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plasma and electric field perturbations, and magnetospheric FLR eigenfrequency variations. First of
all, atmospheric temperature data confirm the injection, over the EE, of a clear co-seismic AGW
characterized by a ⇠7 km vertical wavelength. A concomitant (1 min after the EQ occurrence) vTEC
perturbation (vTEC00), characterized by a period of ⇠97 s, was identified with respect to its background.
Finally, a clear decrease in the magnetospheric FLR f ⇤ was found ⇠2 min after the EQ.

The same analysis was repeated ⇠6 h before the earthquake, corresponding to the time of
the CSES-01 satellite flying over the EE. Additionally, in this case, at ⇠6:00 UT, we detected an
AGW characterized by a ⇠3 km vertical wavelength. In addition, a vTEC perturbation (vTEC⇤),
characterized by a period of 112.3± 5 s, switches on at ⇠5:15 UT and vanishes at ⇠6:35 UT. The CSES-01
satellite detected an EM wave, at ⇠180 Hz, propagating upwards between the ⇠5:40 UT and the
⇠5:46 UT. Interestingly, the LAP on-board the satellite identifies anomalous density variations, r⇤,
characterized by ⇠70 s and ⇠110 s time periods. Lastly, a decrease in the magnetospheric f ⇤

was found ⇠5:43 UT. The observational scenario presented above can be explained in terms of a
Magnetospheric–Ionospheric–Lithospheric Coupling (M.I.L.C.) model, based on three causal steps
(see Figure 10):

Figure 10. Cartoon describing the basic components of the proposed M.I.L.C. model.

1. An AGW is generated around the EE, propagating through the atmosphere;
2. The AGW interacts mechanically with the ionosphere, creating a local instability in the plasma

distribution through a pressure gradient. Such plasma variation put the ionosphere into a
“meta-stable” state, giving rise, in the E-layer, to a local non-stationary electric current. This,
in turn, generates an electromagnetic (EM) wave.

3. The interaction of such EM waves with the magnetospheric field causes a change in the
eigenfrequency of the field line, whose ionospheric footprint is located over the radial projection
of the EE.

This picture is supported by the following mathematical descriptions. Starting from the general
equations of compressible, inviscid flow under a gravity field, in absence of external forcing,


