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Stagnant MSTID immediately before the 2016 Kumamoto Earthquake
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We examined if detectable ionospheric anomalies preceded the foreshgé&2)Mand the mainshock (J\7.0) of the 2016
April Kumamoto earthquake sequence, shallow inland earthquakes. We analyzed changes in ionospheric total electron conte
(TEC) using Japanese dense network of Global Navigation Satellite System (GNSS) receivers. We did not find anomalies of th
kind we often observe before larger earthquakes (in contrast, we found a typical one before the Mw7.8 Ecuador earthquake c
the next day of the Kumamoto mainshock). This supports the empirical relationship by Heki and Enomoto (2015) that sizes of
the preseismic TEC anomalies depend on Mw and background vertical TEC, but not on maximum seismic intensities. We foun
that a stationary linear positive TEC anomaly, with a shape similar to medium-scale traveling ionospheric disturbance (MSTID),
emerged above the epicenter “20 min. before the Kumamoto mainshock. Unlike typical night-time MSTID, it did not propagate
southwestward; instead, its positive crest stayed above the epicenter for 30 min. This unusual behavior may reflect crust-origi
electric fields, but further studies are needed to conclude.

Fig.1 (caption) The development and movement of an MSTID-like anomaly that appeared shortly before the Kumamoto
mainshock (April 15, 2016), shown by five-minute snap shots with GPS Sat.6. We drew five gray lines with 100 km separation to
visualize their propagation. Typical night-time MSTID should show southwestward movements of 80-200 m/s, but the positive
crest of MSTID on this night was stagnant above the mainshock epicenter (black star).
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