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Emissioni electromagnetiche ELF registrate
dal satellite DEMETER in Abruzzo prima del
terremoto dell’Aquila del 6 Aprile 2009
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Demeter

DEMETER is a low-altitude microsatellite (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 (Parrot, 2006).
In December 2005, the altitude of the satellite was decreased to 660
km. The ELF/VLF range for the electric field is from DC up to 20 kHz.
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 burst mode allows
performing a spectral analysis with higher time and frequency
resolution. Details of the wave experiment can be found in Parrot et
al. (2006) and Berthelier et al. (2006). During the burst mode, the
waveforms of the six components of the electromagnetic field are
also recorded up to 1.25 kHz. This allows performing a detailed wave

analysis.
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Measured Parameters

Frequency band, E

Frequency band, B
Sensitivity B :
Sensitivity E :

lon density:

lon temperature:

Electron density:

Electron temperature:

Energetic electrons
lon composition

DC—-4MHz

10 Hz - 18 kHz

2 10-5 nT Hz-1/2 at 1 kHz
0.2 uV Hz-1/2 at 500 kHz
510%-510°/cm3

1000 K - 5000 K

10%2-5 10° cm-3

500 K-3000 K

30 keV - 10 MeV

H*, He*, Of, NO*
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What is turbulence

This guestion has no clear answer.
The definition of the turbulence in the
fluids, gases and plasmas is still
under discussion, but some essential
features of the turbulence are out of
the discussion. They are :

Many degrees of freedom (different
scales)

Energy conaimingrenge meriminbrange ampmnrmnge Al Of - them  In non  -linear
B 1 o s A i s i i inte_raction (cross_-scgle couplings)
ek e et s Main characterization:

et ol o i Shape of the power spectrum
and higher spectral features

K K;

L'AQUILA 27.04.2010 6



Wavelet Analysis

* Criteria for wavelet Any localized function
function and form of
Morlet wavelet w(t)
_[ w(t)=0 can be chosen as mother
—ao - ' wavelet, if it satisfies the

T iven on the left criteria
[ 1y 12 dt < oo 8

w(t) = exp (iw,t —t? / 2) The complex Morlet wavelet is
. representing by this function
—J2 exp (it —t2 — w2 1 4) P &0y

s Continuous Wavelet Transform

= X(t)w* (t__z-)dt o CWT (T, a) (a IS scaling parameter)
1 a

—0o0
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Bispectral analysis

This method allows us to find the wave modes nonlinearly interacting
by 3 waves processes.

The resonance conditions for these processes are:
WitW:2 = Ws
ki+k2 =ks

Verification of these conditions is possible by computing the
bispectrum for 3 wave modes k,/ and k+/ which is defined as below:

* B(k,/)= E[Xk Xi X i *]

where X are the spectral components of signals k,/ and k+/ respectively.
Averaging is over the time.

A quantitive measure of the phase coherency may be made by
computing of the bicoherence spectrum which is defined in terms of

the bispectrum as
1 /B(k,1)/?
T P(K)P(HP(k+1)

Where P(k),P(l) and P(k+l) are auto power spectra

b2(k,1) = lim




Geomagnetic conditions prior to the L'Aquila earthquake
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Demeter’s orbit on March 29-8 days to the earthquake
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Demeter’s orbit on April 1 -5 days to the earthquake
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2 days to the earthquake 2009 04 04 morning
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2 days to the earthquake 2009 04 04 Kp 0 0 O O+0+0+0+0+ X 2-

morning

Spectrogram
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2 days to the earthquake 2009 04 04 Kp 0 O O 0+0+0+0+0+ 2 2-
morning

Wavelet Squared Bicoherence
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2 days to the earthquake 2009 04 04
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2 days to the earthquake 2009 04 04 Kp 0 0 O O+0+0+0+0+ X 2-
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Spectrogram
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2 days to the earthquake 2009 04 04 Kp 0 0 O O+0+0+0+0+ X 2-
night

Wavelet Squared Bicoherence

S S T S S S I 0.800
500.0 _ 3 ' _ | 0.840
’E\ i L
L 375.0 1 - - 0.480
= =
By ~
o —
T 25007 - 0.820
~ i
=
o I 0.160
0.0000 _d = ; 0.000
0.0000 200.0 500.0 750.0 1000. 1250,

LAQUILA Z/.04.20%0 " 21



-1 day 2009 04 05 Kp 1+2-2-1 1-1+1-0+ % 9-

Spectrogram
I 0.000
| —0.600
N
=
— >
N N
o =
& 5
: 5l
. :
o & —1.80
[, A
=T4]
Q
—
~2.40
~3.00

<0:58:36.912 20:58:40.245 20:58:43.978 20:98:46.91%2

22

Zakoriczono




Wavelet Square Modulus
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3 GHx

UHF O SIGNS OF QUAKES TO COME: Rocks
m - cracking before carthquakes cause
30 MMz
[ HF GOES and Terra satellites ' DEMETER, COSMOS positive charge to flow up toward the
m—a N 1803, and QuakeSat surface. The flow of charge leads to
. sense infrared light from : : g
300 kM & satellites sense ELF
LF | sitive charges recombin- : electromagnetic disturbances that can
m":o W R ~._ Magnetic disturbances. be detected at the surface and even
X ing with electrons in the air. N ¢
B kM2 rom space.
300 Mz
ELF
30 M tellit

ULF _0’:. GPS satellite
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Categories of Plasma Instability

Source of Free Energy Type of Instability

Streaming of one species Streaming Instability
relative to another

Gradient in plasma pressure Gradient Instability
plus external force

Gradient in plasma pressure Universal Instability
without external force

Non-Maxwellian particle Kinetic Instability
distribution



F-Region Gradient Drift Instability

» Electrons collisionless

E, + lons almost collisionless
— 2 . . .
V=(ExB)/B By » Residual collisions cause ions to
B drift in direction of ambient electric
field.
% +E=E +E,
Higher density plasma - Lower density plasma
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Variatiors of night-tima ouwtgoing 2a th radiation during the tima of M 7.8 Sichua n 2arthquaka of 12 May, 2008
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Conclusions

We presented the electromagnetic effects observed by DEMETER satellite
prior to the earthquake in LAquila.

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 8-1 days before the earthquake.

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. 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.

L'AQUILA 27.04.2010 33



Grazie per Sua attenzione

L'AQUILA 27.04.2010

34



