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to any approximation by the use of classical 1onospheric models.

this work.

Abstract

Seismic signals are considerably amplified by earth neutral atmosphere and then revealed to remote sensing by their interaction with the 1onosphere. Such acoustic-gravity
waves are detectable ponctually after high magnitude earthquakes since the 1960s. Most recently, Total Electronic Content (TEC) extracted from GPS data gave the way to a
global visualization of the horizontal propagation of 1onospheric seismic waves. These are excited through a coupling mechanism between the neutral atmosphere and the
1onosphere that will be detailed here. Therefore the general equations of the magneto-hydrodynamics are reminded and the key 1onospheric parameters quantified, preliminary

From now on, after imaging seismic waves in the 1onosphere, challenging is the characterization of the seismic source, where coupling mechanisms between the solid earth
and 1ts atmosphere are involved. The study here 1s based on the TEC variations observed close to the source shortly after the earthquake that occured in the Tokachi-Oki region
(Japan) 1n 2003, September the 25th, by refering to the displacement mechanism described by [Yagi , Y., 2004]. A modelling of the horizontal and vertical propagation of
acoustic waves generated by three distinct sources distributed along a single fault are developped, and the preliminary results of the GPS data inversion tests are presented in
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Fig.1 : Coupling mechanisms involved consecutively to an earthquake.

Tokachi-Oki Earthquake : GPS ionospheric seismic wave imaging

The earthquake (Mw 8,3) occured at 19:50 UT and induced strong vertical ground motion. The epicenter
was located at 144,1°W-42,2°N (red cross, see on fig.2).

onospheric piercing points at 350 km (20h04m30s)  [TECU] onospheric piercing points at 350 km (20h05m00s)  [TECU] lonospheric piercing points at 350 km (20h05m30s)  [TECU]
T T T T T T T T T T T T

1000

1000

1000

800 - , 800 . 800 -

600 - 600 600 -

400 400 400

40.05
200 -

200 - 200

m]

D_

Range [km)]

0F

Range [km]
=)
Range [kr

_200 - —200}- -200

+-0.05

~400 |- -400 |

—400 F

-600 -600 - -600 -

800 -800 800

—1000 L I 1 1 1 1 -1000 L 1 1 1 1 1 ~1000 " L | L | L
-600 —-400 -200 0 200 400 600 800 -600 -400 -200 0 200 400 600 800 -600 —-400 -200 0 200 400 600 200
Range [km] Range [km] Range [km]

Fig. 2 : Time sequence of STEC at ionospheric piercing points for satellite PRN13. From TEC extraction
tool by [Crespon, F., 2007].
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The continuity equation (first hydrodynamic
equation) and the Maxwell equations are also
considered. @The energy equation (third
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Fig. 4 : Preliminary result of the GPS data inversion tests. Top left : TEC
data at ionospheric piercing points (IPPs). Top right : variance dependance ~ T'i8-60 Conversion relation and frequency dependance between
with the wavelength. Bottom left : TEC values at IPPs calculated from  Uncident acoustic wave (from neutral atmosphere) and the
inversion procedure. Bottom right : synthetic of the inversion result. resulting electronic density variation.
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Conclusions and perspectives:
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Basic inversion here supplies a first fit of experimental data. Current developments are considering a more realistic modelling of source
and atmospheric propagation of the synthetized acoustic waves. They will then account for dissipation and attenuation mechanisms
|| m' involving parameters such as viscosity, aiming to constrain more completely the parameters of the rupture process by a final inversion.
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