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ABSTRACT
In this study, the Radio Direction Finding method is proposed for the detection of electromagnetic signals, in the VLF 

band, to try to anticipate the occurrence of potentially destructive geophysical events. The experimentation concerns the 
interception of electromagnetic anomalies in Sierra Leone, in the five-day time window, associated with seismic events 
that could potentially generate tsunamis. The area of investigation is Sierra Leone, whose coastline is subjected to tidal 
wave hazards triggered by earthquakes generated in the Mid-Atlantic Ridge. Although Sierra Leone is not affected by 
recurrent earthquakes, there is nevertheless a low probability, estimated at 2 percent, of the occurrence of destructive 
earthquakes in the next 50 years. Also in estimates, the risk of rogue and potentially damaging waves is estimated to strike 
the Sierra Leone coast at least once in the next 10 years. The Radio Direction Finding experiment carried out continuously 
24/7, has shown a close relationship between increased radio-anomalies, in the frequencies of 6,000 Hz, a time window 
between electromagnetic anomaly detection and the imminence of an earthquake, and higher frequency times for the risk 
of earthquake occurrence in the Mid-Atlantic Ridge.
Keywords: Tsunami; Radio direction finding; Destructive earthquakes; Mid-Atlantic ridge; Sierra Leone

1. Introduction
The problem of safety and loss of life, due to 

large geophysical events, has been a subject of study 

by international research centers and universities 
around the world for a number of years. Potentially 
destructive earthquakes and catastrophic tsunamis 
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have prompted the scientific community and technol-
ogy to experiment with methods and make devices to 
intercept preseismic signals. Research that has mul-
tiplied in recent decades has shown that we are con-
fronted with a technological limitation that hopefully 
can be overcome as early as the next few years. In 
this study, a method, Radio Direction Finding (RDF), 
is proposed based on intercepting electromagnetic 
frequencies, identifying their propagation direction 
and potential source. The RDF method, still under-
going experimentation and technological evolution, 
was devised in 2017 in Rome, Italy, by physicists 
Daniele Cataldi and Gabriele Cataldi. Its application 
has been tested on both seismic events, including po-
tentially destructive ones, and volcanic activity mon-
itoring. The experimentation has recently started in 
Sierra Leone, a geologically ancient land that is rare-
ly affected by strong earthquakes. Precisely for this 
reason, Sierra Leone represents an open-air labora-
tory for the study of potential catastrophic scenarios, 
induced by geophysical events, which could affect, 
especially, stretches of Atlantic Ocean coastline and 
the capital Freetown. 

1.1 The electromagnetic seismic precursors 
(ESPs)

The study of electromagnetic emissions associ-
ated with earthquakes is based on mechanisms for 
the production of radio emissions generated by me-
chanical deformation, and the following fracturing 
of rocks present in the earthquake preparation zone 
in the preseismic phase. Electromagnetic anomalies 
were observed, for example, on March 11, 2011 be-
fore the earthquake that occurred in Japan [1], or those 
of the Peruvian earthquake of September 25, 2013 [2], 
or even those recorded on August 24, 2016 in Italy [3]. 
These cases are just some of the earthquakes preced-
ed by electromagnetic emissions or electromagnetic 
anomalies recorded on a global scale [4-8]. It was 1890 
when the British geologist John Milne, inventor of 
the eponymous horizontal seismograph, a professor 
at the Imperial College of Engineering in Tokyo and 
founder of the Seismological Society of Japan (SSJ), 
in his work entitled “Earthquakes in Connection with 

Electric and Magnetic Phenomena” [9], described 
some electrical phenomena magnetic and related to 
seismic activity. It was the first scientific publication 
ever in which they described a series of electromag-
netic phenomena, about one hundred years later, 
the international scientific community renamed as 
“electromagnetic seismic precursors” or ESP [10]. In 
2007, Gabriele Cataldi and Daniel Cataldi founded a 
scientific research project (Radio Emissions Project) 
dedicated to monitoring and study of Electromag-
netic Seismic Precursors (ESPs) and, in a few years, 
they have developed an innovative electromagnetic 
tracking method, who was able to provide valuable 
data on the pre-seismic electromagnetic anomalies, 
meaning by this term also electromagnetic phenome-
na of solar origin and those of geomagnetic nature [11].

1.2 Theoretical basis on pre-seismic radio 
emissions

The pre-seismic radio signals are generated by a 
series of mechanisms that occur at the level of the 
lithosphere (Earth’s crust) which have been well 
known and studied for years. They are mainly emit-
ted by the micro-fractures that are generated on the 
seismic fault plane when the level of mechanical 
stress reaches such levels as to start breaking up the 
rocks. Studies confirming the production of radio 
frequency emitted by rocks placed under mechani-
cal stress have also been conducted in recent years 
thanks to the funds allocated NASA (National Aero-
nautics and Space Administration) [3,4].

Microfractures are small cracks in the rock which, 
from a geological point of view, generally have a 
length of a few millimeters (or less) and a width 
of less than 0.1mm and are formed in the phases 
preceding the macrofractures. Since the size of a 
microfracture substantially depends on the homoge-
neity of the rock subjected to tectonic stress, it is ev-
ident that fractures of much more varied dimensions 
have also been observed. The first microfractures 
were observed in 1850 through transmitted light mi-
croscopy (TL), while only in 1960 it was possible to 
observe them through scanning electron microscopy  
(SEM) [11]. The creation of experimentally induced 



66

Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 02 | April 2023

microfractures was demonstrated for the first time 
through triaxial compression tests [12] and current-
ly, the study of microfractures produced in the 
laboratory has allowed us to provide important in-
formation on rock breaking processes and a better 
understanding of faults and formation of microf-
ractures in nature [13]. Since the faults do not have 
a planar morphology but are irregular, they can be 
described graphically as a fractal [14]. This condi-
tion means that when tectonic stress accumulates, 
the geometric irregularities of the fault influence 
each other, leading to the formation of addition-
al microfractures in the surrounding rock that has 
a different orientation than the main ones [15-17].  
It is therefore evident that the volume of the Earth’s 
crust involved in the creation of microfractures 
is larger than the area defined as the “earthquake 
preparation zone”: According to some estimates, 
this volume could be between 24 and 520 times 
larger than the earthquake preparation area. The 
locally generated pre-seismic radiofrequency is an 
electromagnetic phenomenon caused by the tectonic 
stress that deforms and creates microfractures and 
macrofractures in the rocks present in the earthquake 
preparation area through the phenomenon of piezo-
electricity [18]. The amplitude of the electromagnetic 
signals caused by the formation of microfractures 
of the rocks subjected to tectonic stress in the earth-
quake preparation area mainly depends on the den-
sity of the microfractures and their size; The mor-
phology of the electromagnetic field depends on the 
orientation of the microfractures; on the other hand, 
the period of oscillation of the electromagnetic field 
(temporal modulation) depends on the geological 
characteristics of the fault and on the characteristics 
of the tectonic stress that determine a growth of the 
microfractures that does not proceed linearly. Ac-
cording to a study carried out in 2007 [19], the volume 
of the Earth’s crust concerned issues pre-seismic 
electromagnetic due to the accumulation of tectonic 
stress, it has a much larger size than the volume of 
the affected Earth’s crust solely on the production 
of micro-fractures (focal area of the earthquake). 
Taking as reference an earthquake of magnitude 6 

and considering the volumes involved, this ratio is > 
200:1. Subtracting the energy released by the seismic 
waves by the energy that theoretically is accumulat-
ed as a result of tectonic stress within the earthquake 
preparation zones, the result is that only a small part 
of the energy contained in the earthquake focal zone 
is converted into seismic waves. According to T. Lay 
and T. C. Wallace [20], only 1-10% of the energy and 
seismic moment contained in earthquake zone prepa-
ration is converted into seismic waves. It is therefore 
conceivable that 90% (or more) of this energy, or 
part of it, can be converted to radiofrequency. Taking 
as a reference an earthquake of magnitude 5, this has 
an energy and a seismic moment between 1012 Nm 
and 1018 Nm [20].

Over the decades, since the 1980s, the interna-
tional scientific community has been concerned with 
the study of pre-seismic radio emissions by creating 
ad-hoc research projects. Some of them are listed be-
low:

- EMSEV (Electromagnetic Studies of Earth-
quakes and Volcanoes). A project of the “Earthquake 
Prediction Research Center” of Tokai University 
(Japan) to promote cooperation among researchers in 
scientific research on earthquake prediction (2009).

http://www.emsev-iugg.org/emsev/
- EMV (Electromagnetic Variations). Greek pro-

ject for monitoring electromagnetic seismic precur-
sors active since 1987. 

http://users.teiath.gr/gregkoul/ 
- SEMEP (Search for Electro-Magnetic Earth-

quake Precursors). A project established as a collabo-
ration between the European Community and Russia 
in 2010 after a meeting at the Seventh Framework 
Programme (FP7). 

https://cordis.europa.eu/project/rcn/96924/report-
ing/en; https://cordis.europa.eu/project/id/262005/
reporting 

- Pre-Earthquakes Project - The project was born 
out of an agreement between Italy (University of Ba-
silicata), Germany, Turkey and Russia that dealt with 
the study of pre-earthquake radio emissions (2011-
2012).

- iSTEP Project (integrated Search for Taiwan 

http://users.teiath.gr/gregkoul/
https://cordis.europa.eu/project/id/262005/reporting
https://cordis.europa.eu/project/id/262005/reporting
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Earthquake Precursor) Chinese scientific research 
project to study earthquake precursors (2002-2012).

T52D.08T/abstract 
- Integrated Earthquake Frontier Project. Scientif-

ic project for the study of earthquake precursors cre-
ated by the former Japanese Government Technology 
and Science Agency (JST) after the disastrous M7.3 
earthquake that was recorded on January 17, 1995, 
in Kobe. Under this project, two agencies were sent 
to conduct 5 years of studies (1996-2001) on the fea-
sibility of using electromagnetic seismic precursors: 
The RIKEN (Physical and Chemical Institute) and 
the NASDA (National Space Development Agency 
of Japan). This study project was named the “Earth-
quake Remote Sensing Frontier Project.” https://iee-
explore.ieee.org/document/1177344

- SSTL (Small Satellite for Earthquake Predic-
tion). Active between 2001 and 2003, it was the 
research project of the Surrey Space Center of the 
University of Surrey (England), dedicated to the 
study of ionospheric seismic precursors and carried 
out through electromagnetic background monitoring 
and space meteorology [21]. 

- Berkeley Seismological Lab. Scientific research 
laboratory at the University of California, Berkeley, 
under which electromagnetic seismic precursors are 
monitored and studied. 

http://seismo.berkeley.edu
- Quake Finder Project. Scientific research project 

dedicated to elettromagnetic seismic precursors ac-
tive since 2000 and subsidized by N.A.S.A.

https://www.quakefinder.com
- DEMETER (Detection of Electro-Magnetic 

Emissions Transmitted from Earthquake Regions) 
Satellite. First project of the French National Center 
for Space Studies (CNES) to study ionospheric and 
environmental electromagnetic anomalies preceding 
earthquakes. Active between 2004 and 2010.

https://demeter.cnes.fr/en/DEMETER/lien4_sci-
ence.htm

- CSES (China Seismo-Electromagnetic Satel-
lite). Project operational since 2018, established 
in collaboration between China and Italy to study 
ionospheric electromagnetic anomalies associated 

with destructive earthquakes. The Chinese-Italian 
agreement involves the launch into orbit of an arti-
ficial satellite capable of making measurements of 
the Earth’s geomagnetic field and solar wind ionic 
parameters.

http://cses.roma2.infn.it
- Stanford University, Department of Geophysics. 

Stanford University’s Department of Geophysics has 
created an inter-graduate course dedicated to moni-
toring electromagnetic seismic precursors.

- MEMFIS (Multiple Electromagnetic Field and 
Infrasound Monitoring Network), complex geophys-
ical monitoring project produced by the University 
of Bucharest, Romania, active since 2004 [22].

- QuakeSat. Stanford University nanosatellite, 
launched into space in 2003 (mission ended in 2005). 
It was equipped with a triaxial magnetometer and 
an electric field sensor. Instruments specifically de-
signed to study electromagnetic seismic precursors.

https://www.quakefinder.com/
- INFREP (International Network for Frontier 

Research on Earthquake Precursors). European elec-
tromagnetic monitoring network for the study of 
earthquake-induced ionospheric disturbances [22].

1.3 Correlation between electromagnetic waves 
and earthquakes

Analysis of ambient radio frequency conducted 
since 1890 has led to the understanding that there are 
natural radio emissions, with wide bandwidth, that 
can be observed with greater intensity in the imme-
diate vicinity of potentially destructive earthquake 
epicenters [23,24]. Laboratory experiments have shown 
that this pre-earthquake radio frequency is generated 
through direct piezoelectric effect when crystalline 
materials in the earthquake preparation zone polarize 
due to tectonic stress, generating a potential differ-
ence. Electromagnetic emission starts during defor-
mation of crystalline materials and not only during 
their rupture (microfractures and macrofractures).

In this context, the greater the volume of the 
Earth’s crust included in the earthquake preparation 
zone, the greater will be the intensity of radio emis-
sion generated through the direct piezoelectric effect 

https://ieeexplore.ieee.org/document/1177344
https://ieeexplore.ieee.org/document/1177344
http://seismo.berkeley.edu
https://www.quakefinder.com
https://demeter.cnes.fr/en/DEMETER/lien4_science.htm
https://demeter.cnes.fr/en/DEMETER/lien4_science.htm
http://cses.roma2.infn.it
https://www.quakefinder.com/
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(Epicentral Ionic Emissions or EIE—Term coined 
by the Radio Emissions Project in 2012) [25,26]. When 
these radio emissions emerge from the Earth’s sur-
face, they propagate within the Earth-ionosphere 
cavity and can be detected through electromagnetic 
monitoring stations that can identify their geograph-
ical area of origin using Radio Direction Finding 
(RDF) technology. This scientific approach enables 
crustal diagnosis by identifying areas of the Earth’s 
surface from which broadband pre-seismic radiof-
requency is emitted, making it possible to identify 
areas of the Earth’s surface within which a seismic 
event may occur. Since a pre-seismic electromag-
netic source cannot be considered an isotropic elec-
tromagnetic source due to the characteristics of the 
Earth’s crust and tectonic stress, it is evident that it 
is more convenient to study this pre-seismic elec-
tromagnetic phenomenon through a dense network 
of electromagnetic monitoring stations rather than 
through a few stations.

1.4 The risk of geophysical and catastrophic 
events in Sierra Leone

Sierra Leone is a West African state located on 
the coast of the Atlantic Ocean bordering Guinea to 
the north and east and Liberia to the southeast. It has 
a population of about 8,421,000 as of 2021 census. 
Sierra Leone has a low seismic hazard but, never-
theless, there is a 2 percent probability of potentially 
destructive seismic tremors occurring within the 
next 50 years. Probabilistic assessment has indicated 
very long return times of major seismic events, on 
the order of 475, 2475, and 9975 years [27]. The risk 
of coastal flooding, on the other hand, is classified 
as high, i.e., that potentially damaging waves may 
inundate the Sierra Leone coast at least once in the 
next 10 years. In fact, the Mid-Atlantic Ridge can 
generate major earthquakes with magnitudes that can 
reach and exceed M7.1, as in the case of the strong 
1982 earthquake (https://earthquakes.zone/sierra-le-
one). The potential damage induced by geophysical 
events, is an element of concern for Sierra Leone, 
especially in terms of coastal effects, and the conse-
quences on society, with economic losses, damage to 

structures, and loss of life [28]. The long lapse of time 
from the occurrence of disastrous tsunamis until now 
induces caution and consideration of potential pit-
falls for the coastal population, and the capital Free-
town, in the coming years. At least from a statistical 
point of view.

1.5 Seismotectonics and tsunamis

Sierra Leone is included in the fourth of the 
six seismotectonic provinces of the West African  
Craton [29], formed by three Archaic and Paleopro-
terozoic metamorphic and magmatic shields that 
include the Central African fault systems of Angola, 
DR Congo, Cameroon, and Chad, determined by 
the tectonic regime [30-32]. The Mid-Atlantic Ridge 
earthquakes are essentially related to an extensional 
tectonic regime, which, however, do not rule out an 
interaction with magmatic activity in the Ridge [33].  
Recent studies have shown that the crust of the 
equatorial Atlantic Ocean, with a thickness of about 
5.5 km, is predominantly magmatic, ranging in age 
from 8 to 70 Ma. The semi-diffusion of the ridge 
is about 16 mm/year, fed by three mega-transform 
faults running east-west, St. Paul, Romanche and 
Chain. The St. Paul transform fault system, which is 
related to tectonic activities of fracture systems and 
earthquakes that could potentially generate tsunamis 
on the Sierra Leone coast, includes four minor faults 
that collectively extend a total of about 600 km [34]. 
Seismic studies of the mid-Atlantic ridge have made 
it possible to interpret the structure of the oceanic 
crust and catalog historical earthquakes to draw up a 
map of seismic and potentially destructive tsunami 
risk [35-37]. The Atlantic Ocean, except for the Lisbon 
tsunami of 1755, does not generate transoceanic 
tsunamis due to the geodynamic conditions of the 
Mid-Atlantic Ridge, unlike the Pacific and Indian 
Oceans. Instead, Atlantic Ocean tsunamis have local 
significance and of their impact on cities and human 
activities, requiring an effective warning system for 
high risk on the coasts [38,39].

Looking at Sierra Leone’s population density data 
for 2000, the majority of the population is concen-
trated on the coast, which faces the Atlantic Ocean 
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where strong earthquakes and tsunamis can be pro-
duced [40].

2. Materials and methods
This study is based on electromagnetic moni-

toring of Sierra Leone through Italy’s 24/7 Radio 
Direction Finding (RDF) network. The monitoring 
data were analyzed, modeled, and compared with the 
occurrence of earthquakes published on the network 
in real time. 

The monitoring stations used for signal detection 
are in Italy at an average distance of about 4,900 km 
in the SSW direction,

1) RDF station in Pontedera, Pisa, Italy.
2) RDF station in Lariano, Rome, Italy.

The radio direction finding system

The detection system used by the research team 
is based on an electromagnetic monitoring system 
developed by the Italian Radio Emissions Project, 
starting in 2017. It consists of a series of electromag-
netic sensors capable of detecting and recording the 
occurrence of electromagnetic signals of natural ori-
gin, and indicating their intensity, time duration and 
azimuth of origin, with respect to the geographical 
position of the detection station itself.

Such a network of sensors, deployed on Italian 
soil can triangulate radio signals emitted by a natural 
source, thanks to the technique of “radio triangulation”, 
a technology from the 1920s of the last centuries, the 
technology of which was employed in this very project 
and is called Radio Direction Finding (RDF).

The RDF station, it is basically based on a series 
of loop antennas, positioned in orthogonal pattern, by 
a radio amplifier developed by Daniele Cataldi and 
Gabriele Cataldi, whose amplified signals are sent to 
the sound card of a PC, and processed there (Figure 
1). Such a sensing system can generate an archive 
of dynamic and graphical spectrograms based on 
the electromagnetic signals detected by the antennas 
and of natural origin. At present, an RDF station 
can constantly document electromagnetic emissions 
from the Earth’s crust (radio-nature), in the band be-

tween 0,000 Hz and 96 kHz; in this study, the elec-
tromagnetic signals monitored are those between the 
SELF band and the VLF band (0,000 Hz - 30 kHz). 
The range detected in the electromagnetic spectrum, 
where electromagnetic signals appear most frequent-
ly, potentially indicates a pre-earthquake signal that 
can anticipate strong earthquakes that can generate 
tsunamis [41]. 

Precursor signals (SEPs—Seismic Electromag-
netic Precursors) are those of crustal, and local, 
origin, that is, generated by the Earth’s lithosphere 
(crust), which due to the tectonic stress to which the 
rocks are subjected, generate electrical (ions) and 
electromagnetic (electromagnetic field—moving 
ions) emissions, which can then be picked up at a 
distance [7,42-44].

Figure 1. Schematization of the operation of an Italian RDF sta-
tion, developed by the Radio Emissions Project. Credits: Radio 
Emissions Project.

3. Results
The electromagnetic monitoring, indicated by the 

RDF spectrograms with the yellow-green interfer-
ence, covers the coast of Sierra Leone and, the capi-
tal Freetown, the area most exposed to tsunami risk. 
There were 55 spectrograms analyzed to compile 
the present study, in which electromagnetic signals 
having the monitored area as the direction of arrival 
were considered. The spectrogram shows an exam-
ple of the data recorded by the Italian RDF network, 
and the azimuth of the electromagnetic signals. In 
this case it is an obvious signal recorded at 06:15 
UTC on January 28, 2023, then terminated at 09:40 
UTC on January 28, 2023. The RDF stations used 
for electromagnetic monitoring, carried out contin-
uously 24/7, are those of Lariano (Rome) and Pont-
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edera (Pisa), both located in Italy. The earthquakes 
considered in this study, with magnitude between 4.7 
and 5.0, occurred in the Central Mid-Rigde of the 

Atlantic Ocean, in the period between January 28, 
2023 and February 18, 2023 detected by the Italian 
RDF network (Table 1):

Table 1. Earthquakes list (http://earthquake.usgs.gov/).

N. Date time (UTC) Magnitude Depth Location Region

1 2023-01-29 17:04:15.3 mb 4.9 10 km 8.63°N; 39.50°W Central Mid-Atlantic Ridge

2 2023-02-01 03:14:25.1 mb 4.7 60 km 2.61°N; 30.85°W Central Mid-Atlantic Ridge

3 2023-02-10 13:34:11.4 mb 4.9 10 km 7.57°N; 36.86°W Central Mid-Atlantic Ridge

4 2023-02-12 07:08:23.6 mb 5.0 10 km 17.55°N; 46.56°W Central Mid-Atlantic Ridge

5 2023-02-15 02:13:12 mb 5.3 10 km 8.016°N; 37.066°O Central Mid-Atlantic Ridge

6 2023-02-15 02:14:32 mb 5.1 10 km 7.883°N; 36.988°O Central Mid-Atlantic Ridge

7 2023-02-16 18:35:50 mb 4.6 10 km 7.576°N; 36.782°O Central Mid-Atlantic Ridge

8 2023-02-17 02:11:31 mb 5.3 10 km 1.079°N 28.081°O Central Mid-Atlantic Ridge

9 2023-02-18 14:07:43 mb 4.7 10 km 7.365°N 36.037°O Central Mid-Atlantic Ridge

4. Discussion
Analysis of the electromagnetic data, in the 

SELF-VLF band, indicate that fluctuations in the du-
ration (in hours) of the radio-anomalies in the RDF 
spectrograms can be associated with earthquakes in 
the monitored area, in a time window ranging from 
a few minutes to a little more than two hours. The 
RDF spectrograms show that earthquakes occur at a 
decrease and then by an increase in radio-anomalies, 
lasting several minutes. The increase in the duration 
of radio-anomalies is accompanied by an increase in 
the number of earthquakes, especially when we con-
sider those radio signals that possess an extremely 
low frequency (0.001 to 3 Hz band). Data indicate 
that increases in the electromagnetic frequency of 
signals are always close (temporally) to earthquake 
events, in this case M4.5+ that occurred off Sier-
ra Leone (Atlantic Ocean). The largest number of 
M4.5+ earthquakes occurred within a time frame in 
which the radio-anomalies recorded at very low fre-
quencies presented peaks that raised these values on 

the order of tens of times. This is a condition that can 
be considered normal precisely because in this case 
changes in electromagnetic frequency are associated 
with an increase in energy accumulated at the crustal 
level and capable of generating more earthquakes as 
well as higher magnitudes. Earthquakes are associat-
ed with electromagnetic frequency of radio-anoma-
lies, which occurs at 6,000 Hz (Figure 2).

The duration of radio-anomalies recorded by Ital-
ian RDF stations (Figure 3), expressed in minutes, 
shows that most electromagnetic emissions of crustal 
origin have a duration ranging from a few minutes 
to 125 minutes (average). It can be hypothesized that 
the variation in the duration in minutes of these elec-
tromagnetic emissions may be associated with the 
extent and amount of energy stored in the fault.

Another important data point is the UTC time 
within which radio-anomalies are emitted. Figure 
4 shows that the time at which signals are most fre-
quently recorded is between about 04:48 UTC and 
about 12:24 UTC, as in the case of 3 out of 4 earth-
quakes that occurred in that time range.

http://earthquake.usgs.gov/
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Figure 2. The graph shows the electromagnetic frequency of radio-anomalies recorded by Italian RDF stations, which appeared in the 
Atlantic area facing Sierra Leone, and the number of earthquakes that always occurred in the same area monitored by the Italian RDF 
network. Credits: Radio Emissions Project.

Figure 3. The graph shows the distribution of the duration in minutes of radio-anomalies recorded by Italian RDF stations. Credits: 
Radio Emissions Project.
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5. Conclusions
The study provided significant indications of the 

emission of electromagnetic signals with an azimuth 
of arrival located in the Atlantic area facing Sierra 
Leone, converging in the frequency of 6,000 Hz, the 
time (UTC) of occurrence of such signals, and their 
duration.

Analysis of the evolution of these radio emissions 
related the variation in the duration in minutes of 
these signals to the occurrence of earthquakes, as 
well as the average temporal location of these signals 
throughout the day. Knowing the time of emission 
of electromagnetic signals, the mechanism of which 
is still to be interpreted, is particularly useful in ac-
tivating warning signals for the potential risk of an 
earthquake occurrence, especially in the area of the 
capital Freetown. 

The present study, which is still partial due to the 
paucity of data to be modelled, can be enhanced in 
the future with the expansion of the Radio Direc-
tion Finding network by placing monitoring stations 

in Sierra Leone as well, supporting the Italian and 
Malaysian to develop warning system for the risk of 
strong earthquakes and tsunamis that may endanger 
the safety of people, especially in the centres that 
populate the coastal area of Sierra Leone.
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