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Background of the research

This research is related to the general problem of lithosphere-atmosphere-
ionosphere coupling and especially to seismic influence on the ionosphere plasma.

While appearance of seismic and nonseismic phenomena related to earthquakes on
the ground is doubtless, a possibility of observations of seismo-associated effects in the
atmosphere and ionosphere is claimed sometimes as questionable. There are quite many
papers on satellite recordings of wave/plasma disturbances possibly associated with
earthquakes. The first report by Migulin et a. (1982), based on a few examples of
ELF/VLF bursts observed on board the Intercosmos-19 satellite above the epicentres of
large earthquakes, made a sensation in Russia at that time. The similar findings from other
satellites were followed (e.g. Parrot and Lefeuvre, 1985; Molchanov et al, 1993). In
addition, seismo-associated events in the satellite ULF magnetic observations, plasma
density and ion composition, and even in the fluxes of energetic particles were aso
reported. However, it is usua to refer to them as result of overoptimistic interpretation.
Indeed, it is practically impossible to estimate a reliability of such case studies and to prove
that events observed are not simply a coincidence in time of natural nonseismic wave
/plasma phenomena and seismic ones (see eg. reviews by Molchanov, 1993 and
Hayakawa, 1997).

Furthermore the mechanisms underlying in the seismo-ionospheric or seismo-
atmospheric effects are also unclear. It is recognized that direct penetration from the
seismically-active region neither electromagnetic fields (Molchanov et al., 1995) nor
quasi-steady electric fields (Pierce, 1976) cannot be very effective. Recently Molchanov
and Hayakawa (1998) have reported rather reliable evidence of seismo-associated
perturbations into the upper atmosphere from observation of VLF subionospheric signals.
They suggest gravity waves (GW) turbulence as agent of such a perturbation. However
the quantitative aspects of GW penetration from seismic source inside ionosphere and their
interaction with ionosphere plasma s not well understood.

On the other hand, study of seismicity and underlying processes could be
essentially improved by using the satellite methods as it happened with climate and
weather study when proper satellite information became available. Recently, slow tectonic
deformations after some great earthquakes have been analysed by Synthetic Aperture
Radar (SAR) installed on the special satellites (e.g. Meyer et d., 1996) and by GPS
technique (Calais and Minister, 1995). These remote-sensing efforts might be combined
with other effective satéllite recordings, first of al with on-board wave/plasma



measurements and radar sounding of density perturbations in the space between satellite
and ground. In future, these methods might be used for the creation of a global system of
earthquake forecast and prevention. However, to do so it is desirable to be sure that
atmospheric and ionospheric signature of the earthquakes exists indeed.

Some time ago Afonin et al. (1999) have shown that large data base (3 3500 orbits) is
needed for the reliable statistical analysis of correlation between satellite recordings of ion
density and earthquake activity. They found clear ion density-seismic activity correlation
only for the day conditions (10- 16 MLT), quiet magnetic condition (Kp < 3) and atitude
range around 500- 800 km. The results are rather puzzling and definite questions appeared
immediately: what are these special conditions (especialy due to atitude limitations in a
range of satellite heights from 500 to 2500 km) in which seismo-ionospheric influence is
efficient? Is it possible to explain it by seismic triggering of some unstable situation in the
ionosphere?

This defines the aims of the project proposed.

Expected Results

The present work is based on in situ Simultaneous measurements of ion density, electron
temperature and electric field fluctuations on board the 1K-24 satellite as well as wave and
plasma measurements on board the Aureol-3 satellite. 1K-24 was launched on Sept.28, 1989
into eliptic polar orbit (perigee 511 km and apogee 2497 km) with inclination angle 82.6° and
orbital period 124 min. The instrumentation allowed measuring both large-scale plasma
irregularities and small-scale turbulence. As aresult we can estimate the large-scale horizontal
plasmairregularities along with the data on small-scale turbulence distribution at the atitudes
500-800 km. In particular, we were able to observe very pronounced turbulence generation at
the outer slopes of the equatorial anomaly crests and compare them with the near equator
turbulence. For IK-24 we are going to produce a sophisticated processing of the satellite data
collected during two years of the regular observations starting from November 1989.

Furthermore we are going to use data of French satellite Aureol -3. It was alow altitude
satellite launched in 1981 (perigee 400 km, apogee 2000 km, inclination ~ 89 degrees) and
operated several years. It was devoted to the study of auroral zones but data have been
recorded everywhere along the orbit. Its scientific payload comprised wave and particle
experiments. The satellite was operated in two different modes: - a survey mode where reduced
data were recorded al around the Earth (for example filterbank are registered by the wave
experiment) and a burst mode above specific telemetry stations (waveforms are registered). The
data of this satellite have been saved and are currently available in a data base centre in
Toulouse (Data Centre of Plasma Physics).

We intend to perform a detailed theoretical analysis of our correlated observational results
and try to prove that appearance of large-scale and small-scale irregularities associated with
gravity waves from seismic source is possible as shows our preliminary analysis.

Expected contribution

The proposed project duration is two years. The results will be presented in the special
reports (twice each year), in the joined papers and final review.
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Reasons for choosing ISSI as implementation site

The Project suggested be based on the analysis and evaluation of existing unique data from
two spacecrafts and eventual integration with theoretical models which corresponds
directly to the ISSI goals. International team, involved in the Project, unifies European,
Japanese and Russian specialists who have extensive experience in the subject. It is
supposed to develop existing theoretical ideas as applied to concrete comprehensive
experimental data for the solution of afundamenta physical problem of lithosphere-
ionosphere coupling. The unique scientific environment offered by 1SSI, joint efforts of
leading international space science experts, as well as the world scientific information
availability provide the potential for a successful realization of the project.
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