 30 km earthquake. To estimate pre-earthquake TEC variations we have built differential TEC maps
relative to the quiet background conditions. We used global ionospheric maps (GIM) of the TEC provided
by the NASA in IONEX format as the initial data for processing. The background TEC values
(i.e. undisturbed conditions) were calculated as 7-days UT-grouped running observations’ medians before
the current calculation moment.

To reveal main features of the TEC relative disturbances before the M 9.0 Great Tohoku March 11
earthquake we analyzed TEC disturbances (%) maps for March 08-11, 2011 (see also [1]). As it follows
from the maps, on March 8, 2011 anomalies took place as positive structures along the parallel and
situated both sides of the geomagnetic equator. Those anomalies existed during 04 UT /13 LT —
20 UT /05 LT, spatially occupied up to ~20°x~25° (latitude x longitude) reaching values from >40% up
to >60% in Northern hemisphere; and up to ~15°x25° (latitude x longitude) reaching magnitudes from
~30% up to >50%; they firstly were formed at the near-epicenter areas, then their magnitude increased.
During 08 UT /17 LT — 12 UT /21 LT the anomalies spread out along the parallel at both hemispheres,
occupying a larger region. There is a strong tendency to fulfill the equatorial ionization (Appleton)
anomaly from 12 UT /21 LT, and from 18 UT /03 LT one can see a completely formed unite positive
structure occupying ~30°x25° (magnetic longitude x magnetic latitude) and up to 60% by magnitude. The

TEC anomaly comprised an ellipse-like region with the earthquake round its borders. That disturbances
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are stronger in Northern hemisphere, the terminator and subsolar point income trigger the reduction
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of the anomaly up to its’ almost full destruction. The forms of the anomaly are kept rather stable,
the magnitude initially grows, then stays constant or slightly decreases until the sunset terminator come.
The passages of the sunrise terminator and later of the subsolar point degraded the TEC anomaly and led
to its almost full decay in the case of March0Q9, i.e. on the day of the M 7.2 March 09,
02:45 UT / 11:45 LT earthquake (happened at nearly the same exact positions of the M9 March 11) and
the M6.5, (6.022°S, 149.659°E), 21:24 UT/06:24 LT earthquakes. On March 10, 2011 during
10-14 UT / 19-23 LT some strong positive disturbances that moved from high-to-low latitudes existed.
We attributed them to the geomagnetic activity.

Therefore we may conclude that the most pronounced anomalies happened on March 8, 2011 during
04 UT — 20 UT in form of TEC increases. The TEC anomalies kept the following features: 1) local long-
living TEC increases near the earthquake near-epicenter and magnetically conjugated areas. These
anomalies do not propagate along the meridians’ direction. The amplitude of plasma modification reaches
the values of >40-60%. 2) The vertical projection of the epicenter position does not coincide with
the maximum phenomenon's manifestation location. The structure and spatial sizes of the disturbed areas
are kept rather stable. 3) There are effects related to the modification of the ionospheric F2-region
equatorial anomaly. 4) There are strong subsolar point and terminator-related effects. We also compared
our results for this EQ with Xu et al. [2] investigation. The results are in agreement, but a few minor
discrepancies exist: they speak nothing about terminator and subsolar point-related effects; some minor
differences in TEC magnitudes and lifetime. We expect this is because paper [2] analyzed TEC deviations
in absolute units (hamely, TECu) and used different sliding window size (27 days) to calculate the TEC
quiet background variation.

There are a few channels of penetration of the earthquake preparation processes’ impact
through the underlying neutral atmosphere into ionosphere: 1) wave channel including AGW;
2) electromagnetic channel. It should be noted that each mechanism does not prohibit other channels
of penetration and combined action is possible, but authors usually expect one channel to dominate and
make major deposit into anomalies’ formation. A discussion may be found in, e.g., in [3-5, 6-8].

Namgaladze et al. [6-8] consider that the most probable reason of the NmF2 and TEC disturbances
observed before the earthquakes is the vertical drift of the F2-region ionospheric plasma under
the influence of the zonal electric field of seismogenic origin. In the middle latitudes the upward
electromagnetic drift, created by the eastward electric field, leads to the increase of the NmF2 and TEC
due to the plasma transport to the regions with lower loss rates of dominating ions O" in the ion-

molecular reactions. The electric field of the opposite direction creates negative effects in NmF2 and TEC.
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In the low latitude regions the increase of the eastward electric field leads to the deepening of the

Appleton anomaly minimum (“trough” over the magnetic equator in the latitudinal distribution of
electron concentration) due to the intensification of the fountain-effect. Numerical simulations [6-9] using
3D time-dependent Upper Atmosphere Model [10-13] showed that additional eastward electric fields of
about ~1-4 mV/m in case of the low-latitudes and ~4-10 mV/m in case of the mid-latitudes are required to
produce the observed TEC disturbances. They exceed the background quiet fields (of about 0.2 and
1 mV/m, correspondingly), but they are noticeably smaller than the quiet high-latitude electric fields
of magnetospheric origin (15-25 mV/m) obtained in the model calculations. Model simulated
seismogenic electric fields’ magnitudes agree with satellite observations, rocket measurements of large
intense electric fields in the E layer of ionosphere and ionosonde data-derived electric fields’ estimations
as well as with recent other authors’ simulations.

This electromagnetic [ExB]-drift mechanism naturally explains 1) the magnetic conjugation
of the reported anomalies, 2) terminator and subsolar point-related effects, 3) Appleton anomaly
modifications, 4) the linkage of the anomalies to the fixed geo-position, 5) and life-time of the anomalous
phenomena. Nevertheless, the origin of these seismo-induced ionospheric electric fields’ disturbances
is still under heavy discussion. The most often debated electromagnetic mechanisms relay on idea of local
(regional) change of the resistance of the neural atmosphere column over the epicenter area (due to radon
or other radioactive gases injection [3] or near-Earth impact of so called “positive holes”[14]) and

corresponding appearance of the vertical electric current.
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