Nat. Hazards Earth Syst. Sci., 11, 3334, 2011 y -*
www.nat-hazards-earth-syst-sci.net/11/333/2011/ G Natura;rll-ldazEaarrdtﬁ

doi:10.5194/nhess-11-333-2011 A
© Author(s) 2011. CC Attribution 3.0 License. System Sciences

The European VLF/LF radio network to search for earthquake
precursors: setting up and natural/man-made disturbances

P. F. Biagi?, T. Maggipinto?, F. Righettil, D. Loiacondt, L. Schiavullil, T. Ligonzo!, A. Ermini 3, I. A. Moldovan?®,
A. S. Moldovar®, A. Buyuksarac®, H. G. Silva’, M. Bezzeghoud, and M. E. Contadakis®

1Department of Physics, University of Bari, Bari, Italy

2Inter-Department Centre for the Evaluation and Mitigation of the Volcanic and Seismic Risk, University of Bari, Italy
3Department of Mechanical Engineering, University of Tor Vergata, Rome, Italy

4National Institute of Earth’s Physics, Seismological Depth., Bucharest, Magurele, Romania

SAZEL-Designing Group S.R.L., Bucharest, Magurele, Romania

6Canakkale Onsekiz Mart University, Depth. of Geophysics, Canakkale, Turkey

"Geophysical Centre dfvora and Physics Department, ECT, Universitfzobra, Portugal

8University of Thessaloniki, Department of Surveying & Geodesy, Thessaloniki, Greece

Received: 12 October 2010 — Revised: 16 December 2010 — Accepted: 25 December 2010 — Published: 7 February 2011

Abstract. In the last years disturbances in VLF/LF radio sig- 1 Introduction

nals related to seismic activity have been presented. The ra-

dio data were collected by receivers located on the ground oProcesses that occur during the preparation phase of a forth-
on satellites. The ground-based research implies systematgoming earthquake, such as gas and ionized particles emis-
data collection by a network of receivers. Since 2000 the “Pa-Sion from the Earth’s surface, fluctuations in the groundwater
cific VLF network”, conducted by Japanese researchers, hatVel, changes in the electrical resistivity of the ground, give
been in operation. During 2008 a radio receiver was develfise to phenomena such as micro-variations in the Earth's
oped by the Italian factory Elettronika (Palo del Colle, Bari). gravity, electromagnetic emissions and changes in the refrac-
The receiver is equipment working in VLF and LF bands. tive index of the troposphere. According to the most recent
It can monitor 10 frequencies distributed in these bands andand convincing models (Mareev et al., 2002; Molchanov,
for each of them, it saves the power level. At the beginning 0f2004), these phenomena determine a particular lithosphere-
2009, five receivers were made for the realization of the “Eu-ionosphere coupling and cause variation of the medium in
ropean VLF/LF Network”; two were planned for Italy and Which radio signals propagate, affecting especially radio
one for Greece, Turkey and Romania, respectively. In 201@Propagation in the VLF (15-60 kHz) and LF (150-300 kHz)
the network was enlarged to include a new receiver installed®ands. The VLF radio signals are used for time signal, nav-
in Portugal. In this work, first the receiver and its setting up in igation and military purposes and they propagate using the
the different places are described. Then, several disturbancdzarth-ionosphere channel as a waveguide. The LF radio sig-
in the radio signals related to the transmitters, receivers, mebals are used in long-wave broadcasting and are character-

teorological/geomagnetic conditions are presented and ddzed by a ground-wave and a sky-wave propagation mode.
scribed. The first generates a stable signal that propagates in the chan-

nel Earth-troposphere; the second generates a signal which
varies greatly between day and night, summer and winter,
and which propagates using the lower ionosphere as a reflec-
tor. In any case, the electric field strength (intensity) of the
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Table 1. List of the VLF/LF radio signals sampled by each receiver of the network.

Receiver Radio Signal (transmitter)

VLF LF
IT-Ba GBZ, ICV, DHO, NRK, ITS
IT-An GBZ, HWU, DHO, NRK FRI, TRT, EU1, MCO, RRU, CZE
IT-Tc GBZ, ICV, DHO, NRK, ITS RRO, TRT, EU1, MCO, CZE
GR GBZ, ICV, DHO, NRK, ITS RRO, TRT, EU1, CH1, CZE
TUR GBz, ICV, HWU, DHO, ITS RRO, TRT, EU1, RRU, CZE
ROM GBz, GBZ, HWU, DHO, NRK, ITS EU1, CH1, MCO, CZE
POR GBZ, HWU, DHO, NRK, ITS RRO, TRT, EU1, CH1, MCO

. During the last fevy ye_ars, c_1|§turbances in VLF/LF rad'o_TabIe 2. Peculiarities of the VLF/LF transmitters of the European
signals related to seismic activity have been presented (Biretwork.

agi et al., 2001a, b; Biagi and Hayakawa, 2002; Biagi et al.,

2004, 2005, 2006, 2007; Gufeld et al., 1992; Hayakawa and | gpel  Country Power (kW)  Frequency (kHz)
Sato, 1994; Hayakawa et al., 1996, 2006; Molchanov and —
Hayakawa, 1998; Rozhnoi et al., 2005, 2006a, b). The radio I%%/Z gre;t B”tﬁ'q 19'25(?_2272'10
data were collected by receivers located on the ground. Re- ardinia (Italy) '
. A HWU  France 21.75
cently, some possible seismic disturbances revealed by VLF DHO  Germany 23.4
r.adio signals collected on board the French DEMETER satelj NRK  Iceland 37_'5
lite were presented by Molchanov et al. (2006) and Rozhnoi |15 Sicily (Italy) 45.9
etal. (2007). RRO  Romania 1200 153
Ground-based research is carried out by means of re- FRI France 2000 162
ceivers able to sample some parameters of the radio signals TRT  Turkey 1200 180
as intensity and phase with a rate of few seconds or minutes. EU1  Germany 2000 183
Here, the setting up of a new network installed in Europe CH1  Algeria 2000 198
at the beginning of 2009 is described. Several disturbances MCO  France 1200 216
pointed out during the first running period are presented and RRU  Russia 2500 261
CZE  Czech Republic 500 270

discussed.

2 Radio receivers and networks
1 min. At the same site a meteorological station was put into

Since 2000 Japanese researchers have been relying on the @peration during 2005.
istence of a VLF radio network (Pacific network) of seven  During 2008 a new receiver was developed by the Italian
receivers able to measure the intensity and the phase dhctory Elettronika (Palo del Colle, Bari). The new receiver
VLF radio signals from two different transmitters (Fig. 1a). can work both in the VLF and the LF band. It can monitor
The receivers are the Japanese OmniPal model (Dowden araltotal of 10 frequencies distributed in these bands and, for
Adams, 1989) and are connected to a computer through aach of them, it saves the power level detected on a big non-
digital card and use a GPS sensor and a rectilinear antennalatile memory at a selectable sample time interval. The
for the signal’s registration (Fig. 1b). power level is expressed in gBas dB, = 20log(Vimvpp). For

On February 2002, within the framework of a scientific simplicity, in the different figures of this paper showing data
cooperation among Japanese, Russian and Italian teams, anllected with this receiver, the gBindication on the y-axis
OmniPal receiver, labelled IT-Ba, was put into operation in is not reported.
the Department of Physics of the University of Bari (south The receiver has two standard XLR antenna connectors,
Italy, Fig. 2), giving input to the development of a European one for each band, with four poles. On the same connector
network. On the basis of the best reception at the receivethere is the differential input signal from the antenna and the
and, taking into account the most convenient radio paths irdual power supply voltage for the preamplifier that is located
relation to the seismic activity, the following transmitters near the antenna. Its aim is to convert the high impedance
were selected: GBZ, ICV, DHO, NRK and ITS (Table 1). of the low-frequency antennas to a low impedance to drive
Their locations are shown in Fig. 2 and some of their pecu-the cable and to amplify the captured signal level introduc-
liarities are reported in Table 2. The sampling rate used isng very low noise. The two antennae, made of brass, are

Nat. Hazards Earth Syst. Sci., 11, 3334, 2011 www.nat-hazards-earth-syst-sci.net/11/333/2011/



P. F. Biagi et al.: The European VLF/LF radio network for searching for earthquake precursors 335

55§ T— — - : i

F e
\ : ice Uni
‘ \

s
5 3

* &
=
[+
3
3
g
@

g {

L |

2 |

2 a0 —_

&

: o 1 L & JIY(40kH2)

=

g U y ) o % CHO

§‘ | oy, i TAT

L] J & KOC
0 ——i— 1(22.2kHz)
o .

TWN 0 500 1000

w0 R — — — — L
15 120 125 130 135 140 145 150 155 160
(a) Geographic Longitude [deg] )

Fig. 1. (a) Pacific VLF radio network. The receivers (OmniPal) are marked by stars and five are located in Japan, one in Kamchatka
(Russia), and one in Taiwan. The signals collected come from JJY (40kHz) and JJI (22.2 kHz) transmitters located itbYdjen.
OmniPal recording system.

rectilinear, long 1.5m (LF band) and 2.0m (VLF band), re-
spectively. The huge amount of data collected is organized in
text files, one for each day. The configuration of the equip-
ment, the check of its status and the download of the col-
lected data are made possible using resident software with g
Web-based Graphical User Interface and of an HTTP server.
Data transfer and management is also possible through a reg
ident FTP server. Then, either local or remote TCP/IP con-
nectivity with the instrument and above-mentioned software
is allowed by means of a standard Ethernet interface and of g
GSM modem (configured for data calls), both mounted in
the chassis of the receiver. The equipment is represente(
on the home page of the INFREP (International Network
for Frontier Research on Earthquake Precursors) web sitg
(http://beta.fisica.uniba.it/infrep/

It should be mentioned that the receiver was designed for
easy interactivity and communication. Thanks to the facility Fig. 2. Map showing the receivers and transmitters of the network.
of remote and furthermore “web-ready” data managementThe stars show the locations of the VLF/LF receivers. The orange
the set up of a network of such receivers, located on strategistar represents the OmniPal type; the yellow ones represent the Elet-
sites (from a seismic point of view), was straightforward. In tronika type. The circles on the map indicate the LF (blue) and VLF
fact, at the beginning of 2009 five receivers were prepared(fed) transmitters, the signals of which are collected by the different
two for Italy and one for Greece, Turkey and Romania, re_receivers. Some peculiarities of these transmitters are reported in
spectively, and the setting-up started. In 2010 another EletTaPle 2-
tronika receiver was installed in Portugal.

At the moment all data from the various sites are collected Some peculiarities of the VLF and LF transmitters, the sig-
on a weekly basis in the Department of Physics in Bari andp | of which is sampled by the various receivers (as specified
aré processe_d for swtabl_e analysis. ) in next section), are reported in Table 2. Their locations are

However, in order to find the best reception, several ac- P

. . . ! . ~shown in Fig. 2.

tions were made in the different places, as is described in

the next section. The receivers are labelled IT-An and IT-

Tc (Italy), GRE (Greece), TUR (Turkey), ROM (Romania), 3 Setting up the Elettronika receivers

POR (Portugal) and their actual locations are shown in Fig. 2.

A sampling rate of 1 min was set for all receivers. The setting up of the first five receivers was carried out from
March to July 2009. The setting up of the receiver in Portu-

gal is still in progress. The main effort was: (a) the sampling

www.nat-hazards-earth-syst-sci.net/11/333/2011/ Nat. Hazards Earth Syst. Sci., 34132841
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Fig. 3. (a) Trend of the intensity of five LF radio signals sampled in Bari (southern Italy) during a period of eight days. The noise appears
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reduced on 21-22 March, corresponding to Saturday and Sufijayend of the intensity of the same radio signals sampled in Torre Canne
(southern Italy) during a period of eight days. A low level of noise is evident in each trend during all days.

of the same radio signals by different receivers; (b) the recep-
tion with a low noise level; (c) the reliability of the on-line
connection. Sometimes in order to realize the items (b) and
(c), it has not been possible to respect the statement (a). The
situation at each site is described in the following.

— IT-An: At the beginning the receiver was installed near

Nat.

the mouth of the Amare cave that is situated on the
southern slope of the Gran Sasso mountain chain, at
a distance of 10 km from L'Aquila city (central Italy).
Since 1985, in order to investigate possible earthquake
precursors, some of the authors have installed a receiver
in the same place, powered by a battery connected to a
solar panel, able to measure the intensity of three LF ra-
dio signals and the Electronika equipment was planned
to substitute for this one. The main problem of the new
receiver in this site is its power consumption, which is
quite high (20 W), and the difficulty of the online con-
nection (low mobile phone field). After different at-
tempts, the decision was made to move the receiver to
another site; a country house in a small village located
at a distance of about 20 km west of the previous one
was available and here the receiver was put into opera-
tion. The location of the site is shown in Fig. 2 and the
list of the radio signals actually sampled is reported in
Table 1.

IT-Tc: At the beginning the receiver was installed in
Bari (Department of Physics of the University) with the
purpose of substituting for the OmniPal receiver in op-
eration here. Unfortunately, the reception of the LF sig-
nals (not sampled by the OmniPal receiver) appeared
extremely disturbed because of a high noise level. The
situation is shown in Fig. 3a where it is evident that ac-
ceptable reception exists only at the weekends. Due to

Hazards Earth Syst. Sci., 11, 3334, 2011

the fact that the reception of the VLF signals is good

in this place, the decision was to leave the Omnipal re-
ceiver for VLF signals sampling here and to move the

Elettronika receiver to another place. A house in a vil-

lage (Torre Canne), located south of Bari city at about
80 km, was available and the receiver was put into oper-
ation here. The location of this site is shown in Fig. 2.

Here, a good reception of the LF radio signals exists as
Figure 3b shows. The radio signals actually sampled in
this place are indicated in Table 1.

GR: The receiver was put into operation in the building
of the School of Art in the University of Thessaloniki.
Some frequencies were changed in order to have better
reception and radio paths crossing more seismic zones.
The radio signals actually sampled in this place are in-
dicated in Table 1 and the location of the site is shown
in Fig. 2.

— TUR: At the beginning the receiver was put into opera-

tion in Sivas city (Cumhuriyet University). A high noise
level both for VLF signals and for LF signals appeared,
as shown in Fig. 4a. Several tests have revealed that
the noise was the electrical background of the city, so
the decision was made to move the receiver to another
“quieter” site. Some tests have indicated the thermal
Resadiye zone, in the North Anatolian Fault Zone, lo-
cated at about 70 km north of Sivas, as a suitable site for
good reception of the radio signals. A hotel in this zone
was available and here the receiver was put into opera-
tion. The excellence of the reception appears in Fig. 4b.
The location of the site is shown in Fig. 2. The list of
the signals actually sampled is reported in Table 1.

www.nat-hazards-earth-syst-sci.net/11/333/2011/
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Fig. 4. (a) Trend of the intensity of four VLF/LF radio signals sampled in Sivas (eastern Turkey) during five days. All the signals appear
disturbed and irregular(b) Trend of the intensity of the same radio signals sampled in Resadiye (eastern Turkey) during five days. The

reception of the different signals is good enough and regular.

— ROM: After some tests in Bucharest, the receiver was4 Main disturbances of radio data

moved to the Black-Sea shore (Dobruja Seismologic

Observa’[ory)_ The location is indicated in F|g 2. Here, The research of seismic effects on the radio data is based
at beginning' unsatisfactory data characterized by a h|g}'pn the Spotting of disturbances. In this framework a funda-

noise-level on both the bands were obtained. The wholgnental step is the identification of possible disturbances re-
receiving chain was verified using a programmable sig-lated to causes different than seismicity. The analysis of data
nal generator and other specific lab-testing devices. Th&ollected by the receivers of the network has allowed us to

results of this check-up revealed that there was no malteveal several disturbances of this type. They appear to be
function of the receiver due to damage or somethingrelated to the transmitter, to the receiver or to meteorologi-

similar. Then, it was noted that the monitored data did cal/geomagnetic conditions.

not show any diurnal variation of the electric field’s in-
tensities at the chosen frequencies. Moreover, the ou

put ‘?"’?‘ta indicated a high level of the electric field's in- Figure 6 shows a drop of about five days in the intensity of
tensities at all frequencies, as there was a large spectru% DHO radio signal. The drop appears simultaneously in
zilrr]aesrlt;)c G‘:{'ﬁgtﬂf Ee\lgl t;hf' ggng;nl?;:sL:Srira:u?]z?r?rif(;jthe data collected by all the receivers in operation at that time

y 9 g 9 (August, 2009). Itis evident that this disturbance is related to

observatory or by the Ipcat specific electric proprieties some interruption of the normal broadcast of the DHO radio
of the atmosphere, which is salt-saturated. After some

station.
tests, the decision was not to the change of the site (be- Figure 7 shows a change in the trend of the HWU inten-
cause it represents a good place for this research) but

Sity collected by the IT-An, TUR and ROM receivers starting
the replacement of the rectilinear electric-type anten-
from 5 July 2010. The quality of reception increases strongly
nas with loop magnetic-type ones. These new antennas

were planned and realized by the Romanian Team an(?t ROM site where a bad signal becomes a good one. A lit-
P y le improvement happens at IT-An site, Whereas the reception
they are described in detail in Moldovan et al. (2010).

The changenas enabled ood eception f bl e VLIDCE 29030 LU 6 where 20 e cal o e
signals and the LF ones, as shown in Fig. 5. The list of? ity g i9

than at daytime, i.e. the situation is opposite to the normal
the radio signals actually sampled in this site appears in
Table 1. one. The disturbances shown in Fig. 7 are clearly connected

with an increase of the power radiated from the HWU trans-
POR: The Elettronika receiver was put into operation mitter. Similarly, disturbances connected with decrease of
in the University ofEvora.Evora is a city located about the radiated power from some transmitters have been ob-
100 km in west direction respect to Lisbon. The location served and, for example, a good signal recorded in a place
is shown in Fig. 2. The setting up is still in progress; the can thus become a bad signal.
radio signals actually sampled are indicated in Table 1.

4.1 Disturbances related to the transmitter

www.nat-hazards-earth-syst-sci.net/11/333/2011/ Nat. Hazards Earth Syst. Sci., 34132841
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Fig. 6. Trends of the intensity of DHO (23.4 kHz) radio signal sam- Fig. 7. Trends of the intensity of the HWU (21.75 kHz) radio sig-

pled by IT-Ba, IT-Tc, IT-An, TUR and GR receivers during 10-27 nal collected by IT-An, TUR and ROM receivers during 1-10 June,

August 2009. A drop in the values in the time interval 17—-21 August 2010. Starting from 5 July, a change in all the trends appears. At

clearly stands out. ROM the quality of reception increases clearly; a little improvement
happens at IT-An, while the reception turns bad at TUR, where the
signal becomes saturated.

4.2 Disturbances related to the receiver

_ceiver in the time interval 27-30 July, 2009. Different con-
Figure 8 shows a decrease of the intensity of VLF radio Sig-yqs carried out at the site enabled us to discover that the

nals collected by IT-Tc receiver, starting on 8 January 2010 crease/disturbance was produced by a radio amateur oper-
No similar effect appears on the LF radio signals collectedatmg in a house located near the receiver.

by the same receiver; at the same time, the VLF radio sig-

nals collected in the other sites of the network do not shows 3 pisturbances related to meteorological/geomagnetic

the same decrease. A control of the IT-Tc equipment carried  gnditions

out after several days, has revealed a breaking of the VLF

antenna, probably due to a gust of wind. After the antennarigure 10 shows the trends of the intensity of two LF and

was repaired, the effect disappeared. two VLF radio signals collected by the IT-Tc receiver in the
Figure 9 shows an increase/disturbance of the intensity ofime interval 9-18 October 2009. In the same figure the air

both LF and VLF radio signals collected by the IT-Tc re- temperature, the air pressure and the rainfall recorded by the

Nat. Hazards Earth Syst. Sci., 11, 3334, 2011 www.nat-hazards-earth-syst-sci.net/11/333/2011/
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(183kHz), NRK (37.5kHz), DHO (23.4 kHz) and GBZ (19.58 kHz) 2009. The remaining panels show the trends of the intensity of
radio signals collected by IT-Tc receiver during 5-11 January, 2010CZE (270kHz) and TRT (183 kHz) LF radio signals and of ICV
Starting from January 8, a decrease appears on VLF (NRK, DHO(20.27 kHz) and GBZ (19.58 kHz) VLF radio signals collected by
GBZ) signals, while no modification appears on LF (MCO, EU1) IT-Tc receiver during the same period. A decrease/disturbance of
signals. the radio intensities appears during 13—14 October when an abrupt

decrease of the air temperature, a large decrease of the air pressure

and rain happened.
IT-Tc pp

270 kHz

10 A M M WWMMM Torre Canne, that is the place where the receiver IT-Tc is into
0

operation, was more intense and crucial. So, the possibility

T T T T T T 1
2 ek that the decrease/disturbance of the radio intensities at IT-Tc
‘2ZMMJM~M is related to the meteorological condition seems realistic. In
T T T T T T 1

180 kHz any case, it must be noted that the radio data at IT-Ba do not

2 MWWMLM_/” reveal any clear effect.
Figure 11 shows the trends of the daytime intensity (the

5
. ' ' ' ' ' D s range from 09:00 a.m. to 02:00 p.m. (UT) was selected)
® WMM\%WW%W of RRO, TRT, EU1, MCO radio signals collected by the GR
59 : : : : : : : receiver in the time interval 17-23 June 2010. An evident
30 19.58 kHz increase of intensity appears on all the trends during June 20.
201 ﬂmu BM On this day, from the local meteorological data the occur-
" rence of an intense summer storm stands out. Hence, the ra-
25 26 27 28 29 30 31 .. o .
July 2009 dio intensity increases pointed out are connected to the elec-
tricity produced by lightning.
Fig. 9. Trends of the intensity of the CZE (270kHz), MCO  Figure 12 shows the intensity of GBZ, DHO, NRK radio
(216 kHz), TRT (180kHz), NRK (37.5kHz) and GBZ (19.58kHz) signals collected by the IT-Ba receiver (Omnipal type) in the
radio signals collected by IT-Tc receiver during 25-31 July, 2009. time interval 1-20 November 2004. In the same figure the
From 27 to 30 July, an increase/disturbance happens on all thgeomagnetic indices Jpand k are reported. In the days
trends. from 7 to 11 November, disturbances appear on the radio in-
tensities; very clear is the effect on the DHO signal. Simul-
) ) o ) ) taneously, the geomagnetic indices reveal a large increase of
meteorological station operating in Bari (Sect. 2) is reported;geomagnetic activity. So, it is very realistic that the distur-

From the figure a decrease/disturbance of the radio intensigsnces on the radio signals were produced by the geomag-
ties appears on 13-14 October; during those same days th&stic condition.

meteorological data reveal an abrupt decrease of air temper-
ature, a large decrease of air pressure and the occurrence of
rain. This meteorological situation is related to Bari, but lo-
cal information indicated that the meteorological situation in

www.nat-hazards-earth-syst-sci.net/11/333/2011/ Nat. Hazards Earth Syst. Sci., 34132841
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) o . Fig. 12. In the period 1-20 November 2004, from the top read-
Fig. 11. Daytime intensity of the RRO (153kHz), TRT (180KH2), jng downwards: B geomagnetic index, k geomagnetic index,

EU1 (18_3 kHz) qnd MCO (216 kHz) radio signals coIIecte_d by the {he intensity (dB) of GBZ (19.58kHz), DHO (23.4kHz), NRK
GR receiver during 17-23 June 2010. The data are copied by th%7.5 kHz) radio signals sampled by the IT-Ba receiver (Omnipal

raw set selecting each day the time interval from 09:00 am. 10y ey A Jarge increase in the geomagnetic activity stands out dur-
02:00 p.m. (UT). An evident increase appears on all the trends Ofng 7-11 November.

20 June, a day characterized by an intense summer storm.

In the other two circumstances mentioned above, probably
only the simultaneous appearance of the disturbance in all or
several VLF and/or LF signals recorded by that receiver will
allow the identification of its origin. The Figs. 8 and 9 show
eexamples of these effects.

5 Discussion

Meteorological conditions and geomagnetic activity can af-
fect the propagation of VLF/LF radio signals. Particularly,
the meteorological conditions produce disturbances in th
troposphere refractive index, troposphere electricity (light-
ning), the relative permittivity and the conductivity of the ¢ Conclusions
ground; the geomagnetic activity produces variations in the
ionosphere conditions. In the past, some disturbances offhe study we performed has revealed that a lot of different
the propagation of the VLF/LF radio signals related to thesesources of disturbances must be monitored in order to claim
effects have been presented (Kikuchi, 1981; Kleimenovathe disturbances in radio signals are related to seismicity. The
et al., 2004; Biagi et al., 2005; Rozhnoi et al., 2006b). next step of our research will be the study of the different
Mainly, meteorology affects the LF radio signals and the ge-time series of the radio data using methods of analysis such
omagnetic activity the VLF ones. The results presented inas the Wavelet, the PCA (Principal Component) and so on,
Figs. 10-12 confirm this influence. Anyway, if a correlation in order to reveal anomalies in the radio signals related to the
is claimed between radio disturbances and the meteorologieccurrence of earthquakes. The results of the present study
cal/geomagnetic variations, they must occur simultaneouslywill have a fundamental role in discriminating possible seis-
So, simultaneity is one of the criteria to individuate these ra-mic effects from other different sources of disturbances.
dio disturbances.

Nonetheless, this study has revealed disturbances in rgcknowledgementsThis research was partially supported by
dio signals related to variations of the power radiated by theFoundation of the Cassa di Risparmio di Puglia bank (F.C.R.P,,
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If the effect is related to the transmitter, the disturbancey,e rcT (Science and Technology Foundation) for the grant

must appear simultaneously in the related signal recorded bgFRrH/BPD/63880/2009 (HGS).

the different receivers of the network. The cases shown in

Figs. 6 and 7 are evident examples of this effect. So, thisEdited by: K. Eftaxias

type of radio disturbance can be easy identified. It must beReviewed by: O. A. Pokhotelov and another anonymous referee
noted that a network of several receivers is fundamental for

this purpose.
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