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Abstract. On 6 April 2009 a strong X,,=6.3) earth- 1 Introduction
guake occurred in the Abruzzo region (central Italy). Since

19?6' the intensity of CLT (=189kHz, Sicily, Italy), MCO g Apruzzo earthquake occurred near L'Aquila city (cen-
(f=216kHz, France) and CZEfE270kHz, Czech Repub- o) talv) on 6 April 2009 (UTC 01:32:39) producing dam-

lic) brqadcast signals h_as been cplle_cted with a ten minute(s:‘ges and causalities. The magnitudg was 6.3; a seismic
sampling rate by a receiver operating in a place located aboule ,ence took place in the zone since the middle of January
13. km far from thg epicenter. During March 2009, the old '€ 2009; the aftershocks activity is still active and the epicentres
ceiver was substituted with a new one able to measure, W'“?;lre spread in a large area in North direction with respect to

one minute sampling rate, the intensity of five VLF signals e 5cation of the main shock [INGV (National Institute of
and five LF signals radiated by transmitters located in d'ﬁer'Geophysics and Volcanology) web site].

ent zones of Europe. The MCO and CZE transmitters men- S
tioned above are included among them. From 31 March to 1 '€ Amare cave (L'Aquila) is situated on the southern

April the intensity of the MCO radio signal dropped and this slope of the Gran _Sasso mountain chain, at a di_stan_ce of
drop was observed only in this signal. The possibility that 13 km from the epicentre, in a North/Northwest direction.
the drop was connected to problems in the transmitter or mThls chain is one of the largest karst areas of the Italian Apen-

the receiver was investigated and excluded. So, the drop indifines and itlargely consists of imestone of different geologic
pochs. The cave extends for more than one hundred metres

cates a defocusing of the radiated signal. Since no particula? :
meteorological situation along the path transmitter-received’0M the mouth and reaches a depth of about eighty metres
happened, the defocusing must be related to other causes, aR§/oW the ground level. At the bottom of the cave a little

a possibility is presented that it is a precursor of the Abruzzo(l0 min (_jiameter) ka_Lrst pool, called De Marchi pool, is lo-
earthquake. cated. Dives exceeding 30 m were unable to reveal the bot-

tom of this pool and it is likely that this pool is linked with
some aquifer of the whole basin that is one of the largest wa-
ter reserves of central Italy. Near the mouth of the cave a
natural spring, named P#&spring is located. Since 1985,

in order to investigate possible earthquakes precursors, some
of the authors have installed: a) electromagnetic and acous-
tic equipments (Bella et al., 1989) near the bottom of the

Correspondence tcP. F. Biagi cave, b) a level meter in the De Marchi pool, c) a receiver
BY (biagi@fisica.uniba.it) able to measure the intensity of three LF radio signals: CLT
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(f=189kHz, Sicily, Italy), MCO (=216 kHz, France) and
CZE (f=270kHz, Czech Republic), in the mouth of the cave.
In addition the flow rate of the Pi@spring has been sampled
systematically. Many results were obtained in the framework
of this research (Bella et al., 1992, 1994a, b, 1996, 1998a, b
c; Biagi and Hayakawa, 2002; Biagi et al., 2001a, b, c, 2002, | &
2004, 20064a, b, 2008). Due to several problems related to thq |
power system, to the data transmission, to different malfunc-
tions of the equipments and so on, practically only the ra-
dio signals were collected systematically during the last four |-
years. Moreover, it must be noted that the CLT transmitter
switched off the broadcasts in August 2004. Fig. 1. (a) One antenna with the relative preamplifier connected
During 2008 a new radio receiver was planned and builtwith the VLF/LF receiver(b) The radio receiver made by Elettron-
up and the old radio receiver operating on the mouth of theka factory; the GSM antenna is visible, too.
Amare cave was substituted with a new one. The result here
presented was obtained by means of this receiver. MCO (216 kHz)

dB new receiver

2 Radio receiver and measurements network

The new radio receiver, made by the factory Elettronika (Palo
del Colle, Bari, Italy), is shown in the Fig. 1b. The equipment = ; T -“ T T e T g
can be powered by batteries or by the main AC power sup- May 2008

ply. It works in VLF (20-50kHz) and LF (150-300 kHz)
bands monitoring ten frequencies distributed in these bands ]
for each of them, the apparatus saves the power level detecte ¢+
on a non-volatile memory at a customizable sampling time .
interval. The receiver must be connected to two different
rectilinear antennas (one per band) with the corresponding
preamplifier (Fig. 1a) located near the relative antenna. The ° 1 2 T 3 s ' 5 6
aim of the preamplifier is to convert the high impedance of May 2009

the low-frequency antennas in a low impedance to drive the

cable and to amplify the captured signal level introducing Fig. 2. Intensity of MCO (216 kHz) radio_signal collected in central
very low noise. The huge amount of data collected by the/@Y (mouth of the Amare cave, L'Aquila) by means of the new
receiver is organized in text files, one for each day. The Con_Elettronlka receiver (top) and of the o!d one (bottom). The data of
. - . - the top trend are related to May 2009; those of the bottom trend to
figuration of the equipment, the check of its status and the,vIay 2008.

download of the collected data are possible by a standard,

powerful and ubiquitous Ethernet interface. Another main

feature is the internal GSM modem that can be used t0 reyye o|d receiver at the mouth of the Amare cave. In the map
motely control the receiver by means of data calls. The in-of Fig. 3 also the location of the different VLF/LF transmit-
terface and the possibilities during remote connection are thgs,s is indicated. During March 2009, the network starts to
same as the local control by Ethernet. operate. The data are collected separately by the different
Figure 2 shows the MCO radio signal collected by the oldteams. The data bank is at the Department of Physics of the

receiver and by the new one in the site described in the preynjversity of Bari, that is the headquarter of the network.
vious section. From the Figure inspection it is evident that

the running of the two equipments is practically the same;
the new receiver is characterized by only a larger dynamic3 Results
range.

At the end of January 2009, a meeting was organized inFigure 4 shows the intensity of the five LF radio signals
Bari (Italy). On this occasion an international cooperation collected by the receiver into operation at the mouth of the
for studying earthquakes precursors was planned (Witp: Amare cave from the beginning of its running (27 March
//beta. fisica.uniba.it/infrejy/in particular, a network consist- 2009) up to end of April 2009. The LF transmitters are FRI
ing of five receivers for sampling LF and VLF radio signals (162 kHz, France), TRT (180 kHz, Turkey), EU1 (183 kHz,
was defined. This network is shown in the map of Fig. 3. Germany), MCO (216 kHz, France) and CZE (270kHz,
The receiver indicated in central Italy is the one substitutingCzech Republic); their location is indicated in Fig. 5. It must

old receiver

Nat. Hazards Earth Syst. Sci., 9, 158556 2009 www.nat-hazards-earth-syst-sci.net/9/1551/2009/


http://beta.fisica.uniba.it/infrep/
http://beta.fisica.uniba.it/infrep/

P. F. Biagi et al.: The Abruzzo earthquake on 6 April 2009 1553

VLFALF NETWORK
| °

© | receiver
[ [ 1.
| LF transmitter

a
| VLF transmitter
4 3 7

Fig. 3. Map showing the location (circles) of the five VLF/LF receivers into operation. They are located in central Italy (mouth of the Amare
cave, L'Aquila), south Italy, Romania, Greece and Turkey. The transmitters, whose signals are sampled by the different receivers, are also
indicated (squares).

be noted that: a) the sampling of the FRI signal was set up CZE (270 kHa)

18 — |

by remote on 30 March; b) on 4 April, some dB gain of the | 2 | I | ‘ ‘ ‘ ‘ ‘ ' I I ‘ ‘ | I ‘ ‘ ‘

LF preamplifier was set up by an attendance in loco. o] G s vl | i M it o
From Fig. 4, a drop of the signal radiated by MCO trans- | *7

mitter from 31 March to 1 April stands up clearly. The fea- 1°‘MHMWWMMWWMWW

ture of the drop can be evaluated taking into account that ZZ_ T T e

the mean daily value (dB) of the signal in the normal days

preceding the preamplifier gain adjustment ist5107 while ’ 1Z_MMWMUMMWWMMW

in the previous time interval is 348.2, where the uncer- n : TR (130 k)
tainty indicates the standard deviation. The possibility that | "7 M ‘ \ l & “ M n M ' “ “ f‘ “ M “ M IN “ | M | l ' ,
this drop could be connected with the transmitter must be ex- | AT
cluded because on the same days, this radio signal was nor| - ‘ R e
mally recorded by the other two receivers (south Italy and 1:: MMWMMMMMW
Romania) of the measurements network (Fig. 1) operating at o o a1 2 a6 8" e Mz 4 "1 8 20 '23 20 2¢ T8 T30

that time, as it is shown in Fig. 6. The possibility that the March - April 2009

drop could be connected with the receiver was examined and

discussed with the engineers of the Elettronika factory and iffig- 4. Intensity of CZE (270kHz), MCO (216kHz), EU1
was excluded also on the basis that the other LF signals ar€-83kH2), TRT (180kHz) and FRI (162kHz) radio signals col-
not affected by the drop. So, the only justification of the drop lected by the (Elett’ronlk_a) receiver Io<_:ated in central Italy (mouth of
is a defocusing of the MCO radio signal occurred along thethe Amare cave, L'Aquila) in the period 27 March—30 April 2009._

. . . L. . The sampling of the FRI channel started 4 days later. The verti-
path tra}nsmltter-recglver. Defocusing of radio signals is WeIIcal dashed line indicates the time occurrence of the Abruzzo earth-
known in radio physics (CCIR Reports, 1990a, b, ¢) and they,ake.
are related to ducts, scattering zones, reflecting layers an
so on, produced by particular meteorological conditions or
synoptic processes such as subsidence, advection, or surface
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Fig. 5. Map showing the location of the five LF transmitters reported in Fig. 4. The black circle indicates the location of the receiver. The
different radio paths are also drawn.

MCO (216 kHz) ory, the sky- wave signal received by an antenna can be con-
central taly sidered as a ray starting from the transmitter and reflected
one or more times (hops) by the lower ionosphere and by
the ground. The MCO radio signal recorded at the mouth of
the Amare cave was investigated in detail in a previous study
(Biagi et al., 2006b); hence it results that at the time of the
anomaly the ground wave practically is the day time signal

10: and the sky wave (one hop) is the night time signal. From
Fig. 4 it stands up that the anomaly is represented by the dis-

20 —

15 +

10 H

30 9 south Italy

3:_ T T ' T ' T ' appearance of the signal at day time and at night time. So,
Romania a defocusing of both the ground wave and the sky wave oc-

7 curred. Assuming a common cause for the defocusing, then

104 the relative processes can happened near the transmitter or

near the receiver, that is where the sky wave is in the lower
troposphere together with the ground wave. The MCO sig-
nal, at the time of the anomaly under study was recorded in
Fig. 6. MCO (216 kHz) radio signal recorded in central Italy (mouth Romania and in south Italy (Fig. 3) without any drop as we
of the Amare cave, L'Aquila), south Italy and Romania from 28 noted previously; so, the zone near the transmitter can be ex-
March to 3 April 2009. cluded as source of the defocusing. Therefore, the cause of
defocusing must be located in the area of the receiver, that
is the area where the Abruzzo earthquake occurred. Thus,
heating or radioactive COOIing. These situations dUring 31the radio anoma]y under Study appears as a precursor of this
March-1 April, were carefully investigated along the path earthquake. It must be noted that the LF radio signals col-
of the MCO radio signal and no particular situation stood up. lected during 20 years with the old receiver in the same place
So, the defocusing we have presented appears as an anomgyesented a similar anomaly twice in different signals; the
first time the anomaly was related to a seismic sequence oc-
. ) curred nearby the receiver (Bella et al., 1998a) and the sec-
4 Discussion ond one (Biagi et al., 2004) to the volcanic eruption of the
Etna volcano (Sicily, south Italy) happened near the trans-

;? e_vl;zvselgnrzls:rgti(;hna:ﬁ\gge:sze_?r?g t?gugr:gfjvcg\;\ga\ﬁ a:dattz%itter CLT (81). The possible explanation of the defocusing
onythe ro?mg agnd in the Iowér tro %s here and prof)/idges under study is as follows: one of the irregularities (ducts, re-

Y posp and p .‘Fﬁecting layers or scattering zones) mentioned above was pro-
stable signal. On the contrary, the sky-wave is greatly vari- d

. . . he electromagneti rticl mission m-

able between day and night and, at day time, between wmteruce.d by the electromagnet c{pa ticles emission, gases e
. . anation and so on, occurred in the preparatory area of the
and summer. According to the wave hop propagation the-

0 T
28 29

March - April 2009

30 31 1 2
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Abruzzo earthquake. In such way a defocusing of the radio Amare cave (Central Italy), Annali di Geofisica, XXXVII, 41—
signals coming to the receiver located in this area could to 46, 1994a.
be produced. The reason of the appearance of the effect onlgella, F., Biagi, P. F., Caputo, M., Della Monica, G., Ermini, A.,
on the MCO (216 kHz) signal can be related to the frequency Plastino, W., and Sgrigna, V., Electromagnetic background and
of the signal or to the direction of the radio path. Gener- Presl‘zel'sT'C anomatl_llesF,) Lecorded '”g‘el At\mda:e Eavztah(Cenktrallalta(ljy),
. . i . n: ectromagnetc enomena Rrelated 10 ear uake Preaic-
ally, the previous irregularities are characterized by a cutoff tion, edited byg: Hayakawa, M. and Fujinawa, Y., T?ERRAPUB,
frequency (CCIR, 1990a). In the case under study no effect Tokyo 1994b,
appears on the radio S|gqals_W|th greater or smaller frequencge”a, F., Biagi, P. F., Caputo, M., Della Monica, G., Ermini, A.,
than 216 kHz, as shown in Fig. 4. So, the frequency does not piastino, W., and Sgrigna, V.: Normal and anomalous behaviour
seem to justify the observed phenomenology and the direc- of electric, magnetic and seismoacoustic signals recorded in the
tion of the path must be claimed. From Fig. 5 it can be noted Amare cave, Annali di Geofisica, XXXIX, 97—100, 1996.
that the MCO-receiver path is the most aligned in West di-Bella, F., Biagi, P. F., Caputo, M., Cozzi, E., Della Monica, G.,
rection with respect to the other ones and this peculiarity can Ermini, A., Plastino, W., and Sgrigna, V.: Field strenght vari-
justify the defocusing of only this radio signal. Probably, ations of LF radiowaves prior to earthquakes in Central Italy,
during the preparatory phase of the Abruzzo earthquake, dif- Phys. Earth Planet. Int., 105, 279-286, 1998a. _
ferent processes have developed in this direction producing®!la. F-. Biagi, P. F., Caputo, M., Cozzi, E., Della Monica, G.,
one of the irregularities mentioned above in a restricted area =Nk A., Plastino, W., and Sgrigna, V.. Aquifer-induced seis-

(some squared kilometer) of the lower atmosphere crossed micity in the Central Apennines (taly), Pageoph, 153, 179-194,
1998b.

by Fhe only MCO signal. Finally, it must be noted that the Bella, F., Biagi, P. F., Caputo, M., Della Monica, G., Ermini, A.,
radio anomaly appeared 7 days before the occurrence of the piastino, W., and Sgrigna, V.: Anomalies in different parameters
Abruzzo earthquake, and it is in good agreement with the re-  rejated to thet/=3.9 Gran Sasso earthquake (1992), Phys. Chem.
cent results indicating precursor times of maximum 10 days Earth, 23, 959-963, 1998c.
for the anomalies in radio signals (Hayakawa et al., 1996 Biagi, P. F., Piccolo, R., Ermini, A., Martellucci, S., Bellecci, C.,
2006; Molchanov and Hayakawa, 1998; Rozhnoi et al., 2005, Hayakawa, M., Capozzi, V., and Kingsley, S. P.: Possible earth-
2006). quake precursors revealed by LF radio signals, Nat. Hazards
Earth Syst. Sci., 1, 99-104, 2001a,
http://www.nat-hazards-earth-syst-sci.net/1/99/2001/
5 Conclusions Biagi, P. F., Ermini, A., and Kingsley, S. P.: Disturbances in LF
radiosignals and the Umbria-Marche (ltaly) seismic sequence in
An anomalies in a LF radio signal occurred prior the Abruzzo _ 1997-1998, Phys. Chem. Earth, 26, 755-759, 2001b. _
earthquake have been presented and discussed. This resfif9"h P F. Piccolo, R., Ermini, A., Marteliucci, S., Bellecci,
is encouraging for research into precursory phenomena be- C., Hayakawa, M., and Kingsley, S. P.: Disturbances in LF
. . L ; radio-signals as seismic precursors, Annali di Geofisica, 44(5/6),
cause it seems possn_ale to obtain information abo_ut the spa- 1011-1019, 2001c.
tial location and the time occurrence of forthcoming earth-gijaqgi p. F., and Hayakawa, M.: Possible premonitory behaviour
quakes. of LF radiowaves on the occasion of the Slovenia earthquakes
(M=5.2-6.0-5.1) occurred on March—-May 1998, in Seismo
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