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1. Introduction 

The evolution of the measurement tech-
niques and the ongoing research activity have a
considerable importance for a better under-
standing of the environmental electromagnetic
fields (Bianchi and Meloni, 2008). The main
objectives of these studies are both to enhance
the knowledge on the natural electromagnetic
fields, and study the electromagnetic anomalies
associated to anthropogenic sources, the well

known man-made fields. The knowledge of
how these anomalies are distributed in space
and time can be useful to life improvement on
our planet. On the other hand, the study of the
non ionizing radiation effects on the biological
tissues is a topical issue that needs an answer.
The MEM Project was activated in the INGV
(Italian Istituto Nazionale di Geofisica e Vul-
canologia) Observatory of L’Aquila to study the
environmental electromagnetic fields, both nat-
ural and artificial. The project started in 2005
and ended in 2007. The leader partner of the
project is the Italian Abruzzo Region. The oth-
er partners are the Geomagnetic Observatory of
L’Aquila, the Regional Environmental Agency
of Molise Region, Italy, the University of Fer-
rara, Italy, the University of Tirana, Albania and
the Geomagnetic Institute of Grocka, Beograd,
Serbia. The principal purpose of the project was
the development in Central Italy of a network of
observatories to monitor the electromagnetic
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signals in the frequency band ranging from
ULF to VLF. Currently the network consists of
two monitoring stations, L’Aquila (42°23’N,
13°19’E, 682 m a.s.l.) and Duronia (41°39’N,
14°28’E, 910 m a.s.l.). Moreover, the future tar-
get of the project is to widen the network to the
Adriatic countries of Serbia and Albania to cre-
ate a triangular interferometric array with a side
about 500 km long. Figure 1 shows the location
of the two first MEM observatories of L’Aquila
and Duronia, and the possible position in the
Adriatic area of the interferometer on the draw-
ing board. In Italy, only Duronia will belong to
the interferometer. The technological objective
of the MEM Project was the development of
new low noise instrumentation (Palangio et al.,
2008a; 2008b; 2009) and know-how transfer to
industry. These instruments are designed for
automatic long-term recording of the electro-
magnetic fields in a wide band of frequency and
have been installed in the first two MEM sta-
tions. Concerning the data elaboration, the data

set of each site can be used individually in a sin-
gle station approach of the data analysis or, dif-
ferently, all the data of the network can be ana-
lyzed by a multi-station approach using tech-
niques like wide band interferometry (Palangio
et al., 2009). The network configuration is es-
sential to separate the natural electromagnetic
fields from the artificial ones, and to separate
the electromagnetic fields originated in the
Earth’s interior from those having a source ex-
ternal to the Earth’s surface. Concerning the
long term monitoring of the electromagnetic
field generated in the Earth’s crust, in the com-
ing years through the analysis of the Inter Sta-
tion Magnetic Transfer Functions we will be
able to study the possible correlation between
the geodynamical processes and the local mag-
netic field anomalies (Palangio et al., 2007;
2008b). For this purpose the Duronia station
will be added to the INGV tectonomagnetic
network already existing in Central Italy (Melo-
ni et al., 1998; Masci et al., 2006; 2007).

Fig. 1. Location in Central Italy of the first two MEM stations of L’Aquila (AQU) and Duronia (DUR). The red
triangle shows the pattern of the planned interferometer in the Adriatic area.
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2. The electromagnetic field monitoring 
station of Duronia

Duronia station was created in the middle
of 2007 in an area characterized by low envi-
ronmental electromagnetic noise starting its
operations at the end of the same year. Figures
1, 2 and 3 show respectively the location in

Central Italy, the plan and a view of the instal-
lation. The station covers an area of about
7500 m2 2 km far away from the village of
Duronia and is completely plunged inside a
wood of pine trees consisting at the moment of
four wooden non-magnetic chalets (3x2 m)
enclosed with a fence made of wood and plas-
tic. The first chalet contains the acquisition

Fig. 3. A view of Duronia station.

Fig. 2. Plan of Duronia station. The chalet 1 contains the acquisition systems. The chalets 2, 3 and 4, contain
the instrumentation.
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systems, whereas the other three contain the
instrumentation. Each chalet is located at least
30m away from the fence and placed in the
area with a configuration that avoids the in-
struments affecting each other. The require-
ments of the International Association of Geo-
magnetism and Aeronomy (IAGA) concerning
the rating of a site as observatory can be sum-
marized in the next five points: 1) the observa-
tory must operate in the long-term to monitor
the geomagnetic secular variation; 2) the ob-
servatory area must be magneticallepresenta-
tive of the surrounding region, both in lower
band (secular variation) and in higher band
(short-term variation), and the magnetic prop-
erties of the region must be unchanging over
the long-term; 3) horizontal and vertical gradi-
ents of the geomagnetic field must be less than
1nT/m and the pattern of the geomagnetic
field gradient should not change in time; 4) the
sensor stands must be stable, their maximum
drift from vertical must be less than 15’’/year
and the daily variation must be less than 1’’; 5)
all materials used in the observatory must be
non-magnetic; 6) the presence of the observa-
tory structure should not increase the environ-
mental background electromagnetic noise. We
stress that the Duronia installation already ful-
fils all these requirements as: 1) the position
ensures the functionality for a long period; 2)
a test campaign was carried out to check re-
quirements 2) and 3): the area and its sur-
roundings has been divided by a 10 m x 10 m
grid and two proton precession magnetometers
were used for the test, one as reference for
temporal variation, the other for the measure-
ments of the magnetic field in each grid point;
3) the horizontal and vertical maximum gradi-
ent of the geomagnetic field are 0.6 nT/m and
0.3 nT/m respectively; 4) the stands of the sen-
sors are anchored on bedrock; 5) all the build-
ings are made of wood and plastic; 6) we have
verified that the environmental background
electromagnetic noise increases only a few
percent in the band around 50Hz and its har-
monics. In this manner the installation is ready
to be a full geomagnetic Observatory as soon
as absolute measurements and base line con-
trol will be guaranteed.

In the next two sections we briefly describe

the instrumentation installed in the station, and
show some examples of the first results.

2.1. Experimental setup

As previousleported, the instrumentation is
located in three of the four chalets (see fig. 2).
All the instruments have been developed in the
frame of the MEM project, except the total field
magnetometer. The instrumentation setup was
carried out during the last months of 2007, and
the full operation of the station started at the be-
ginning of 2008. At the moment five instru-
ments are installed in the station. The timing of
the acquisition system of each instrument is
GPS controlled. At the end, we report a brief
description of the instruments installed.

1) Triaxial magnetic variometer
Orientation: HDZ; linear frequencesponse

[DC-1Hz]; dynamic range: ±2000nT; resolu-
tion: 0.03 nT; sampling rate: 0.5Hz with a time
resolution of 1ms; filter type: 8 poles elliptic
low pass filter. The data of this magnetometer
are also stored with an acquisition time of 1
minute. 
2) Triaxial high frequency search-coil magne-
tometer

Orientation: HDZ. Each of the three search
coil sensors has a linear frequencesponse in the
range [10Hz - 100kHz]. Each sensor is
equipped with a low pass antialiasing filter with
a 40 kHz cut-off frequency. The output signals
are sampled at 100 kHz and are digitized using
a 24-bit A/D converter. The dynamic range is
between ±10fT and ±100nT. The magnetic
noise level is less than over the
whole band.
3) Triaxial low frequency search-coil magne-
tometer

Orientation: HDZ. This magnetometer is
used to measure geomagnetic field variations in
the frequencange [0.001 - 40]Hz. The noise
of the magnetometer is less than at

a frequency of 0.01Hz, and less than 

above 10Hz. The sampling rate per channel is
256Hz, with a sampling resolution of 24 bit. The
time resolution is 1µs and the accuracy between

/fT Hz20

/pT Hz10

/fT Hz3

Vol52,5,2009  1-12-2009  13:29  Pagina 444



445

A new station for monitoring electromagnetic fields in Duronia (Italy): experimental setup and first results

the timing channels is better than 0.1µs, because
we use three independent A/D circuit, one for
each channel H, D and Z.
4) Scalar magnetometer

The scalar magnetometer is an Overhauser
magnetometer and it is the only industrial in-
stalled instrument. The magnetometer, model
Pos1, is produced by the Quantum Magnetom-
etry Laboratory, Russia. The instrument meas-
ures the total magnetic field with a sampling
rate of 1Hz and the time resolution 0.01s.
5) Telluric electric potential measurement system 

This instrument is a typical system used to
measure the telluric electric field. The instru-
ment consists of two orthogonal line NS and
EW and four electrodes of coal coke distant
about 80 m. The electrodes are located outside
the fence of the station. The frequency band is
[DC-1Hz], and the sensitivity is 1µv/m. The
sampling rate is 1Hz, with a sampling resolu-
tion of 24 bit. 

Some photos of the instrumentation in-
stalled in Duronia can be found in Palangio et
al. (2008a; 2008b; 2009). By the end of 2009, a
fifth chalet will be built near the gate to the sta-

tion (see fig. 2), as new location of the acquisi-
tion system. In this way, chalet 1 will be used to
house a DIM (Declination Inclination Magne-
tometer) for absolute magnetic field measure-
ments.

As previousleported, we stress that the prin-
cipal characteristic of Duronia is the low elec-
tromagnetic environmental noise of the site and
the low noise of the installed instrumentation.
Figure 4 shows the Z component of the signal
obtained in the calibration procedure of the tri-
axial low frequency search-coil magnetometer
(instrument 3) in the band [4-16]Hz. The signal
used for calibration was generated by a loop-
antenna triggered off by a 9Hz sinusoidal sig-
nal. First of all, fig. 4a shows the measured sig-
nal peaked at 9Hz as expected. Then, the signal
away from the peak can be used to evaluate the
background noise in this band of frequency. We
analyze the Z component because if the sources
of the noise are away from the receiver at a dis-
tance >> λ, the boundary conditions over the
surface of the conductor (Earth surface) impose
that Z≈0. So, the background noise measured
in the band around 9Hz can be only due to lo-

Fig. 4a,b. a) Calibration signal (Z component) of the triaxial low frequency search-coil magnetometer in the
band of frequency [4-16]Hz. b) exploded view of the signal away from the peak as example of background noise
in the considered band of frequency. See text for details.
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cal sources and to the instrumentation. Figure
4b shows an exploded view of the signal in the
range of frequency [11-16]Hz, away from the 9
Hz peak. In the figure can be noted that the
background noise is less than with/fT Hz20
sporadic values up to . 

Table I lists the timestamps of three instru-
ments of the observatory. Note the time resolu-
tion (1µs) of the triaxial low frequency search-
coil magnetometer. This instrument will be
used in the future for the wide band interferom-
etry technique. 

Figure 5 shows, as an example, one
daecord (November 23, 2008) of the geoma-
gnetic field components H, D, Z and the total
field F, with the typical 1 minute INTER-
MAGNET acquisition time resolution. Note
the low noisiness of all the geomagnetic field
components; the noise of the signals is compa-
rable to the noise of the acquisition system and
is less than as 0.05 nT. Now with the new
acquisition system we have an instrumental
noise less than 0.02 nT.

/fT Hz35

2.2. First results

Due to the very low background noise a de-
tailed observation of the spectral resonance
structures of the Schumann Resonance (SR)
and the Ionospheric Alfvén Resonator (IAR)
can be performed. In literature, the study of SR
and IAR is used to infer ionospheric parame-
ters, to monitor the large-scale ionospheric
modulation by gravity and planetary waves, the
ionosphere-magnetosphere coupling and the
planetary temperature (Williams, 1992). More-
over, some authors have found very anomalous
effect in SR, probably associated with large
earthquakes. (Hayakawa et al., 2005; Nicko-
laenko et al., 2006; Ohta et al., 2006). SR is the
resonance of electromagnetic waves in the
Earth-ionosphere cavity with a fundamental
frequency of about 8 Hz and higher order har-
monics separated by about 6 Hz (Schumann,
1952; Schumann and König, 1954). The Earth-
ionosphere cavity is bounded by the Earth’s
surface and the lower region of the ionosphere,

Fig. 5. One daecord of the geomagnetic field components with acquisition time resolution of one minute.
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Table I. Timestamps of three magnetometers 

Overhauser magnetometer [DC- 1Hz] (sampling rate = 1Hz)

F(pT) s/n MM.DD.YY hh:mm:ss,1/100 

46247635 80 11.23.07 03:59:36,00

46247627 80 11.23.07 03:59:37,00

46247608 80 11.23.07 03:59:38,00

46247608 80 11.23.07 03:59:39,00

46247613 80 11.23.07 03:59:40,00

Triaxial magnetic variometer [DC- 1Hz] (sampling rate = 0.5Hz)

H(a.u.) D(a.u.) Z(a.u.) hhmmss.ms 

2.486408 -0.025959 -0.506739 130720.540

2.486401 -0.025988 -0.506726 130722.540

2.486394 -0.025977 -0.506733 130724.540

2.486388 -0.025965 -0.506724 130726.540

2.486390 -0.025961 -0.506727 130728.540

2.486392 -0.025979 -0.506712 130730.540

2.486392 -0.025982 -0.506724 130732.540

2.486387 -0.025997 -0.506685 130734.540

2.486387 -0.025991 -0.506719 130736.540

Triaxial low frequency search-coil magnetometer [0.001- 40]Hz (sampling rate = 256Hz)

X(a.u.) Y(a.u.) Z(a.u.) YYYY MM DD hh mm ss.µs 

7933519 8726035 8348616 2009 01 16 06 46 12.526554 

7933415 8726055 8348879 2009 01 16 06 46 12.530461 

7933552 8725980 8348716 2009 01 16 06 46 12.534369 

7933660 8725985 8348988 2009 01 16 06 46 12.538276 

7933955 8726016 8349040 2009 01 16 06 46 12.542183 

7933863 8726010 8348720 2009 01 16 06 46 12.546090 

7933563 8725944 8348931 2009 01 16 06 46 12.549997 

7933728 8725927 8348611 2009 01 16 06 46 12.553905 

7933752 8725920 8348444 2009 01 16 06 46 12.557812 

7933647 8725932 8348380 2009 01 16 06 46 12.561719 

7933756 8725928 8348207 2009 01 16 06 46 12.565626 

7933664 8725952 8347955 2009 01 16 06 46 12.569534 

7933779 8725968 8347999 2009 01 16 06 46 12.573441 

7933707 8725876 8348575 2009 01 16 06 46 12.577348 

7933631 8725888 8348775 2009 01 16 06 46 12.581255 

7933595 8725883 8348588 2009 01 16 06 46 12.585163 

7933487 8725928 8348763 2009 01 16 06 46 12.589070 
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the so called D-layer. This cavity can support,
as quasi-waveguide, electromagnetic standing
waves whose wavelengths are comparable to
the planetary dimension. 

The fundamental mode of SR is a quasi-
standing wave in the Earth-ionosphere cavity
with a wavelength of about the Earth’s circum-
ference. Changes in the D region ionization can
modify the SR parameters. It is well assumed
that lightning dischargers due to thunderstorm
activity are the main excitation source of the SR
(Sentman, 1995). 

The low frequency components of these
electromagnetic transients can circle the globe
several times, and therefore produce resonant
spectrum lines. Figure 6 shows an example of 7
s time domain record (sampling rate 256Hz:
frequencange [0.001 - 40]Hz) acquired on June
18, 2008. The geomagnetic field components
show a continuous background with the super-
imposition of some typical SR Q-bursts. Figure
7 shows an example about the spectral reso-
nance structure of SR obtained from the data

collected on February 14, 2008 between 20:00
UT and 21:00 UT. The power spectral densities
shown in fig. 7, and later in figs. 8 and 9, are es-
timated via the maximum entropy method to
improve the spectral resolution between the
peaks (Marple, 1987). In fig. 7, the presence of
the first 4 SR harmonics is clearly evident in all
three components. 

The Z component also shows two peaks at
frequencies ≈16.7Hz and ≈ 26.2Hz due to ar-
tificial signals; the first signal is certainly due to
the German railway network. This artificial sig-
nal is produced by the uncoupled current com-
ponent which flows deeper in the Earth’s crust
and depends on the resistivity of the soil and on
the linear extension of the railway network
(Palangio et al., 1991). 

The two artificial signals are evident in the
vertical component, whereas they do not appear
in the horizontal components because the spec-
tral amplitude of the natural signals on the hor-
izontal components is thirty times larger than
the vertical component. Figure 8 shows the SR

Fig. 6. An example of 7 s time domain record with a sampling rate of 256Hz. Note the presence of the SR Q-bursts.
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Fig. 7. An example of the SR spectral resonance structures. The first four harmonics are evident in all the three
components. The Z component shows also two peaks at frequencies ≈ 16.7Hz and ≈ 26.2Hz due to artificial
signals. For clarity the values of the Z component are multiplied by 30.

Fig. 8. An example of the SR fundamental mode. Note that the peak frequency fx = 7.6Hz is equal to fy, where-
as fz = 8.2Hz. For clarity the values of the Z component are multiplied by 100.
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fundamental mode obtained from the data col-
lected on January 1, 2008 between 15:00 UT
and 16:00 UT. The frequencies of the peaks are
fx=7.6 Hz, fy=7.6 Hz and fz=8.0 Hz. In this case
fx ≡ fy, but generally, the frequencies fi of the
three components are different (Nickolaenko
and M. Hayakawa, 2002). At frequencies that
are below the SR there is another kind of reso-
nance, named IAR. 

The Ionospheric Alfvén Resonator is the
definition of the vertical structure of the plasma
density decay from the ionosphere to the mag-
netosphere. The existence of this resonator was
proposed for the first time by Polyakov (1976).
Alfvén waves propagating along the geomag-
netic field lines are partialleflected from re-
gions of large Alfvén velocity gradient. 

The lower boundary of the resonator coin-
cides with the ionospheric E-layer. 

The upper boundary of the resonator is lo-
cated at an altitude of about 3000 km where the
Alfvén waves are partialleflected from the re-
gion of large Alfvén velocity gradient due to
the rapid decrease of the plasma density
(Surkov et al., 2004). 

IAR resonance spectrum shows daily and
latitude dependence and it is regularly ob-
served, especially at night time, at middle lati-
tudes. 

Usually the resonance frequencanges in the
interval [0.5 - 7.0]Hz, while the frequency in-
terval ∆f between the peaks ranges in the inter-
val [0.5 - 3.0]Hz at mid latitudes (Belayaev et
al., 2000; Hayakawa et al., 2004). As for the
SR, it is supposed that the electromagnetic
emissions due to the global thunderstorm activ-
ity and the vertical neutral wind are the main
excitation source of IAR (Belayaev et al.,
1989). 

Figure 9 shows an example of the spectral
resonance structure of IAR calculated from the
data collected in Duronia on December 29,
2007 between 19:00 UT and 20:00 UT. 

In this case, the IAR resonance structure
shows five peaks at frequencies below 8Hz
with a frequency interval between the peaks
about 1Hz. Figure 9 is only an example of a
spectrum of what we assume to be IAR; in the
future a more in- depth study of IAR will be
planned. 

Fig. 9. An example of the spectral resonance structures of IAR. The frequency interval between the peaks is
about 1Hz. For clarity the values of the Z component are multiplied by 100.
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3. Conclusions

A new Italian station to monitor the electro-
magnetic fields was set up in Duronia with the
AIM to develop a Geomagnetic Observatory. 

The peculiarity of the site of Duronia is the
low electromagnetic environmental noise. We
have briefly described the experimental setup
showing the characteristics of the installed in-
strumentation. Some preliminaresults are
shown concerning the study of the spectral res-
onance structure of the Schumann Resonance
(SR), in the Earth-ionospere cavity, and the
Ionospheric Alfvén Resonator (IAR). When
many data are available, we will be able to plan
a systematic study on the changes in SR and
IAR parameters, and the study of the electro-
magnetic anomalies possibly linked with the
tectonic activity. In addition, the project to set
up a triangle interferometer in the Adriatic area
is reported.
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