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Abstract

Recent observations of the ionospheric disturbance prior to large
earthquakes suggests the possible prediction of large earthquakes based
on the precursory ionospheric disturbances. It was shown that the
seismic activity around the geomagnetic equator region could explain
the deviation, especially the increase even in the precursory period, of
the equatorial ion density enhancement from the seasonal/spatial
behavior and the seismo-ionospheric coupling is related to the
conductivity change between the lithosphere and the bottom of the
ionosphere in the vicinity of the seismic region. Meanwhile, the recent
progresses of machine learning algorithm and the computing power
enable the practical application of deep learning technology in the field
where complicated human thinking power is required such as board
game chess or ‘Go’ and even car driving. To investigate the feasibility
of earthquake prediction by deep learning algorithm applied to
precursory ionospheric disturbance, a recurrent neural network (RNN)
with long short-term memory (LSTM) unit as a building block was
utilized. As dataset for the ionospheric disturbance and earthquake
occurrence, we utilized the US Total Electron Content (US-TEC)
product and the earthquake database derived from the Preliminary
Determinations of Epicenters catalog of earthquakes provided by the
U.S. Geological Survey-National Earthquake Information Center
(USGS-NEIC), respectively. The US-TEC includes Kalman Filter data
assimilation model, driven by data from ground-based Global
Positioning System (GPS) dual frequency receivers. In this study, we
introduce the building block and structure of the deep learning
algorithm, and the preliminary results of applying the algorithm the
ionospheric disturbance data and earthquake time series as a training set
for the deep learning neural network.
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Figure 1: Conceptual Diagram of Earthquake Prediction by LSTM network trained
by US-TEC ionospheric plasma distribution map and USGS NEIC seismic activity
map as a training set.
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