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ELECTROMAGNETIC SIGNALS IN ELF BAND RELATED TO THE SEISMIC SEQUENCE OF
VERZEGNIS (UDINE - ITALY) IN JUNE - JULY, 2019 - MAGNITUDE MAX. EQUAL TO 3.9 Mw

Riccardo Rossi
Friuli Experimental Seismic Network — Pozzuolo del Friuli — Udine (Italy) (www.fesn.org)
Associazione Radioamatori Italiani (www.ari.it)

ABSTRACT

Numerous are the testimonies of electromagnetic signals precursors of seismic events detected with the most
different modalities, starting from the radio signals received from radio amateurs to arrive at the monitoring of
particular frequencies of the electromagnetic spectrum not only by institutional bodies but also by amateurs.
This article concerns anomalous electromagnetic signals detected in the ELF band from a dedicated monitoring
station, located in Trasaghis in the province of Udine, correlated to a series of seismic events (max 3.9 Richter)
occurring in the Tolmezzo - Verzegnis - Venzone area province of Udine (Italy) between June, 16 and July,
07,2019.

The station detected the first anomalous signals eighteen days and then again three days before the main event.
The signals then continued even further, probably indicating the continuing state of tension, as evidenced by
the subsequent seismic events.

The detected signals are located in the band between 1 and 10 Hz, and were detected by a very high inductance
antenna connected to a standard seismic station. The similarity with other signals detected by the twin station
of Pasian di Prato (UD) during the events of 2016-2017 in central Italy is significant.

It is therefore suggested to use a mobile station in order to detect the state of seismic stress in an area already
affected by an important seismic event for prevention and civil protection purposes.
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DISCUSSION

The study of the precursor phenomena of seismic events has historical ~ roots and despite the difficulty of
obtaining sufficiently precise results able to predict the area, intensity and timing of activation of relevant
events, the studies continue with encouraging results that perhaps, in the future, will be able to provide some
responses that can be used for prevention and civil protection purposes.

Electromagnetic signals recorded in correspondence, in advance and subsequently to earthquakes  of
considerable magnitude, have also been detected by amateurs radio.

One phenomenon in particular has been the subject of study by prof. Enzo Mognaschi of the University of
Parma. He analyzed the phenomenon starting from the information obtained from the amateur radio Mr. Marco
Eleuteri di Todi (PG) who observed unusual changes in the background electromagnetic noise observed before
the May 12th 1997 Magnitude Magnitude of 4.7 Richter, with epicenter in Massa Martana (PG) — Italy, which
was followed by a more devastating 6.0 with epicenter in Annifo (PG) on 26 September of the same year.

In the 90s of the last century, studies to detect precursory signs were numerous in that, during this period,
scientists were convinced to prevent large earthquakes by studying these signals. Despite numerous attempts,
however, it has been shown that not all seismic events are accompanied by precursor signs or that  these,
however, are not always detectable, since they depend on different physical conditions that can change from
site to site. This has challenged the possibility of  using these phenomena systematically for earthquake
prediction. Inrecent years, however, some researchers have begun to study the phenomenon with new
techniques, in the hope of being able to find more data that may prove useful for the prediction of important
seismic events.

The precursor signals, in general, are induced by the phenomenon of dilatancy which normally precedes a
seismic event. The signals are different and are listed by Cicerone et al. (2009).

Some of these phenomena have been studied more frequently, such as the concentration variations of the argon
gas and especially of the radon gas (Biagi et al. 2004) (Riggio and Santulin 2015).

Recent studies have also analyzed the possibility that magnetic storms of solar origin may be able to produce

a seismic trigger on areas already subjected to stress (Casey and Choi 2017).

The ability of rocks to emit energy in the form of electromagnetic waves has been verified in the laboratory by
several researchers (Frid et al. 2000) (Nardi 2009). Its electrical properties have also been analyzed, finding
that these very according to temperature, electrical voltage, frequency and chemical properties (Engler 2011)
(Olhoeft 1981).
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The possibility of exploiting electromagnetic signals to predicting seismic events has been the object of study
by many other researchers through ground instruments (Minadakis et al.2011) (Lacidogna et al. 2011)

Manno 2003) (Mavrodiev and Thanassoulas 2001). In particular, Gershenzon and Bambakidis (2001) proposed
a model for the characterization of electromagnetic seismic signals.

Soil electric fields (Thanassoulas 2007) have also been studied in order to predict the formation of relevant
seismic events. Thanassoulas et al. (2008) have shown that such signals can also occur in correspondence with
the increase in lithospheric stress due to lunar tides. It has also been verified that charged particles, branched
from internal areas of the lithosphere, can reach the surface and rise up to the ionosphere (Aleksandrin et al.
2003).

Many researchers have studied the correlation between electromagnetic signals and relevant seismic events
(Parrot 1990) (Fidani 2012) (Cataldi et al. 2017) (Molchanov et al. 2003) (Ida et al. 2008) (Eftaxias et. Al
2000). Petraki et al. (2015) list a long series of seismic events related to electromagnetic signals recorded
before them.

The path of electromagnetic waves within the lithosphere has also been studied (Petraki et al. 2015).
Furthermore, it is not excluded that inside the lithosphere wave guides may be created as indicated by Sujay
Pal (2015). Barr et al. (2000) analyzed the propagation of VLF and ELF waves.

Some researchers have verified the possibility of finding the direction of origin of electromagnetic signals in
order to identify the epicenter of a relevant  earthquake even with stations located in areas disturbed by
background noise (Tutsui 2005) (Straser et al. 2018) (Ohta et al. 2011).

Winda Astuti (2014 - 2013), using the method developed by Thanassoulas, deals with the possibility of
deriving the epicenter position by analyzing the electrical signals of the ground captured by means of earth
dipoles.

Other researchers, on the other hand, have studied anomalous signals received from satellites in orbit recorded
before the occurrence of relevant seismic events (Zhang et al. 2012).

It was possible to verify that the satellites can capture changes in the state of the ionosphere in correspondence
with areas subjected to seismic stress (Parrot 1990) (Henderson at al. 1993) (Kelley 2017) (Bhattacharya and
Gwal 2007) (He and Heki 2018) (Pulinets 2004).

Recently He and Heki (2017) have analyzed changes in the ionosphere status detected by GPS satellites,
managing to correlate these anomalies to specific areas subjected to seismic stress in which, subsequently,
strong earthquakes occurred.

Still through satellite surveys, variations in proton flux were detected before seismic events (Cataldi et  al.
2017).

The study of electromagnetic seismic precursors by amateurs with different methodologies derived from their
own experiences, in Italy has been active for several years.

Among others: Renato Romero (www.vlf.it) Adriano Nardi (INGV), Cristiano Fidani (CIEN) (Fidani 2017)
Violi Roberto (Giano Network https://retegiano.jimdo.com) and myself (FESN www.fesn .org-  ARI
WWW.ari.it).

Seismic Sequence

The seismic sequence object of the present work has occurred in the area between the Municipalities of
Tolmezzo, Verzegnis, Venzone, Resiutta and Osoppo in the province of Udine, in a period of time between
June 16 and July 7, 2019.

The maximum magnitude achieved was 3.9 Richter.

It should be noted that the most significant events occurred in the Municipality of Verzegnis.

In total, the Seismological Center of Udine (www.rts.crs.inogs.it) detected 51 events having magnitudes
between 0.1 and 3.9 Richter within a radius of about 20 kilometers from the Trasaghis station. The most
relevant were about 14 kilometers away.

The seismic sequence seems to indicate a state of widespread stress in the faults of the considered area,
probably a consequence of the first seismic shock occurred in the Municipality of Verzegnis on 14.06.2019, at
13.57 UTC, M. 3.9 Richter.
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Sequenza sismica compresa tra il 14 giugno e il 16 luglio 2019 nella zona di Verzegnis - Tolmezzo - Venzone

Fonte: OGS - Centro ismologico Udinese - www.http://rts.crs.inogs.it
N. Event id Date Lat Lon Mag Location
1 122871 14/06/2019 10:55 46,3575 13,0253 0.6 2 km SO di Cavazzo Carnico (Udine)
2 122875 14/06/2019 13:57 46,3910 12,9860 3.9 1 km NO di Verzegnis (Udine)
3 122883 14/06/2019 14:01 46,3928 12,9865 1.1 1 km NO di Verzegnis (Udine)
4 122884 14/06/2019 14.06 46,3910 12,9955 1.5 0 km NE di Verzegnis (Udine)
5 122886 14/06/2019 14:08 46,3880 13,0083 0.3 1 km E di Verzegnis (Udine)
6 123173 14/06/2019 14:16 46,3955 12,9920 0.3 1 km N di Verzegnis (Udine)
7 123175 14/06/2019 14:26 46,3970 12,9803 0.4 1 km NO di Verzegnis (Udine)
8 122888 14/06/2019 14:33 46,3945 12,9927 0.5 1 km N di Verzegnis (Udine)
9 122889 14/06/2019 15:40 46,3923 12,9970 0.4 1 km NE di Verzegnis (Udine)
10 122890 14/06/2019 16:13 46,3932 12,9917 20 1 km N di Verzegnis (Udine)
11 122895 14/06/2019 19:09 46,3937 12,9973 1.0 1 km NE di Verzegnis (Udine)
12 122898 14/06/2019 19:14 46,3932 12,9900 0.8 1 km NNO di Verzegnis (Udine)
13 123177 14/06/2019 19:32 46,3152 13,2602 0.5 6 km N di Lusevera (Udine)
14 122906 14/06/2019 22:07 46,3942 13,0003 1.7 1 km NE di Verzegnis (Udine)
15 123179 15/06/2019 01:48 46,3420 13,1302 0.4 1 km NO di Venzone (Udine)
16 123180 15/06/2019 02:10 46,3357 13,1215 0.3 1 km O di Venzone (Udine)
17 122914 15/06/2019 03:15 46,3883 13,0028 0.5 1 km E di Verzegnis (Udine)
18 122915 15/06/2019 03:44 46,3442 13,1320 0.5 1 km NNO di Venzone (Udine)
19 122916 15/06/2019 03:58 46,4545 12,9360 0.1 3 km N di Lauco (Udine)
20 122917 15/06/2019 04:12 46,4013 12,9923 3.4 1 km N di Verzegnis (Udine)
21 123181 15/06/2019 05:06 46,3480 13,1443 0.4 2 km NNE di Venzone (Udine)
22 123183 15/06/2019 07:18 46,3733 13,0242 0.4 1 km ONO di Cavazzo Carnico (Udine)
23 123184 15/06/2019 07:35 46,3888 12,9882 0.3 0 km ONO di Verzegnis (Udine)
24 123185 15/06/2019 07:43 46,3803 12,9918 0.1 1 km S di Verzegnis (Udine)
25 123186 15/06/2019 07:50 46,3892 12,9902 0.1 0 km NO di Verzegnis (Udine)
26 123187 15/06/2019 07:54 46,3467 13,1317 0.3 2 km NNO di Venzone (Udine)
27 122927 15/06/2019 14:08 46,3903 13,0015 17 1 km ENE di Verzegnis (Udine)
28 122939 15/06/2019 19:14 46,3395 13,1270 0.5 1 km NO di Venzone (Udine)
29 123188 15/06/2019 19:31 46,3420 13,1372 0.1 1 km N di Venzone (Udine)
30 122945 15/06/2019 20:33 46,3960 13,0062 1.3 1 km OSO di Tolmezzo (Udine)
A1 122950 15/06/2019 20:41 46,3918 12,9977 0.3 1 km NE di Verzegnis (Udine)
32 122955 15/06/2019 21:52 46,3890 12,9833 0.2 1 km O di Verzegnis (Udine)
33 122968 16/06/2019 00:02 46,3370 13,1225 1.2 1 km ONO di Venzone (Udine)
34 122972 16/06/2019 03:58 46,3890 12,9880 0.7 0 km ONO di Verzegnis (Udine)
35 123202 16/06/2019 04:15 46,3360 13,1297 0.3 1 km ONO di Venzone (Udine)
36 122979 16/06/2019 13:40 46,3930 12,9897 3.0 1 km NNO di Verzegnis (Udine)
37 123233 16/06/2019 20:38 46,3630 13,1547 0.3 3 km NNE di Venzone (Udine)
38 122997 16/06/2019 21:39 46,3395 13,1260 0.7 1 km ONO di Venzone (Udine)
39 123234 16/06/2019 21:46 46,3480 13,1323 0.4 2 km NNO di Venzone (Udine)
40 122999 16/06/2019 22:54 46,3375 13,1273 0.5 1 km ONO di Venzone (Udine)
41 123125 22/06/2018 18:03 46,3335 13,2152 1.3 6 km E di Venzone (Udine)
42 123168 25/06/2018 01:49 46,3900 12,9913 0.3 0 km N di Verzegnis (Udine)
43 123252 26/06/2018 00:46 46,3422 13,1598 0.1 2 km ENE di Venzone (Udine)
44 123196 26/06/2018 04:18 46,4312 13,1642 0.4 4 km NO di Moggio Udinese (Udine)
45 123292 29/06/2018 00:16 46,3927 12,9982 0.3 1 km NE di Verzegnis (Udine)
46 123337 29/06/2018 14:30 46,3885 12,9988 0.3 1 km E di Verzegnis (Udine)
47 123473 05/07/2019 17:56 46,2382 13,1065 0.5 3 km SE di Osoppo (Udine)
48 123506 07/07/2018 12:06 46,3897 12,9777 0.7 1 km O di Verzegnis (Udine)
49 123510 07/07/2019 21:09 46,3988 12,9963 3.0 1 km NNE di Verzegnis (Udine)
50 123569 10/07/2019 03:19 46,3938 13,0207 0.4 0 km SSE di Tolmezzo (Udine)
51 123693 16/07/2019 02:05 46,3475 13,2322 1.0 5 km S di Resiutta (Udine)

Fig. 1 — List of seismic events detected by the Seismological Center of Udine (INGV) between in 2019/06/14 and 2019/07/16 in
the area between Tolmezzo, Venzone, Verzegnis and the immediate vicinity. The most relevant events are highlighted in green
and yellow.
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MAIN EVENT

The main event took place on June 14, 2019, at 13:57 UTC. The moment magnitude calculated by the Centro
Ricerche Sismologiche di Udine, headed by the Istituto Nazionale Gefisica e Vulcanologia, was 3.9 Mw.
The main shock was preceded by a small event of 0.6 Richter occurred a few kilometers away in the area of
Cavazzo Carnico.

After the shock of 3.9 Mw and until July 16, 2019, another 49 shocks with a magnitude of between 0.1 and 3.4
Mw have followed.
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Fig. 2 — Seismogram of the main event with a magnitude of 3.9 Mw, which occurred in the Municipality of Verzegnis (UD) on June

14,2019, at 13:57 UTC. The seismogram was produced by the Trasaghis amateur station using a FMES (Fluid Mass Electrolitic
Sensor) built by the author.
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Fig. 3 - Map of the considered area with the epicentres of the seismic events detected highlighted. The main events are in green
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CHARACTERISTICS OF THE MONITORING STATION

The construction of the monitoring station is the result  of sharing experiences and skills among different

researchers.

The first component of the station is the very high inductance antenna. This device consists of about 100,000
turns of insulated copper wire of 0.20 mm diameter, wound on coils of about 17,000 turns each, formed by a
50 mm diameter fiberglass reel.

Fig. 6 Realisation of the antenna with very high inductance
Note the 6 coils with 17,000 turns of insulated
copper wire and the protruding core formed by soft
iron bars.

These coils are inserted into a plexiglass tube which is in turn filled with soft iron bars.

The coils are finally wrapped in a loop of aluminum foil which acts as a screen for parasitic electric fields.
An external tube made of HDPE (High Density Polyethylene) protects the entire construction.

The antenna is positioned vertically.

The amplification and filter circuit used is suitable for the connection of seismic sensors (eg geophones) and

was designed by Mauro Mariotti, owner of the SARA company in Perugia, supplier of seismic prospecting

equipment.

The device used was built by the author of this article based on the original plans.

The signal received from the antenna, amplified and filtered, is sent to an 18-bit resolution digital/analogue

ﬁonversign card, whose design is always by the firm of Sara in Perugia and whose construction also was
omemade.

The output data from the A/D card are processed by the software for S.0. Windows named Seismowin,
produced and made available free of charge by the SARA company (http://www.sara.pg.it).
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Fig. 7 - Screenshot of the Seimolog-Edu software (Seismowin element) used, together with a data acquisition device, for recording
seismic events using a personal computer with a Windows operating system. Note the three real-time traces of the connected sensors.
In the case of operation with the aforementioned antenna, one of the channels is reserved for the latter.
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The Seismowin software processes the signal producing, in addition to the video reconstruction of the signal
in real time, also the "DRUM" screen, that is the daily recording in the time domain and the "DRUM FFT", a
daily spectrogram obtained by Fourier transformed.

In order to allow other researchers to duplicate the experience reported here it  is specified that the
instrumentation described above, apart from the antenna, can be replaced with a standard seismic monitoring
station, preferably 24-bit, provided that it is compatible with the Seismowin software.

CHARACTERISTICS OF MONITORING

The station monitored and saved the daily screens of the electromagnetic signal ~ detected by the antenna,
between 0 and 25 Hz, for the entire period considered.

During this period it was found that the station detects a relatively low background noise, considered its
position in a foothill area sufficiently distant from sources of significant anthropogenic noise such as power
lines or other sources of disturbance. In any case the network frequency at 50 Hz is sufficiently above the band
considered, so as not to generate interfering signals.

In the standard screen, recorded with relatively minor differences compared to the one presented below, the
characteristics of the background noise can be seen, indicated in the image by the green color, covering most
of the screen where the reference hours are indicated on the abscissa , starting from 0:00 UTC until 24:00 UTC
and on ordinate the monitored frequencies are indicated, starting from O up to 25 Hz. The sampling frequency
is equal to 100 Hz.

Fig. 8 - Spectrogram related to a day of recording of electromagnetic activity. On the x-axis the time expressed in hours, on the
ordinate the reference frequency (0-25 Hz). At the bottom right the color references in the range between -41 and +50 dB / count.
Note the yellow and red bars relating to disturbances of anthropogenic and natural origin (motors, lightning and other) and the part
between about 1 and 10 Hz without interference.

The number of vertical bars that make up the screen is equal to 288, processed on the basis of the detected
signal portion comprising 300 seconds.

It can be noted that in the band between about 0.5 Hz and about 10 Hz, the detected signal is quite homogeneous
and free from interference and it is therefore possible to detect any anomalies in this band.

The monitoring carried out was characterized by almost zero anomalies from the first start, generating screens
comparable to those detected by the twin station located in Pasian di Prato (UD) which is located at a distance
of about 27 km, in line of air, compared to the Trasaghis station.
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ANOMALOUS SIGNALS

The first anomalous signals were recorded by the Trasaghis station starting from 26 May 2019, consisting of
an increase in background noise that lasted throughout the day.

On May 29th, shortly after 07.00 UTC, another anomalous signal was recorded consisting of a focused signal
at a frequency slightly higher than 1Hz which lasted until about 5.00pm on June 1st.

The increase in background noise also occurred on June 2, 12, 13, 14, 15, 16 and 17; June 15 with particular
intensity.

Diffuse background noise |
between 0.1 and 10 Hz

Fig. 9 - Spectrogram of June 26, 2019. Note the increase of the background noise in yellow on the green background included in
the rectangle in the signal band between 0.1 and 10 Hz.
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Start signal
focused at around 1 Hz 1

ST ———

< T -

Fig. 10 - Program of May 29, 2019. Note the beginning of the focused signal at about 1 Hz and the anthropogenic or natural noise
in the band between 0 and 1 Hz approximately.

End of focused signal

Fig. 11 - Spectrogram of June, 01, 2019. Note the end of the focused signal at about 1 Hz after about 58 hours.
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Fig. 13- Spectrogram of June 14,2019with the most significant events highlighted.
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It should be noted that similar signals comprising both the increase in diffuse noise and the signal focused
around 1 Hz were recorded in the twin station of Pasian di Prato in conjunction with the seismic events of
central Italy in 2016 and 2017. This survey was the subject of a previous article (27).

CONCLUSIONS

The actual capacity of rocks subject to seismic stress to emit signals by means of a piezomagnetic effect in the
band considered by the present article has already been analyzed by other researchers. It is therefore reasonable
to think of correlating the anomalous signals received with the stress state of the faults existing in the vicinity
of the Trasaghis station, which were probably activated due to the stresses induced by the first important event
in Verzegnis.

It is important to note that the first anomalous electromagnetic signals were detected 18 days before the main
event and that these signals continued well beyond this event, probably highlighting the stress state of the faults
involved in the area.

Therefore, following this experience, it is possible to experiment with the use of a standard mobile seismic
station, equipped with an antenna similar to that present in the reference station, to monitor the stress state of
faults activated by high events magnitude, positioning the station near the epicenter in order to try to assess
potential further aftershocks for the purpose of study, prevention and civil protection. However, it should also
be considered that the responses of the various sites can be very different and therefore any data collected in
these conditions will have to be evaluated with the utmost care and prudence.

The absence of similar signals, during the period considered, in the Pasian di Prato station, is probably due to
the greater distance with respect tothe source area (about 45km) andtothe limited hypocentral
electromagnetic energy released.

ACKNOWLEDGMENTS

We thank to Gabriele and Daniele Cataldi (LTPA Observer Project), Renato Romero (VLF.it) and above all
Mr. Marco Toni (IK4MKG), for advice on antenna construction. Mr. Biondi Roberto (IV3BUT) for the kind
collaboration, Mrs. Marzia Vuerich for the hospitality of the Trasaghis station and the Associazione
Radioamatori Italiani (Italian Amateur Radio League) for supporting this research.

BIBLIOGRAPHY

1. S.Yu. Aleksandrin - A. M. Galper - L. A. Grishantzeva - S. V. Koldashov - L. V. Maslennikov - A.M. Murashov
- S. A. Voronov - Space Physics Institute, Moscow State Engineering Physics Institute, Kashirskoe shosse 31, 115409
Moscow, Russia - P. Picozza - Dept. of Physics, Univ. of Rome ”Tor Vergata” and INFN Sez. Rome2, via della
Ricerca Scientifica 1, [-00133 Rome, Italy - V. Sgrigna - Dept. of Physics, Univ. of Rome "Roma Tre”, via della
Vasca Navale, 84, [-00146 Rome, Italy - High-energy charged particle bursts in the near-Earth space as earthquake
precursors - https://hal.archives-ouvertes.fr/hal-00317001, 2003.

2. Winda Astuti, Rini Akmeliawati, Wahju Sediono, and M. J. E. Salami - Hybrid Technique Using Singular Value
Decomposition (SVD) and Support Vector Machine (SVM) Approach for Earthquake Prediction - IEEE JOURNAL
OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 7, NO. 5,
MAY 2014.

3. W. Astuti, W. Sediono, R. Akmeliawati, A. M. Aibinu, and M. J. E. Salami - Intelligent Mechatronics System
Research Units (IMSRU), Department of Mechatronics Engineering - International Islamic University Malaysia,
Gombak, Selangor Darul Ehsan, Malaysia - Nat. Hazards Earth Syst. Sci., 13, 1679-1686, 2013 - www.nat-hazards-
earth-syst-sci.net/13/1679/2013/.

4. R. Barr - National Institute of Water and Atmospheric Research, Greta Point, Wellington, New Zealand; Llanwyn
Jones - Physics Department, King’s College, Strand, London, WC2R 2LS, UK , C.J. Rodger - Physics Department,
University of Otago, P.O. Box 56, Dunedin, New Zealand - ELF and VLF radio waves - Journal of Atmospheric and
Solar-Terrestrial Physics 62 (2000) 1689-1718.

5. Shourabh Bhattacharya and A.LK.Gwal - Space Science Laboratory, Department of Physics, Barkatullah
University, Bhopal-462 026, India - Observations made by Demeter micro-satellite for ultra low frequency and
extremely low frequency emissions during indonesian earthquake, 2007.

6. P.F. Biagi, R. Piccolo, A. Minafra, T. Maggipinto, L. Castellana — Department of Physics-INFM, University of
Bari, Via Amendola 173, 70126 Bari, Italy - O. Molchanov - United Institute of the Earth’s Physics, Russian
Academy of Science, Bolshaya Gruzinskaya 10, 123995 Moscow, Russia - A. Ermini - Department of Physics and
Energy Science and Technology, University of Rome Tor Vergata, Via di Tor Vergata, 00133 Rome, Italy - V. Capozzi,
G. Perna - Department of Biomedical Sciences-INFM, University of Foggia, Via L. Pinto, 71100 Foggia, Italy - Y.



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

Page 170 New Concepts In Global Tectonics Volume 7, Number 3, December 2019

M. Khatkevic and E. 1. Gordeev - Experimental and Methodical Seismological Department, Geophysical Service,
Russian Academy of Science, Pijp Av.9, 683006 Petropavlovsk-Kamchatsky, Russia - Retrospective analysis for
detecting seismic precursors in groundwater argon content - Natural Hazards and Earth System Sciences (2004) 4:
9-15 SRef-ID: 1684-9981/nhess/2004-4-9.

John L. Casey and Dong R. Choi - International Earthquake and Volcano Prediction Center (IEVPC) - 4 relationship
between solar activity, energy transmigration, and New Zealand earthquakes - New Concepts in Global Tectonics
Journal, V. 5, No. 2, June 2017 — pp. 255-260.

Daniele Cataldi, and Gabriele Cataldi - Radio Emissions Project, Rome (I) Valentino Straser — independent
resercher - SELF-VLF Electromagnetic Signals and Solar Wind Proton Density Variations that Preceded the M6.2
Central Italy Earthquake on August 24, 2016 - International Journal of Modern Research in Electrical and Electronic
Engineering - Vol. 1, No. 1, 1-15, 2017 _http://www.asianonlinejournals.com/index.php/IIMREER.

Gabriele Cataldi, Daniele Cataldi - Radio Emissions Project, Rome (I). Riccardo Rossi - Friuli Experimental
Seismic Network (FESN), Udine (I) and Valentino Straser - Department  of Science and Environment UPKL
Brussels (B) - SELF-ELF Electromagnetic signals correlated to M5+ Italian Earthquakes occurred on August 24,
2016 and January 18, 2017 - NCGT JOURNAL Volume 5, Number 1, March 2017 pp. 134-143.

Robert D. Cicerone - Department of Earth Sciences, Bridgewater State College, Bridgewater, MA 02325, USA -
John E. Ebel - Weston Observatory, Department of Geology and Geophysics, Boston College, 381 Concord Road,
Weston, MA 02493-1340, USA - James Britton - Weston Observatory, Department of Geology and Geophysics,
Boston College, 381 Concord Road, Weston, MA 02493-1340, USA - Weston Geophysical Corporation, 181 Bedford
Street, Suite 1, Lexington, MA 02420, USA - 4 systematic compilation of earthquake precursors - Tectonophysics
476 (2009) 371-396.

Kostas Eftaxias, John Kopanas, Nikos Bogris, Panaylotis Kapiris, George Antonopoulos, and Panayiotis
Varotsos - Solid Earth Physics Institute, University of Athens - Detection of electromagnetic earthquake precursory
signals in Greece - Communicated by Seiya UYEDA, M.J.A., April 12, 2000).

Thomas W. Engler, Ph.D., P.E. - Electrical Properties of Rocks - Lecture notes for PET 370, 2011.

Cristiano Fidani - Osservatorio Sismico “Andrea Bina”, Perugia, Italy - Daniele Marcelli - 2 Central Italy
Electromagnetic Network, Fermo, Italy - Ten Years of the Central Italy Electromagnetic Network (CIEN) Continuous
Monitoring - Open Journal of Earthquake Research, 2017, 6, 73-88 http://www.scirp.org/journal/ojer.

Cristiano Fidani - Physics Department, Perugia University, Via A. Pascoli, Perugia 06123, Italy - The Central Italy
Electromagnetic Network and the 2009 L'Aquila Earthquake: Observed Electric Activity - Geosciences 2012, 1, 3-
25; doi:10.3390/geosciences1010003.

Vladimir Frid - Dov Bahat - The Deichmann Rock Mechanics Laboratory of the Negev - Department of Geological
and Environmental Sciences - Julia Goldbaum - Avinoam Rabinovitch -  The Deichmann Rock Mechanics
Laboratory of the Negev - Physics Department, Ben-Gurion University of the Negev, Be’er Sheva, Israel -
Experimental and theoretical investigations of electromagnetic radiation induced by rock fracture - Isr. J. Earth Sci.;
49: 9-19, 2000.

N. Gershenzon and G. Bambakidis - Department of Physics Wright State University, Dayton, Ohio U.S.A. -
Modeling of seismo-electromagnetic phenomena - RUSSIAN JOURNAL OF EARTH SCIENCES, VOL. 3, NO. 4,
PAGES 247-275, OCTOBER 2001.

Liming He - Department of Geodesy and Geomatics, School of Resources and Civil Engineering, Northeastern
University, Shenyang, China - Department of Earth and Planetary Sciences, Hokkaido University, Sapporo, Japan -
Kosuke Heki - Department of Earth and Planetary Sciences, Hokkaido University, Sapporo, Japan - lonospheric
anomalies immediately before M w 7.0-8.0 earthquakes - JGR Space Phys. 2017.

Liming He - Department of Geodesy and Geomatics, School of Resources and Civil Engineering, Northeastern
University, Shenyang, China - Department of Earth and Planetary Sciences, Hokkaido University, Sapporo, Japan -
Kosuke Heki - Department of Earth and Planetary Sciences, Hokkaido University, Sapporo, Japan - Three-
Dimensional Tomography of lonospheric Anomalies Immediately Before the 2015 Illapel Earthquake, Central Chile
- JGR Space Phys. 2018.

T. R. Henderson, V. S. Sonwalkar, R. A. Helliwell, U. S. Inan, and A. C. Fraser-Smith - 4 Search for ELF/VLF
Emissions Induced by Earthquakes as Observed in the lonosphere by the DE 2 Satellite - JOURNAL OF
GEOPHYSICAL RESEARCH, VOL. 98, NO. A6, PAGES 9503-9514, JUNE 1, 1993.

Y. Ida - M. Hayakawa - Department of Electronic Engineering and Research Station on Seismo Electromagnetics,
The University of Electro-Communications, 1-5-1 Chofugaoka, Chofu, Tokyo, 182-8585, Japan - D. Yang - Q. Li -
Institute of Geophysics, China Earthquake Administration, Beijing 100081, China - H. Sun - Kashi Observatory,
Earthquake Administration of Xinjiang Uygur Autonomous Region, Xinjiang 844000, China - Detection of ULF
electromagnetic emissions as a precursor to an earthquake in China with an improved polarization analysis - Nat.
Hazards Earth Syst. Sci., 8, 775-777, 2008 - www.nat-hazards-earth-syst-sci.net/8/775/2008/.




21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 171 New Concepts In Global Tectonics Volume 7, Number 3, December 2019

Michael C. Kelley - Wesley E. Swartz - School of Electrical and Computer Engineering, Cornell University, Ithaca,
New York, USA, Kosuke Heki - Department of Natural History Sciences, Hokkaido University, Sapporo, Japan -
Apparent ionospheric total electron content variations prior to major earthquakes due to electric fields created by
tectonic stresses - Journal of Geophysical Research: Space Physics, 122(6): 6689-6695, 2017.

G. Lacidogna, A. Carpinteri, A. Manuello, - Department of Structural Engineering & Geotechnics. Politecnico di
Torino. Corso Duca degli Abruzzi 24 - 101 29 Torino Italy - G. Durin, A. Schiavi, G. Niccolini and A. Agosto -
National Research Institute of Metrology - INRiM. Strada delle Cacce 91 Torino, Italy - Acoustic and
Electromagnetic Emissions as Precursor Phenomena in Failure Processes — strain - An International journal for
Experimental Mechanics, 2011.

Rodolfo Manno - Italian Committee for Project Hessdalen - Onde radio nella Banda LF e precursori sismici, 2003.

S. Cht. Mavrodiev, C. Thanassoulas - Institute for Nuclear Research and Nuclear Energy - Bulgarian Academy of
Sciences - Possible correlation between electromagnetic earth fields and future earthquakes - Seminar Proceedings -
23-27 July, 2001 Sofia.

G. Minadakis - Department of Electronic and Computer Engineering, Brunel University Uxbridge, Middlesex, UB8
3PH, UK. - S. M. Potirakis - Department of Electronics, Technological Educational Institute of Piracus, 250 -
Thivon & P. Ralli, GR-12244, Aigaleo - Athens, Greece , C. Nomicos - Department of Electronics, Technological
Educational Institute of Athens, Ag. Spyridonos, Egaleo, GR 12210, Athens, Greece , K. Eftaxias - Department of
Physics, Section of Solid State Physics, University of Athens, Panepistimiopolis, GR 15784, Zografos, Athens,
Greece - Linking electromagnetic precursors with earthquake dynamics:  an approach based on nonextensive
fragment and self-a ffhe asperity models - arXiv:1111.4829v2 [physics.geo-ph] 23 Nov 2011.

O. Molchanov, A. Schekotov, E. Fedorov, G. Belyaev, E. Gordeev - Preseismic ULF electromagnetic eféct from
observation at Kamchatka - HAL Id: hal-00299021 - https://hal.archives-ouvertes.fr/hal-00299021, 2003.

A. Nardi - Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy - M. Caputo - Department of Physics,
University of Rome ‘‘La Sapienza’’, Rome, Italy - Department of Geology and Geophysics, Texas A&M University,
College Station, Texas, USA - Monitoring the mechanical stress of rocks through the electromagnetic emission
produced by fracturing - International Journal of Rock Mechanics & Mining Sciences 46 (2009) 940-945.

Ohta, K., J. Izutsu, A. Schekotov, and M. Hayakawa (2013), The ULF/ELF electromagnetic radiation before the
11 March 2011 Japanese earthquake, Radio Sci., 48, 589-596, doi:10.1002/rds.20064, 2013.

G. R. Olhoeft - Department of Physics, University of Toronto, Toronto, Ontario - Electrical Properties of Rocks -
CINDAS data series on material properties, volume 11(2), 1981;

Sujay Pal - Thesis submitted for the degree of Doctor of Philosophy (Science) in Physics (Theoretical) of the
University of Calcutta - Numerical Modelling of VLF Radio Wave Propagation through Earth-lonosphere Waveguide
and its application to Sudden Ionospheric Disturbances, 2015.

Michel Parrot - Laboratoire de Physique et Chimie de I’Environnement, 450 71 Orleans Cedex 02, France -
Electromagnetic Disturbances Associated With Earthquakes: An Analysis of  Ground-Based and Satellite Data -
Juurnal of Scientific Exploration. Vol. 4, No. 2, pp. 203-211, 1990;

Petraki E - Stonham J - Brunel University, Department of Engineering and Design, Kingston Lane, Uxbridge,
Middlesex UB8 3PH, London, UK - Nikolopoulos D - Yannakopoulos P - TEI of Piraeus, Department of Electronic
Computer Systems Engineering, Petrou Ralli and Thivon 250, GR-12244 Aigaleo, Athens, Greece - Nomicos C -
TEI of Athens, Department of Electronic Engineering, Agiou Spyridonos, GR-12243, Aigaleo, Athens, Greece —
Cantzos D - TEI of Piracus, Department of Automation Engineering, Petrou Ralli and Thivon 250, GR-12244
Aigaleo, Greece - and Kottou S - University of Athens, Medical School, Department of Medical Physics, Mikras
Asias 75, GR-11527 Goudi, Athens, Greece - Electromagnetic Pre-earthquake Precursors: Mechanisms, Data and
Models-A Review - Earth Science & Climatic Change - http://dx.doi.org/10.4172/2157-7617.1000250, 2015.

Sergey Pulinets — Space Research Institute — lonospheric Precursors of Earthquakes Recent Advances in Theory
and Practical Applications - TAO, Vol. 15, No. 3, 413-435 September 2004.

A. Riggio and M. Santulin - Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS), Trieste, Italy -
Earthquake forecasting: a review of radon as seismic precursor - Bollettino di Geofisica Teorica ed Applicata Vol.
56, n. 2, pp. 95-114; June 2015.

Valentino Straser - Department of Science and Environment UPKL Brussels (B) - Daniele Cataldi, and Gabriele
Cataldi - Radio Emissions Project, Rome (I) - Radio Direction Finding System; a new perspective for global crust
diagnosis - New Concepts in Global Tectonics Journal, v. 6, no. 2, June 2018 — pp. 202-210 - www.ncgtjournal.com.

Thanassoulas, P.C., B.Sc in Physics, M.Sc — Ph.D in Applied Geophysics Retired from the Institute for Geology
and Mineral Exploration (IGME) Geophysical Department, Athens, Greece - Pre-Seismic Electrical Signals (SES)
generation and their relation to the lithospheric tidal oscillations K2, S2, M1 (T = 12hours / 14 days), 2008.

Thanassoulas Constantine: “Short Term Earthquake prediction” — 2007.



Page 172 New Concepts In Global Tectonics Volume 7, Number 3, December 2019

38. Minoru Tsutsui - Department of Information and Communication Sciences, Kyoto Sangyo University, Kyoto, Japan
- Identification of earthquake epicenter from measurements of electromagnetic pulses in the Earth - GEOPHYSICAL
RESEARCH LETTERS, VOL. 32, L20303, doi:10.1029/2005GL023691, 2005.

39. X. Zhang, X. Shen, Michel Parrot, Z. Zeren, X. Ouyang, ct al. - Phenomena of electrostatic perturbations before
strong earthquakes (2005-2010) observed on DEMETER - Natural Hazards and Earth System Sciences, European
Geosciences Union, 2012, 12, pp.75-83. <10.5194/nhess-12-75-2012>. <insu-01179988>.



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15

