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Abstract. In February 2002, a receiver was put into op- 1 Introduction

eration at the Department of Physics of Bari University

(Southern ltaly) to record VLF-LF radio signals. The in- For many years research into the interaction between seismic
tensity and the phase of the signals transmitted by GBactivity and disturbances in radiobroadcasts has been carried
(f=16 kHz, United Kingdom), FR f=20.9kHz, France), out. One of the first results was obtained using 18 MHz re-
GE (f=23.4kHz, Germany), IC(=37.5kHz, Island) and ceivers on the occasion of the greal£8.5) Chilean earth-

IT (f=54kHz, Sicily, Italy) has been monitored with a 5s duake of 22 May 1960 (Warwick et al., 1982). The receivers
sampling rate. The intensity raw data averaged over 10 minwere part of a network used for studying cosmic noise. Later,
from February 2002 to April 2006, have been analysed. Sevpre-seismic disturbances in VLF (3-30 kHz) — LF (low band,
eral decreases of the electric field intensity of the radio sig-30—60kHz) radio signals, revealed by ground based mea-
nals with a duration of some days were revealed, generallypurements, have been presented by Japanese and Russian re-
occurring in not concomitant periods. The GE signal de-Searchers (Hayakawa and Sato, 1994; Hayakawa et al., 1996;
creases systematically in winter and summer each year andayakawa et al., 2002; Hayakawa et al., 2006; Molchanov
so, it could be supposed that such decreases are related to thBd Hayakawa, 1998; Rozhnoi et al., 2005; Rozhnoi et al.,
transmitter. On the contrary, all the other decreases pointed006). Morover, pre-seismic disturbances on LF (high band,
out are sporadic and the previous justification does not seer?50—-250 kHz) radio broadcasts pointed out by ground re-
realistic. On the time occurrence of these decreases, the g€€ivers were proposed by Italian researchers (Biagi et al.,
omagnetic activity, the meteorological conditions in the re-2001a, b; Biagi and Hayakawa, 2002; Biagi et al., 2005;
ceiver area and the regional seismic activity were investi-Biagi et al., 2006). VLF-LF (low band) radio signals ra-
gated. The main result is that, generally, a pre or post seismiéliated by powerful transmitters located on the ground can
effect seems to give the most convincing justification. The ef-be received not only by ground receivers but also on board
fect seems to appear for earthquakes with magnitidet.3, of satellites. Recently, some possible seismic disturbances

when the epicentres are within the third Fresnel zone of thé€vealed by VLF radio signals measured on board of the
radio Signa|s or near enough to some radio path_ French DEMETER satellite, were presented by Molchanov
et al. (2006).

2 Equipment and data collecting

On February 2002, in the framework of a scientific coop-
Correspondence td?. F. Biagi eration among Japanese, Russian and Italian teams, a re-
(biagi@fisica.uniba.it) ceiver able to measure the electric field strength (intensity)
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and 5min after the datum). Figure 2a shows the raw data
(bottom) and the averaged data (top) related to the GE trans-
mitter during October 2005. The radio signals show standard
features with high intensity value at night time and low one
at day time. It can be observed that the averaging procedure
does not affect the main features of the signal. The relative
trends of the five radio signals were analysed to search for
irregularities. The main result of this analysis was the find-
ing of several decreases in the intensity of the radio signals
with a duration of some days. This phenomenology stood up
clearly by examining the trends smoothed by a running ad-
jacent averaging over 5 days. As an example the Fig. 2b, at
the bottom, shows the smoothed trend of the GE radio sig-
nal. Many clear decreases of the signal intensity appear, but
it is evident that in many cases the effect is a periodic one,
i.e. in December—January and in June—July. It is reasonable
to assume that these decreases are not connected with natu-
ral phenomena but with systematic reductions of the radiated
power by the transmitter. So, these decreases were not con-
sidered in our analysis and the trend at the top of the Fig. 2b
represents the effective trend of the GE signal that we have
examined. All the other decreases pointed out in the various
radio signals are sporadic and have been considered. Gener-
Fig. 1. Map showing the location of the receiver (Bari) and 4y their occurrence is in not concomitant periods.
ggr:mr)],e FgL(;ZLZZ.S;T::TSZ:Ze), GGBE ffz_zl; ;':,iz lgg:i?anslf% In the past, some influenc_e_ of the geomagnetic aetivity and
(f=37.5kHz, Iceland) and IT/=54 kHz, Sicily, Italy). The differ- of the meteeroleglcal conditions on the propegatmn of the
ent radio-paths are indicated. VLI_:—LF radio signals has been presented (Kikuchi, 1981;
Kleimenova et al., 2004; Rozhnoi et al., 2006b). Then, pos-
sible effects of the seismic activity occurred in the area of

and the phase of five VLF-LF (low band) radio signals wasthe radio paths were pointed out (Hayakawa et al., 1996;
put into operation at Bari (South Italy). The receiver is the Molchanov and Hayakawa, 1998; Rozhnoi et al., 2005;
Japanese OmniPAL model connected to a computer by &R0zhnoi etal., 2006a).

digital card and it is located in the Department of Physics SO, in order to give explanation of the previous decreases
of Bari University. The electric antenna and the GPS sen-of the radio signals intensity, for each case the geomagnetic
sor are installed on the roof of the building. On the ba- activity, the meteorological conditions in the receiver area
sis of the best reception at the receiver and taking into acand the seismic activity was investigated. For the geomag-
count the most convenient radio paths in relation to the seishetic activity the indexex', and D, were considered,; for
mic activity, the following transmitters were selected: GB the meteorological conditions the data of stations located in
(f=16kHz, United Kingdom), FR (=20.9kHz, France), Bari were used and the air temperature, pressure and wind
GE (f=23.4kHz, Germany), ICf=37.5kHz, Iceland) and Velocity were considered as the most indicative parameters
IT (f=54kHz, Sicily, ltaly). The transmitters-receiver dis- (Rozhnoi et al., 2006b); for the seismic activity the earth-
tance ranges from 500 km to 3500 km. Figure 1 shows thequakes withM >4.0 which occurred within the third Fres-
location of the VLF-LF transmitters and of the receiver. A 5s nel zone of each radio signal were considered. The quoted
sampling rate was selected. Well-blended data are availabléone is considered to be the most sensitive to the seismo-
up to April 2006 when the antenna was broken by the windatmospheric effects (Hayakawa et al., 1996; Molchanov and
and several months were necessary to restart the equipmertayakawa, 1998; Rozhnoi et al., 2005).

Here an analysis of the intensity data of the five radio signals

collected from February 2002 to April 2006 is presented.

4 Results

3 Data analysis Figure 3a shows the data measured during April 2002, when

a substantial decrease was observed in the IT radio signal. On
In order to manage the huge amount of data (at 5s samplindg7 April 2002 three earthquakes witi=3.0—4.3 occurred in
rate) we analysed the time series of 10 min means (one dahe gulf of Taranto and an aftershocl €3.4) occurred on 27
tum each 10 min averaged between the raw data 5 min befor@pril. The epicentres are shown in the Fig. 3b.
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Fig. 2. (a) At the bottom, raw data on time series of the intensity of GE radio signal collected during October 2005. The trend at the top is
the averaged 10 minutes time seri@s) The trend at the bottom is the averaged 10 min time series of the raw intensity of GE radio signal,
smoothed by a running adjacent averaging over 5 days. At the top the same trend, where the systematic decreases in December—January a
June—July are removed, is shown.
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Fig. 3. (a) During April 2002, from the top reading downwardk;, geomagnetic indexDs; geomagnetic index, air temperature, wind
velocity, pressure and the averaged 10 min intensity of IT radio signal. The red line indicates the time occurrence of the=main (
earthquake of the gulf of Tarant@h) Map showing the location of the earthquakes occurred in the gulf of Taranto during April 2002. The
IT radio path is indicated.
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of the main (#=4.3) earthquake of the southern Apennines seque(ideMap showing the location of the earthquakes occurred in the
southern Apennines at the end of December 2003. The GB radio path is indicated.
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Fig. 5. (a) In the period 6 February—20 March 2004, from the top reading downwarggieomagnetic indexD;; geomagnetic index,

air temperature, wind velocity, pressure and the averaged 10 minutes intensity of FR and IT radio signals. The red line indicates the time

occurrence of the earthquak& €4.6) happened near the west coast of the Calabria regmrMap showing the location of the quoted
earthquake occurred on 3 March 2004. The FR and IT radio paths are indicated.
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Fig. 6. (a) In the period 1-20 November 2004, from the top reading downwakgsgeomagnetic indexD;; geomagnetic index, air
temperature, wind velocity, pressure and the averaged 10 min intensity of GE radio $mn#&h the period 25 November—-19 December
2004 the same of the Fig. 6a related to the IT radio signal.

Figure 4a shows the data measured during Decembeearthquake witiM=4.7 occurred at the Latium coast and on
2003-January 2004, when a decrease was pointed out in tH& September, an earthquakes wittv4.4 happened near the
GB radio signal. On 30 December 2003 nine earthquakesorth-west border of Italy; these epicentres and the radio path
with M=2.1-4.3 occurred in short sequence in the southerrare shown in the Fig. 7b. It must be noted that the epicentre
Apennines and two foreshock&fE3.1) occurred on 28 De- of the earthquake at the Latium coast is out the third Fresnel
cember. The epicentres are shown in the Fig. 4b. zone of the radio path, but it was considered due to the strict

Figure 5a shows the data measured during 16 Februaryconnection of its location with the IC radio path represented
20 March 2004. Decreases appear in both IT and FR radid®y a well known tectonic line (called Anzio-Ancona) in cen-
signals. At 3 March an earthquake witf=4.6 occurred near tral Italy. This line is indicated in red colour in the Fig. 7b.
the west coast of the Calabria region, as it is shown in the
Fig. 5b. In the same figure the IT and FR radio paths ar . .
indicated. As it concerns the FR radio signal it must be note? Discussion

that the epicentre is out the third Fresnel zone. On the basis of the figures showed in the previous sections,
Figure 6a shows the data measured during 8-12 Novemit is possible to identify connections between the radio de-
ber 2004. The decrease appearing in the intensity of the Glgreases and different kind of phenomenology that could be
radio signal is the alone still present after removing the peri-responsible of these anomalies. The most indicative causes
odic ones (Fig. 2b). We haven't found any reason to removeof perturbation in the radio signal seem to be the seismic
also this decrease because related to the transmitter. Duringhd the geomagnetic activity, and some meteorological dis-
this period, the seismic activity was not very intense within turbances. Anyway, if a correlation is claimed between the
the third Fresnel zone or, more generally, within the radioradio decreases and the geomagnetic or meteorological vari-
path zone. The Fig. 6b shows the data measured during 6—§[ions' they must happen contemporary; on the contrary, a
December 2004, when a decrease was revealed in the IT inemporal shift is reasonable if a correlation between the ra-
tensity. Also in this case no significant earthquake occurred.dio anomaly and the seismic activity is considered, so that
The most recent decrease was observed in the IC radio sigsoth preseismic and postseismic effects can be revealed.
nal, as it appears in the Fig. 7a where the data measured dur- That being stated, looking at the figures, it is possible to
ing August-September 2005 are shown. On August 22 amote that there is an only case of clear connection between a

www.nat-hazards-earth-syst-sci.net/7/423/2007/ Nat. Hazards Earth Syst. Sci., 4382807
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Fig. 7. (a) During August-September 2005, from the top reading downwargigieomagnetic indexps, geomagnetic index, air temper-

ature, wind velocity, pressure and the averaged 10 min intensity of the IC radio signal. The red lines indicate the time occurrence of the
earthquake #=4.7) happened at the Latium coast and of the earthquetket(4) occurred near the north-west border of Itglly) Map

showing the location of the quoted earthquakes and a part of the IC radio path. The red dotted line roughly represents the tectonic line
Anzio-Ancona.

radio decrease and a contemporary increase in the geomadeubtful, due to the location of the epicentre with respect
netic activity, as shown in Fig. 6a, where the GE signal isto the FR radio path, but it could be considered and in this
presented. Instead, no clear correlation appears if we takease it becomes a possible precursor with a duration of 10
into consideration radio decreases and variations in meteoradays. Finally, a decrease of the IC signal is presented in the
logical parameters, due to the shift in time, always existingFig. 7a. The connection with the earthquaké=4.4) that

in all the cases presented, between the two events. happened near the north-west border of Italy is convincing
Now, we can discuss the connection between radio signa#nd probably also a connection with the earthquake4.7)
disturbances and seismic activity. occurred at the Latium coast can be claimed. In fact, the well

Figure 3a shows an intensity decrease in the IT radio sigknown tectonic line Anzio-Ancona connects the location of
nal, lasting about 4 days and its connection with the earththis epicentre with the radio path as we noted in the previ-
quakes happened in the gulf of Taranto, indicated in theOus section. So, probably, two different anomalies exist on
Fig. 3b, seems convincing. So, a radio precursor with athe IC radio signal and they represent two precursors with
duration of three-four days is revealed. In the same way@ duration of 8-12 days. It is possible to note that, in this
the intensity decrease in the GB radio signal presented irfase, also the geomagnetic activity increases during the oc-
the Fig. 4a can be connected with the earthquakes (souttturrence of the radio anomaly but with a shorter duration, so
ern Apennines) shown in the Fig. 4b, so that it appears aghat some minor effects connected with this phenomenology
a precursor with a duration of about seven days. In this caséan be claimed.
also a post seismic effect with a similar duration (Fig. 4a) can Inthe Fig. 6b a decrease of the IT radio signal is presented
be claimed. The situation presented in the Fig. 5a shows tw@nd this is the only case where no possible relations with
different decreases in the FR and in the IT radio signals. Theany parameter has been found out; also the seismic activity
connection of the IT decrease with the earthquake-4.6)  inside and outside the relative Fresnel zone was extremely
happened at the west coast of the Calabria region seems rgioderate.
alistic. In such a case a postseismic effect with a duration So, during the period of the measurements, eight decreases
of 9-10 days can be claimed. On the other hand, the conef the intensity of VLF-LF radio signals were revealed. In
nection of the FR decrease with the same earthquake is morgx cases the connection with the seismicity seems the most
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