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Summary of Research Interests

The principal aim of my work is the coupling between the solid Earth and the atmosphere with
attention to model and detect surface wave signatures in the ionosphere induced by both
Rayleigh waves and tsunamis. These perturbations are modelled by 1D normal modes theory, to
reproduce the acoustic waves coupled with Rayleigh waves, or by 3D finite-difference propagator
of internal gravity waves (IGWs), for the ocean-atmosphere coupling. In the latter the 3D approach
is imposed by the bathymetry dependence. Finally, the neutral-plasma coupling is done using the
acoustic waves and IGWs as a forcing term in a 3D ionospheric model.

Today my principal interest is focalised on the effect of extended source in the ionospheric
signature and in the propagation itself. In essence, more realistic methods to model the ground
displacement (like SE or HOPT) must be coupled with atmospheric propagation of seismogenic
acoustic waves. A similar approach has been done for the tsunami-IGW coupling and gave
interesting results [Occhipinti et al. 2006]. For the tsunami propagation the effect of extended-
dynamical source can induce primary improvement to better reproduce the GPS and altimetric
data (displacement and TEC).

     
Fig.1: Post-seismic perturbation induced in
neutral atmosphere by the Izmit Earthquake
(Turkey, 1999). Three different heights (50,
100 and 150 km, from bottom to top) and
three times (from right to left) are shown.

Fig.2: Tsunami-generated IGWs (a) and the response of the
ionosphere to neutral motion (b) to the Sumatra tsunami. In a the
normalized vertical velocity (

€ 

u ρ0 ) is shown in order to put in
evidence the perturbation at all altitudes. In b the electron density is
represented. The vertical cut in a and b is shown at –1° of latitude.

My work involves different aspects of the Earth-atmosphere coupling: the theoretical seismology,
in order to compute the post-seismic perturbation in the neutral atmosphere, as well as the plasma
physics to compute the answer of ionosphere to this perturbation. Finally, a part of my work is
concentrated on the detection of the ionospheric signature of surface waves (Rayleigh and
Tsunami) by remote sensing (GPS, altimeters, OTH Radars).

  Fig.3: OTH Radar Nostradamus (artistic view)



The modelling of post-seismic perturbations is also a useful tool in the planetary science. The
difficulties to study the Venus seismology can be, i.e., overcame observing the Venus
atmosphere and ionosphere. Indeed the spectrometer VIRTIS, boarded in ESAʼs Venus
express satellite, would be able to measure by airglow the temperature variation in the Venus
atmosphere. Using adiabatic approach, these atmospheric measures compared with synthetic
data will provide interesting information on the internal structure of the planet.

The instrumental part of my work is based on the using of the Nostradamus, which is a
experimental sky-wave HF radar made by ONERA under the sponsorship of the French Ministry
of Defence. Nostradamus is a new concept of Over-The-Horizon radar constituted of a monostatic
surface array that allows an azimuthal coverage of 360 degrees and an elevation beam forming
capability to sound the entire European continent.

In order to model the Doppler answer of the OTH radar to ionospheric perturbations induced b y
surface waves, I developed, in ray theory approximation, a code of electromagnetic wave
propagation in a 3D heterogeneous plasma covering an ellipsoidal Earth (WGS84). This tool
models the radar answer to ionospheric perturbations; moreover, it could be exploited as a direct
problem in the ionospheric tomography by OTH radar (work in process). The ionospheric
tomography interests several domains of external geophysics such as the space meteorology but
it is for us a good method of offshore tsunami detection. For that, we hope that it will be integrated
in the warning system network.
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