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The disturbances of the electromagnetic field around areas of the earthquakes as preseismic events can occur few hours
or even few days before main shock. The payload of the DEMETER French microsatellite allows to measure waves and
also some important plasma parameters (ion composition, electron density and temperature, energetic particles) with
high temporal resolution in the ionosphere over the seismic regions. In the present work analysis of the low frequency
fluctuations of the electric fields for the selected strong earthquakes will be given. Special attention will be given to
study of the characteristics of the spectra of these variations and search of the nonlinear effects. This analysis is possible
in the time interval when the waveform has been transmitted. The mechanism of the energy transmission from the
earthquake to the ionosphere is not clear, but we can discuss the behavior of the ionospheric plasma and search of the
instabilities which could be a source of the electromagnetic field variations. Some attempt of this discussion will be
given in the presentation. The brief discussion of the characteristics of the spectra and multispectra is given in this paper

INTRODUCTION

The electromagnetic effects associated with earthquakes have been discussed for long time. There are many papers and
books discussing this problem and publishing observations originating from ground based observatories and from
satellites (see [1]-[5]). The French microsatellite DEMETER is the first satellite devoted mainly to study these effects
and it provides possibility to study globally the electromagnetic pre-seismic emissions using a set of experiments which
lead to get a more complete view of such phenomena. In the present paper the examples of the registration of these
effects are presented. We discuss the response of the ionospheric plasma for the disturbance originating with high
probability from the lithosphere. The cases which we selected for discussion are excellent examples for this kind of
studies. DEMETER satellite flew close to the epicenters of the earthquake many times in burst mode (high bit rate data
acquisition) and the geomagnetic conditions were very quiet during a period prior to the earthquake (K, < 3). There
were no external sources of disturbances. In these circumstances we can study the ionospheric disturbances over the
seismic areas and assume with high probability that the perturbations are generated by some factors having their source
at the hypocenter of the earthquake. The possible mechanism of the energy transport from the ground to the ionosphere
and the source of these disturbances are not discussed in details in this paper. The mechanism which could perturb the
ionosphere during earthquake preparation are rel

radioactive gas (radon), or propagation of acoustic- gravity waves. These mechanisms have been previously studied in
the literature (see for example [5] and references therein). The ionospheric plasma is unstable and can be very easily
disturbed and these disturbances can reach the nonlinear stage leading to the development of turbulence.

For our further discussion the wave form is necessary which is gathered only during burst mode. The coverage of the
burst mode for discussed events was good. The wave form registered in this mode of operation allows performing
wavelet and bispectral analysis which are relevant to study the properties of the observed disturbances of the
ionospheric plasma.
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EXPERIMENT

DEMETER is a low-altitude satellite (710 km) launched in June 2004 onto a polar and circular orbit which measures
electromagnetic waves all around the Earth except in the auroral zones. In December 2005, the altitude of the satellite
was decreased to 660 km. The ELF/VLF (Extremely Low Frequency/Very Low Frequency) range for the electric field
is from DC up to 20 kHz (ELF up to 1250 Hz). There are two scientific modes: a survey mode where spectra of one
electric and one magnetic component are onboard computed up to 20 kHz and a burst mode where, in addition to the
onboard computed spectra, waveforms of one electric and one magnetic field component are recorded up to 20 kHz.
The choice of the component is done by telecommand. The burst mode allows performing a spectral analysis with
higher time and frequency resolution. Details of the wave experiment can be found in [6],[7] and [8]. During the burst
mode, the waveforms of the six components of the electromagnetic field are also recorded up to 1.25 kHz.

METHODS OF ANALYSIS

What is a turbulence?

This question has no clear answer. The definition of the turbulence in the fluids, gases and plasmas is still under
discussion, but some essential features can be mentioned: many degrees of freedom (different scales), all of them in non
-linear interaction (cross-scale couplings), creating cascade of energy from bigger sizes (lower frequencies) to smaller
(higher frequencies). The sketch of this process is given in Fig.1. Main characterizations of the turbulence are related to
the shape of the power spectrum which has a broad band character and high order spectral analysis [9].
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Fig.1 Sketchy diagram of the energy transfer in the turbulence cascade, which is fundamental feature in the developing
of the turbulence.[9]

Wavelet Analysis

The traditional Fourier analysis is not relevant to study turbulence. The Fourier transform spreads information about the
localized features over all scales making it impossible to study the evolution of different scale structures
simultaneously. The important property of the wavelet transform is that the square of the wavelet coefficients can be
interpreted as local energy and their statistics is easy to visualize and understand.

The usefulness in studying the turbulence has been underlined by Farge [10] in the context of coherent structures. The
main advantage of using the wavelet transform is that it preserves the information about local features (e. g.
singularities) of the signal and allows reconstruction of the signal over a given range of scales. This property is of
particular importance in studying turbulence, which often shows coherent structures apparently related to nonlinear
processes. Extensive discussion of the wavelet transform, and its applications in turbulence can be found in a number of



books and review articles [11], [12]. Applications of the wavelet analysis to study turbulence in the space plasma were
discussed by [13], [14].
The complex Morlet wavelet which we used to analyze data discussed in this paper is represented by the following

function of time t and central frequency wy :
y(t) = expiwt - t2/2) - J2expwit - t2- uZ/4) @

The Continuous Wavelet Transform (CWT) of the signal x(t) is a convolution of the signal x(t) with the wavelet
function and the result of the integration over time in the infinity interval. Therefore, CWT is a function of the time shift
t and a scaling parameter a :

+ o
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- o
* denotes the complex conjugate.

Bispectral analysis
When we discuss the development of the plasma turbulence and cascade of the energy in the spectrum, the first step in
this cascade and the fundamental process which is involved is the 3- wave interaction.
The resonance conditions for these processes are:
T+ ¥= 3% €))

kit+k, = ks 4)

wher;e , &n d; arerthe wave frequencies and ki, k, and ks are the wave vectors of the interacting waves.
Verification of these conditions is possible using the so called bispectral analysis. This method for the studies of the
plasma processes was first proposed by Kim and Powers [15]. It allows finding the nonlinearly interacting wave modes
by computing the bispectrum of the signal which gives the information about phase coherence of these waves. The
bispectrum of the signal x(t) is defined by:

B(k,)= E[Xk X X1 *] (%)

where X is the FFT (Fast Fourier Transform) of x(t) and Xy, X, and X, are the spectral components at frequencies Kk, |
and k+l, respectively. E[..] denotes an averaging over the time interval.

A quantitative measure of the phase coherency may be obtained using the bicoherence spectrum which is defined in
terms of the bispectrum as:

2
b2 (k,I) = fim = BUDT
T- o T kal Xk+l (6)

where T is the time interval of averaging. The computer procedures for applications of the methods of wavelet and
bispectral analysis have been developed in the package SWAN [16]. We used them for the processing of the data
selected for this paper. These methods of analysis have been applied by authors of this paper earlier to study the
nonlinear processes in the magnetospheric cusp [17].

EXAMPLES OF OBSERVATIONS

In present chapter we give the examples of the registration of the electric field variations in the ELF range in the areas
around the epicenters prior to the earthquake. Selected events correspond to the clear situation, when the geomagnetic
indices are very low and no other disturbances of the ionosphere coming from the outer space could be expected.



First example originates from the set of registration over the epicenter of Japanese earthquake, which takes place on 23
October 2004 at 8:59 UT . The magni tude W=8B2Nbddepth7, t he
H=16km. Five days before the earthquake DEMETER registered strong enhancement of the wave intensity in ELF

range during closest approach to the epicenter. Projection of the satellite position on the orbit on the ground was in the

distance of 114km to the epicenter. Fig. 2 gives the spectrogram of the 3 components of the electric field variations for

3 minutes of registration (12:28-12:31) when the wave form was taken. Horizontal axis is a time, vertical- frequency

and color the intensity of the waves. The characteristic broad band emissions in the frequency range 0- 320Hz is seen.

The irregular character of these spectra 1strong variability in time- can be interpreted as one of the features of the

turbulence called intermittency.
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Fig.2 The spectrogram of the 3 components of the electric field variations for 3 minutes of registration (12:28-12:31)
when the wave form was taken registered 5 days before the earthquake in Japan. The earthquake takes place on 23
October 2004 at 8:59 UT . The magnitude was M=6.7, the position of the epicenter was & = 1 3 8f =38.2\,and depth
16km. Horizontal axis is a time, vertical- frequency and color the intensity of the waves.

The second example presented in Fig. 3 is associate with the earthquake close to Ping Tong in Taiwan region. The
position of the epicenter was f =21.8 N ; 1 =120.52 E, magnitude M=7.1 and the depth H=2km, main shock occurred on
26 December 2006 at 12:26 UT. This figure presents the wavelet spectra and corresponding bispectral of the electric
field variations in the ELF range during flight of DEMETER over the earthquake region one day before the main shock.
The distance between epicenter and projection of the satellite position was 350km. The wavelet spectra indicate as in
previous case strong variability in time, but also evolution of the position in the frequency of the maximum of the
intensity from lower to higher frequency (from 30Hz up to 300Hz). The bispectrum shown in left panel of Fig.3 gives
the information on the intensive interaction between waves with frequency around 100Hz and 200Hz, the value of the
bispectrum in this frequency range attains so high level as 0.75 what is indicator of strong 3 waves process being
fundamental process in the developing of the weak turbulence. All these facts are signature of the existence in this case
cascade of the energy in discussed frequency range. With one satellite (single point measurements) we can say nothing
more about developing of the turbulence.
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Fig.3 The bispectrum and wavelet spectrogram of the electric field variations registered one day to the Ping Tong
earthquake (for details see text).

Similar features of the electric field variations were found for the very strong earthquake in Eastern Sichuan province.
This earthquake took place on 12 May 2008 at 06:27:59 UT (14:27:59 LT) . It had the epicenter located at 30.12°N and
103.24°E . Its depth was 10 km and its magnitude M
geomagnetically very quiet (K, index did not exceed 3.). The analysis of the ELF emissions in the vicinity of the
epicenter has been performed for the time period starting on May 1* it means 11 days before the Sichuan earthquake. A
weak increase of the intensity has been registered even for this day, but most intensive effects were seen on 6 May (6
days before the earthquake) and on 9 May (3 days before the earthquake). These disturbances correlate well in time
with the thermal infrared anomalies observed by with NOAA satellites. These independent observations are close in
time because the satellite NOAA18 used by has a night time | ocal

(22:00 LT). Detail analysis of this case is given in [18], here we present only one example of wavelet spectra and
associated bispectrum. Both are shown in Fig. 4. These results confirm again the presence of the typical for turbulence

features of the electric field variations.
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Fig.4 The same as in Fig.3, but for Wechuan earthquake.
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Last example is taken fro the registrations done during the preparation phase of the earthquake in Abruzzi in Italy. The
main victim of this event was old Italian town Aquila. It was not very strong earthquake Magnitude was M=6.3, but the
depth was very small H=2km. The position of the epicenter f =42.38 N ; &=13.32 E. The main shock appeared on April
06 2009 at 01:32:41.4 UT. Fig.5 shows the bispectrum (left panel ) and Fourier spectrum (right panel) of ELF variations
of the electric field. The signal was registered one day prior to the earthquake. The Fourier spectrum indicates typical
behavior for the ion whistler which occurs during thunderstorms, but there was no thunderstorm during this time. The
bispectrum indicates the presence of the 3 wave processes what is signature of turbulence developing.
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Fig.5 The bispectrum (level panel) and Fourier spectrum (right panel) of the electric field variation registered by
DEMETER over the area close to the Aquila one day before the earthquake.

CONCLUSIONS

In the present paper the electromagnetic effects observed by DEMETER satellite prior to the strong earthquakes in
Japan, Taiwan, Eastern Sichuan and Italy (Aquila) have been shortly discussed. The analysis of the wave form in ELF
frequency range with Fourier, wavelet and bispectral methods has shown the presence of the strong emissions in this
frequency range in the ionosphere 6 till 2 days or even 1 day before the earthquake. Moreover the obtained results for
Sichuan earthquake correlate very well in time and position with observations of the thermal anomalies reported by in
[19]. The discussed results were obtained during very quiet time and therefore no ionospheric and magnetospheric
sources of perturbations were expected. However these turbulence behaviors are not specifically related to the
occurrence of earthquakes and can be met in other regions of the ionosphere particularly at equatorial and high latitudes
[20]. But the closest occurrence in space and in time suggests that the observed effects at mid-latitudes are related to a
perturbation of the ionosphere which could be associated with the preparation of the discussed earthquakes. Now we
expect the answer for the question given in the title of present paper. But the answer is not resolving. Presented
examples show the presence of the variation of the electric field in ELF range indicating the features of the turbulence.
We can say that effect is present few days prior to the earthquake, but the very similar variations can be observed in the
ionosphere not associated with the earthquake. In the Sichuan case some additional information from metrological
satellite supported our suggestion, but all presented cases were chosen for very quite geomagnetic situation. In the case
of disturbed magnetosphere it will be very difficult to distinguish the disturbances originated from the earthquake from
the other. We can conclude that only complex measurements, not only plasma, can give in the future positive method of
forecasting of the earthquakes. Nevertheless electromagnetic effects associated with the plasma turbulence in the
ionosphere can be one of significant indicators.

What new can be obtained from SWARM satellites in this subject? The orbit of DEMETER satellite with period about
90 minutes cannot allow to see the time evolution of the processes near the epicenter. The visit of the same place is only




after about 24 hours. The fleet of 3 satellites with some separation of their orbit allows to study the characteristic
changes of the ionosphere over the seismic area with better resolution in time.
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