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ABSTRACT

In this paper we analyze the electromagnetic background noise at
L’Aquila Geomagnetic Observatory during 2006 and 2007 in the fre-
quency band 1-100 mHz. In this band a pronounced daily variation is ob-
served both in the natural signals as well as in the artificial ones, giving
rise to the problem of separating different contributions of very similar
morphology. We analyzed periods when the local K index was approxi-
mately zero, in correspondence with minimum of the magnetospheric and
ionospheric activity. We found that in our area the main source of artifi-

cial noise is constituted by the DC electrified railways.

1. Introduction

In the frequency band 103-10° Hz a wide variety
of electromagnetic natural phenomena are observed
without significant changes during last millions years.
All living organisms appeared and evolved into this
background radiation.

The natural electromagnetic soupe (Figures 1 and
2) can be observed at any point on the terrestrial surface
and is the result of an enormous number of signals pro-
duced by different sources in the magnetosphere and its
interaction with the solar wind, the ionosphere, the
Earth-ionosphere cavity and the Earth’s interior. This
background permeates the near Earth environmentin a
complex manner involving, for example:

(1) free oscillation modes of the magnetospheric
cavity (0.001 Hz-0.01 Hz) [Campbell 1997].

(2) resonance modes of the alfvenic cavity (0.1 Hz-
10 Hz) [Belyaev et al. 1990].

(3) emissions associated with various instability
processes in the magnetospheric and ionospheric plasma
(0.001 Hz-100 kHz) [Campbell 1997].

(4) emissions associated with tectonic and volcanic
phenomena (0.001 Hz-1000 Hz) [Palangio et al. 2007].

(5) magnetic storms and associated phenomena

(0.0001 Hz-1 Hz) [Campbell 1997].

Some aspects of magnetospheric dynamics such as
wave propagation, resonance phenomena, global oscil-
lation modes, request simultaneous measurements from
large magnetometer networks, often installed in highly
populated regions. As a consequence, a careful evalua-
tion of the possible contamination of man-made distur-
bances on ULF measurements represents an important
topic in a wide scientific context.

The main sources of artificial EM noise in the fre-
quency bands of interest are railways transport systems
on rails (underground trains, trams, trolley buses), elec-
trical energy distribution plants, industrial plants etc.
These sources, owing to their spatial extent, affect vast,
heavily populated areas. There are also local sources of
smaller scale signals as, for example, technological de-
vices daily used worldwide. The artificial emissions
contributed to the primordial broth only during the last
century, and their influence on ULF measurements
have been discussed by several authors.

Fraser and Ellyett [1964] found that the amplitude
of small fluctuations of the Earth’s magnetic field (the
geomagnetic micropulsations [Jacobs 1970]) was influ-
enced by magnetic signatures associated with the elec-
trical network up to a distance of about 15 miles from
the city (practically all micropulsation activity under
observing conditions strongly decreased on Sunday,
providing a simple test for man-made influences). An
isolated dc electric train system, although dozens of
miles away, is able to produce pulsations of large am-
plitude on a wide-band micropulsation recorder, which
can be confused with natural signals.

During the recording of the ULF signals Fraser-
Smith and Coates [1978] observed the simultaneous
occurrence of large-amplitude ULF signals and the ar-
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Figure 1. Power spectra of the variations of the geomagnetic field
(adopted from Constable and Constable [2004]).

rival/ departure of San Francisco Bay Area Rapid Transit
(BART) trains at nearby Stanford station. Later compar-
ison of the occurrence of the ULF interference at the
Stanford field site with the trains track confirmed that
the source of the interference was the BART system.
Fraser and Coates therefore identified the BART system
as a powerful and potentially completely specified source
of ULF wave generation which could be useful to ex-
plain some of the properties of the naturally occurring
ULF signals.

In contrast to their irregularity over time intervals
of few minutes, the BART magnetic signals were dis-
tinctly regular in their daily and weekly occurrence; the
train service at each station was reduced during night-
time and also the magnetic activity was weaker in the
same hours. Fraser and Coates drawn attention to other
possible sources of ULF electromagnetic fields; in addi-

01s-100s flicker noise (f~-band)
I1m-100m short-term noise (s-band)
1h-30g mean-term noise (m-band)
1g-365¢ long-term noise (I-band)
! m s f
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Figure 2. The power spectrum, in arbitrary units, of different geo-
magnetic noise bands [Jacobs 1970].

tion to other rapid train transit systems, these possible
sources include high-voltage dc power transmission
lines, electric railways using dc power and dc-powered
mine haulage systems.

In observatories numerous noise investigation were
carried out; many of them are collected in the paper of
Burkhart [1951] for Furstenfeldbruck, Mikerina [1962]
for Voyeykovo observatory, Miguel [1964] for Toledo,
Mircz and Verd [1970] for Nagycenk.

In Italy, in their study about the effects of the elec-
tromagnetic field produced by electrification of railway
Sangritana (between Castel di Sangro and Lanciano, in
Abruzzo region) on the magnetotelluric observatory of
Villa Santa Maria (Chieti), Palangio et al. [1991] described
a simple model of currents and electromagnetic fields
distribution near railway track; they found that the elec-
tromagnetic background noise was much intense on the
vertical component Z, with amplitudes between 10 and
15 n'T; they also calculated the absolute value of the elec-
tric noise with an amplitude between 10 and 20 mV/km.

In order to investigate the possible disappearance
(or significant reduction) of the man-made contamina-
tion during short intervals in the middle of the night, Vil-
lante et al. [2004] conducted the same kind of analysis
for different time intervals in the nighttime sector.

The reduced power level found during short time
intervals in the middle of the night and during weekend
can be imputed to the much less intense train traffic.
Villante et al. also conducted an analysis at Antarctic
latitudes, and their observations do not support any
firm evidence for a significant man-made contamina-
tion in ULF band, suggesting a negligible influence on
remote areas.

From all these papers it is evident that the artificial
signals contributed to the electromagnetic background
noise, masking part of the natural signal. The choice of
the location of the measurements requires then an aware-
ness of the local artificial background noise, achieved
through a detailed surveying of the territory.

The spatial extension of the magnetospheric signals
is of the order of hundreds of kilometers, while that of
the artificial sources of tens of kilometers. This diffeence
reflects the gradiometric properties of the inducted
fields. In order to evaluate the different contributions it
is also necessary to consider the geometry of source-ob-
server and the electrical properties of the subsoil [Szarka
1988, Junge 1996]. For example the L’Aquila observatory
is permeated by artificial sources of different nature: in-
dustrial and man-made noise in a radius of about 10 km,
railway generated noise about 30 km (see Figure 3) and
the natural signals over hundreds km. The subsoil re-
sistivity integrated on the first 50 km is of approxi-
mately 800 Qm, as showed in Figure 4 [Di Lorenzo et
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Figure 3. (a) Railway map of Central Italy. The DC electrified rail-
way line that mainly interferes with L’Aquila Geomagnetic Obser-
vatory is Roma-Sulmona-Pescara in light blue colour; at the
contrary the Terni-L’Aquila-Sulmona line, in green, it does not dis-
turb the magnetometers because is not electrified (diesel power).
(b). Minimum distances of L’Aquila Geomagnetic Observatory
from the nearest DC electrified railways (Sante Marie station is the
nearest one at 33 km). The railway line that contributes most to the
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noise at L’Aquila observatory is that from Sante Marie to Popoli, in particular from Avezzano to Pescina in the flat Fucino (Marsica site) due
to the high electrical conductivity of lacustrine sediments and clay deposits in the subsoil; in fact the wide basin of Fucino until 1875 was a
lake, the third largest of Italy. (c). Geological map of Abruzzo [Vezzani and Ghisetti 1996]: the position of L’Aquila observatory is indicated
in the upper left by the red point. In the bottom center the position of Fucino is represented by light blue color and with similar color the

Peligna Valley in the lower right.

al. 2011], and the time and the frequency distribution
of the noise allow us to identify several frequency
bands where different noise pattern appear. In Figure 4
the ground electric resistivity profile is obtained using
a conventional magnetotelluric approach [Constable
et al. 1987] using, for the inversion, both the apparent
resistivity and the phase; the profile shown in Figure 4
was obtained using only the two horizontal compo-
nents of magnetic field and the two horizontal com-
ponents of the telluric field.

2. Measurements and data analysis

The Geomagnetic Observatory is located at
Masseria Calore, on a flat ground between the villages
of San Vittorino and Preturo, at about ten kilometers

North-West from the city of I’Aquila. The geographic
latitude is 42°23 N, the geographic longitude is
13°19 “E; the geomagnetic coordinates: 36°14 "N,
87°01 “E; the corrected geomagnetic coordinates:
36.3° N, 87.3°E; the shell-parameter L~1.6 and the
height above sea level is 682 m. The observatory in-
cludes the buildings for absolute measurements, vari-
ometers, proton precession vector magnetometer,
laboratory and general services.

The variometers are: a proton precession vector
magnetometer for the measurement of the H, D, Z el-
ements and total magnetic field F with a 0.1 nT reso-
lution; two triaxial fluxgate magnetometers, one with
toroidal and the other with linear shaped sensors and
a biaxial fluxgate magnetometer for the measurements
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Figure 4. Structure of electric conductivity under the observatory (adopted from Di Lorenzo et al. [2011]).

of D and I, supported by a proton magnetometer for
the measurement of F.

Routine studies at Geomagnetic Observatory re-
gard magnetic field of external sources, magnetotel-
luric investigations [Mikerina 1962, Qian and Pedersen
19917, study of the electric conductivity of the subsoil
by means of Geomagnetic Deep Sounding (GDS) tech-
niques and study of the electromagnetic field linked to
the geodynamics processes [Egbert et al. 2000].

The magnetic noise hardly affects the pursuit of
these objectives. Both background local artificial noise
and the signals of external origin are characterized by a
large diurnal fluctuation with a remarkable consistency
of phase [Jones and Kelly 1966]. A partial discrimination
between the two contributions can be made in corre-
spondence with changes in daylight saving time, because
the local artificial noise follows the change, while the ex-
ternal signals are unaffected by such variation.

0

filtered data (nT)
Iy o :

&

10 12 14
UT(hours)

Figure 5. Example of geomagnetic filtered data (components X, Y,
Z and total intensity field F) relative to a selected day with local K
index approximately zero.

The Earth’s magnetic field undergoes different
temporal variations, with periods from fractions of
second to millions of years [Constable et al. 1987, Con-
stable and Constable 2004].

The geomagnetic band can be divided into four
sub-bands (see Figure 2) characterized by different sta-
tistical and spectral proprieties. In the “f” band (flicker
noise), the noise approaches a slope typical of the white
noise, while in the band “1” there is the maximum
slope, that is the o coefficient is higher. Our studies are
focused on the “s” and “f” bands in which the natural
dominating signals are the geomagnetic micropulsa-
tions [Jacobs 1970, Ver6 1986, Yumoto 1988].

In order to separate the noise from the signal, we
analyzed periods when the local K index was approxi-
mately zero, in correspondence to magnetospheric and
ionospheric activity minimum.

For this analysis we used 1 s measurements of the
geomagnetic field components recorded at the Geo-
magnetic Observatory of L’Aquila during two years,
2006-2007.

Figure 5 shows an example of geomagnetic field
data measured in the observatory. They have been fil-
tered by a 4th order high-pass digital Chebyshev filter
with a cutoff frequency of 1 mHz; data are relative to
one of the selected day with local K index approxi-
mately zero (January 13, 2007), and this example day is
analyzed from Figure 5 to Figure 15. In particular the
amplitude of the fluctuations of the Z component pres-
ents the typical daily variation with minimum around
the local midnight and maximum around noon. This
trend is a common feature of both the environmental
noise and the magnetospheric signal [Villante et al.
2004]. The fact that this behaviour is more evident in the
Z component with respect to the horizontal ones reflects



OBSERVATORY ELECTROMAGNETIC NOISE

the fact that the Z component depends very much on
the environmental noise and is scarcely influenced by the
external sources [Fraser and Ellyett 1964, Jones and Kelly
1966, Palangio et al. 1991]. These assertions are based on
two hypothesis:

(1) the magnetic external field Z component is null
because the ionospheric currents act approximately as
a current layer that lies in horizontal plane approxi-
mately parallel to the terrestrial surface.

(2) on the surface of a semi-infinite conductor the
possible variations of magnetic field that is external to the
surface are null because the induced magnetic field in the
conductor cancel the primary inducing magnetic field.

For these reasons the fluctuations on the Z com-
ponent can be representative of the noise.

Then, in a case of zero electric resistivity, the vari-
ations on the Z component is null and the variation of
the horizontal components are doubled. In the real case
the situation is intermediate, so a small residual is pres-
ent, depending on the structure of Earth’s electric con-
ductivity (Figure 4); the estimation of the integrated
resistivity (assuming that the resistivity varies only with
the Z component in a layer of thickness 1) of the ob-
servatory subsoil, p=1/1[p(z)dz, gives a value of about
800 2*m [Di Lorenzo et al. 2011]. This value fix the
boundary between the frequency band where there is
not electromagnetic interaction with the subsoil and
the band where the noise interact with the soil for each
value of the source-observatory distance.

From the diffusion equation [Jackson 1975] we have:

14 =uoD? and f;= 1/ uoD?

where T is the diffusion time constant and D is the
thickness of the conductor, O is the electrical conduc-
tivity equal to 1/p, w is the magnetic permeability and
f, is the diffusion frequency.

For example if we consider the regional electrified
railways that are far from the observatory about 40 km
we have:

T ~2s that corresponds approximately to f; =0.5Hz.

For f<0.5Hz the noise does not interact with the
soil and it is indistinguishable from the signal.

For £>0.5Hz the noise interacts with the soil and it
is separable from the signal.

So it is possible to subdivide the frequency band in
two region, the first (low frequencies) in which the effect
of the subsoil is negligible and the second one in which
the signals of external origin are modified (in amplitude
and phase) in a manner depending on the frequency.

In Figure 6 the power spectra of the geomagnetic

P (nT?Hz)

f (Hz)

Figure 6. Power spectra of the geomagnetic field components in
logarithmic scale.

field components in logarithmic scale are presented. The
power spectra show two different trends, with the low
frequency portion characterized by a higher spectral
slope and the other approximately constant with the fre-
quency. The first frequency range (DC-100 mHz) looks
like red noise, while the second one (over 100 mHz) is
typical of white noise, with thermal characteristics. The
first spectral region corresponds to natural signals of ex-
ternal origin, while the high frequency portion, in which
the spectral density is almost constant, may be related to
instrumental noise. The knee of the curve is known as
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Figure 7. Spectra fit of geomagnetic field components.
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“noise knee”, and marks the transition between the two
regions, characterized by two different kind of induction.

Figure 7 shows spectra fit; we have calculated spec-
tra fit and relative coefficients in the frequency band 1-
100 mHz. The horizontal components are characterized
by a spectral index a~1.5, while the vertical one by
o~1.7. This figure shows that the Z slope is appreciably
higher than that of the other component’s spectra (in ac-
cordance with Palangio et al. [1991]), possibly due to the
influence of the conductivity structure of the subsoil.
The Earth behaves as a low-pass filter that attenuates
highest frequencies, increasing then the slope of the
spectrum.

Figure 8 shows the square modulus of cross spectra
between the three components of geomagnetic field;
from this figure results that in the frequency band 107-
10! Hz the highest values regard the x and z compo-
nents, and increase with the decreasing of the frequency.

Figure 9 shows the results of the coherence analy-
sis between the three components of the geomagnetic
field. Similarly to Figure 8, it is evident that the xz and
xy coherence overcomes that of yz, always in particular
in the 1-100 mHz band. The correlation between East-
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Figure 9. Coherence analysis between the three components of ge-
omagnetic field.
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Figure 8. Cross spectra between the three components of geo-
magnetic field.

West and the vertical component is very low, indicat-
ing that these components are almost independent; it
means that in the yz plane various sources of noise act
not correlated each other.

Figure 10 and Figure 11 show the polarization
analysis [Fowler et al. 1967] of the horizontal compo-
nents, where p is the polarization degree, ¢ is the ellip-
ticity and 0 is the orientation i.e. the inclination of the
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Figure 10. Polarization analysis of the horizontal components of
geomagnetic field.
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major axis of the ellipse as shown in Figure 12.

Above 100 mHz it is evident the random behav-
iour of these parameters, meanwhile below 100 mHz
we can observe a polarization pattern of the signals.

In Figure 11 it is evident that the direction of the
polarization ellipse (almost linear) is oriented North-
West/South-East, i.e. the orientation angle 8 is about
45° (with magnetic data the directional ambiguity of
+m remains). The polarization arrow points toward the
nearest electrified DC railway Roma-Avezzano-Pescara
(see Figure 3a), indicating that the major source of
noise comes from this railway line; the nearest track is
from Sante Marie to Popoli (see Figure 3b) and within
this one an angle of orientation of —45° corresponds
well to the Basin of Fucino. In fact in order to identify
the direction of origin of most noise is very important
to consider the geological structure of soil under the
track in addition to the distance of the electrified rail-
way from the observatory.

Figure 13 shows the distribution of the polariza-
tion parameters on the example day (January 13, 2007);
the polarization degree exhibits a Rayleigh distribution
with maximum around 0.25. The ellipticity seems to
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Figure 11. Enlargement of the coherence analysis in the frequency
band up to 20 mHz.

X (North)

-0°] 0°

-90° 90°
Y (Esh)

Figure 12. Scheme of the orientation angle.

have a Gaussian distribution with maximum around
zero, indicating a dominant linear polarization.

Figure 14 represents the probability distribution
of signal amplitude of the three components H, D, Z;
this distribution is strongly Gaussian for all compo-
nents and this fact is due to the overlapping of n inde-
pendent signals sources.

In Figure 15 the noise distribution in cylindrical co-
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Figure 13. Distribution of the polarization parameters.
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Figure 15. Noise distribution in cylindrical coordinates.
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Figure 16 (left and right panels). Daily distribution of RMS during 2006 and 2007.
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ordinates is presented. The radial component is char-
acterized by Rayleigh distribution as expected by the
theory [Kendall and Stuart 1973, Bendat and Piersol
1986, Larsen and Marx 1986, Johnson et al. 1994]. The
axial distribution is Gaussian and azimuthal distribution
has two maxima with a phase difference of 7t which rep-
resent the direction North-West/South-East [Cartwright
and Longuet-Higgins 1956].

3. Statistical analysis

We conducted a statistical analysis of 1 s data rela-
tive to years 2006 and 2007, selecting periods with local
K index around zero.

Figure 16 shows the daily distribution of rms of
components value, on a hourly base, during 2006 and
2007, indicative of the noise (by taking into account the
selected low K values) during two years.

In the upper-left panel we can see that in the North-
South direction the maximum fluctuation of the signal
is centred around noon, while in the East-West compo-
nent is observed during the morning. In the vertical com-
ponent there are two maxima around 6 UT and 15 UT.

Anyway, in all components during the night from
23 UT to 03 UT the noise reaches minimum values, pos-
sibly due to the fact that the nearest railways system
(~33 km from the observatory) is switched off.

4. Time distribution of the noise
Both local noise and the external natural signals

are characterized by a large diurnal fluctuation with
a remarkable consistency of phase between 1 mHz to

0.30

0.25

0.15

nTY/Hz

0.10

0.05

0.00

0.5 Hz, as showed in Figure 17, where the root mean
square value (i.e. the integrated value of the square
of the field) on 5 seconds in four different frequency
bands is showed. In this figure we can observe that
the signals decrease with increasing frequency.

In Figures 18, 19 and 20, where we show the tem-
poral distribution of the electric field, the diurnal vari-
ation of the background electric field noise and of the
magnetic field noise, respectively, we can clearly ob-
serve time intervals in which the noise reaches mini-
mum intensity.

It is very important to identify the most suitable
time and frequency window by means of long and con-
tinuous records of measurements in the frequency
band of interest. By analysing several years of data it is
possible to determinate a typical noise’s trend with
24-hours periodicity, clearly related to anthropic activ-
ities. This temporal window has stationary characteris-
tics, i.e. it does not change with time. Figure 17 shows
that in 0.1-1 Hz band the spectral power reaches a min-
imum value; in this frequency band the noise has white
pattern characteristic and this spectral pattern has sta-
tionary characteristic.

In Figure 18 the typical daily variation of the
electric spontaneous field is shown (one second data);
we can observe that during the night hours (21:00-
03:00 UT) the electromagnetic noise reaches mini-
mum values, possibly in correspondence with the
minimum of the industrial activity in the Central
Italy. On the other side the shift between red and blue
curves is possibly due to the thermal effects on the

0.1-1 H7

7 MMMM ’
0.20

0.0017-0.007 Hz

March 2009

April 2009

Figure 17. Diurnal variation of magnetic intensity field (component Z) observed at L’Aquila in the frequency band from 0.0017 Hz to 1 Hz,

not scaled adopted from Di Lorenzo et al. [2011].
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Figure 18. Time distribution of the electric field.

ground layer and to the electrodes. This effect is dif-
ferent on the two components, indicating a possible
ground anisotropy in the two directions.

Figure 19 shows the electric field filtered in the
frequency band from 0.001 Hz to 1 Hz. Even in this
picture it is evident that at I.”Aquila Geomagnetic Ob-
servatory the weakest background noise level occurs
between 21:00 and 03:00 UT (more clearly on the electric
field than the magnetic one, Figure 20, from Di Lorenzo
etal.[2011]. In this time interval the noise is much lower
than during the day, about ten times, possibly due to the
interruption of the railway traffic during night.

From the train timetables of nearest stations (see
Table 1a,b) we checked that the traffic was inter-
rupted during the night; in particular, within the near-
est track from Sante Marie to Popoli (see Figure 3b) the
last arrival in the evening is at 21:26 UT (20:26 UT dur-
ing daylight saving time) at Sulmona station and the
first leaving in the morning is at 03:05 UT (02:05 UT
during daylight saving time) at Avezzano station, in agree-
ment with our results.

5. Discussion and summary

The major sources of electromagnetic noise in the
frequency bands concerning magnetotelluric and geo-
magnetic measurements are given by electric railways.
The choice of the locations for the installation of geo-
magnetic stations on the Italian territory often repre-
sents a problem not easily solvable, since the railway
network is DC powered; only a few available areas are
relatively noise free. Excluding Sardinia, where there is
no railway electrification yet, in other regions, even
those less crossed by railways and at a low industrial-
ization level, it is very difficult to find places where the
electromagnetic background noise level can be com-
patible with the geomagnetic measurements. The ef-
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fects of the electromagnetic field produced by the elec-
tric railways is a source of serious artificial disturbance
for natural magnetic and electric fields measurements
even if the observation station is situated some ten kilo-
meters away from the big railways.

In the observatory, in this frequency band, routine
measurements of magnetic field, electric conductivity
of the subsoil (by means of GDS techniques), electro-
magnetic field and magnetotelluric investigations are
usually conducted.

The man made magnetic noise is the main source
of the interference that hardly limits the discrimina-
tion of the signals in the different field of investiga-
tions, in particular during the diurnal hours, when the
noise is higher. The anthropogenic electromagnetic
noise, such as power lines, DC railways, factories, etc.,
generates signals whose amplitudes are often higher
than those of natural signals and in the same frequency
band [Fraser-Smith and Buxton 1975, Yanagihara 1977,
Fraser-Smith and Coates 1978, Lanzerotti et al. 1990,
Lowes 2009]. These sources of noise are of local na-
ture, so they could be hardly distinguished from sig-
nals of magnetospheric origin [Lokken and Shand 1964,
Fraser-Smith and Coates 1978]. Both background local
noise and signals of external origin are characterized
by a large diurnal periodicity, with remarkable consis-
tency of phase. In general man-made disturbances are
expected to perturb electromagnetic measurements on
a wide range of time scales, at least from daily to sea-
sonal. On the other hand natural signals are also ex-
pected to show daily, seasonal and solar cycle variations
[Jacobs 1970].

In our work we analyzed electromagnetic back-
ground noise at L’Aquila Geomagnetic Observatory
during years 2006 and 2007, in the frequency band 1
mHz-100 mHz.
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Figure 20. Diurnal variation of magnetic field noise, component Z adopted from Di Lorenzo et al. [2011].

In order to separate noise from signal we analyzed
periods when the local K index approximately was zero,
that is when the natural magnetospheric and ionos-
pheric activity is minimum.

An interesting result is that the value of the orien-
tation angle of the polarization ellipse is —45° %, i.e. the
polarization arrow points toward the nearest electrified
DC railway Roma-Avezzano-Pescara (see Figure 3a), in-
dicating that the major source of noise comes from this
railway line, in particular from Basin of Fucino.

From Figure 3c is evident the hydrogeological na-
ture of this area: the wide basin of Fucino until 1875
was a lake, the third largest of Italy (drained because
no effluent and during periods of heavy rains the wa-
ters overlowed causing damage); the subsoil is rich of
clay materials and lacustrine sediments with high elec-
trical conductivity, as is known [Bussian 1983] due to
their particular internal structure with a parallel arrange-
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ment of multilayers of silica, aluminum and magnesium
creating a negative charge cloude on the surface of clay
[Miceto et al. 2003] triggering the electrical surface-con-
duction. For this reason a clay soil structure is gener-
ally a good conductor with a low value of resistivity
equal about to (5-20) Q*m, instead rocks behave as
isolant with much higher values of resistivity due to
their characteristic crystalline structure without elec-
trical charge free to move when subjected to a potential
difference (for example calcium carbonates have value
of resistivity equal to 1000-5000 *m).

On the right of the Basin of Fucino is situated the
Peligna Valley (see Figure 3c) that also was occupied by
a vast lake in prehistoric times; in fact its name comes
from ancient greek peline (pelagus) and means muddy
or slimy ground, but actually the thickness of this lake
sediments is thinner than Fucino.

Therefor, in order to identify the direction of origin
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Table 1. Timetable of railway stations: in red, the last arrival in the evening (a) and the first leaving in the morning (b) within nearest track
to L’Aquila observatory.
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of most noise is very important to consider the geolog-
ical structure of soil under the track in addition to the
distance of the electrified railway from the observatory.

Another interesting result is that at L’Aquila Ge-
omagnetic Observatory the weakest background
noise level occurs between 21:00 and 03:00 U'T; in this
time interval the noise is much lower than that during
the day, about ten times. This reduced power level
found during the night agrees with the study of Vil-
lante et al. [2004].

From the statistical analysis it’s possible to observe
that in all components, during the night, the noise
reaches minimum values, in particular on Z compo-
nent, and this is possibly due to the fact that the near-
est railways system (~40 km from the observatory) is
switched off, as verifiable in Table 1a,b.

Still on the Z component it is evident the charac-
teristic daily variation, with a minimum around the local
midnight and a maximum around noon. The fact that
the observed behaviours are more marked on the com-
ponent Z with respect to the horizontal ones, show that
the Z component depends very much on the environ-
mental noise, and is scarcely influenced on the external
sources, with that found by Palangio et al. [1991].

Even from the power spectra of the geomagnetic
field components (in logarithmic scale, Figures 6 and 7) it
is clear that the spectral slope of Z component is higher
than the horizontal ones, possibly due to the influence of
the conductivity structure of the subsoil; in fact the soil
behaves as a low-pass filter that attenuates highest fre-
quencies, increasing the slope of the spectrum.
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