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Building an operational model for near-real-time detection and assessment of natural hazards from the ionosphere

Large offshore earthquakes (EQs) can generate strong tsunamis with devastating consequences for coast populations. EQs are traditionally monitored using their seismic signature that can be recorded at the ground to provide timely alerts. However, assessing an EQ’s tsunamigenic potential is a difficult task with distant seismic data. Fortunately, seismic energy can couple to the ocean and atmosphere and propagate up to high altitude in the ionosphere (~200-400 km altitude) as acoustic and gravity waves. Such waves reach the ionospheric altitudes at about 8 min (acoustic waves) or 15-60 min (gravity waves) carrying information about the source that generated them. The exploitation of this information in acoustic and gravity waves could enable the retrieval of source parameters and assess the tsunamigenic potential of an EQ from the ionosphere by using GNSS-sounding methods.

The main aim of this PhD Thesis is to develop the first ionosphere-based system of near-real-time detection and assessment of natural hazards. The main instrument to be used is Global Navigation Satellite System (GNSS) that allows to measure total electron content (TEC) up to 500-600 km of away from a receiver. Considering that a modern GNSS receiver can capture signals from 20-35 GNSS satellites, then one GNSS receiver provides 20-35 observation points, including over the water. This opens new possibilities for ionospheric GNSS imagery of seismically active areas. 
This work will involve 1) development of methods of automatic detection of ionospheric disturbances generated by EQs and tsunamis; 2) analysis of the features (e.g., amplitude, arrival time) of the near-field co-seismic ionospheric disturbances and inversion of the seismic source parameters; 3) analysis of ionospheric signatures of tsunamigenic earthquakes; 4) development of novel machine learning–based methods of detection of ionospheric disturbances driven by EQs and tsunamis.
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