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Abstract 

The authors of this study wanted to verify a possible relationship between the M6.2 earthquake, which 

occurred near Accumoli (RI), Italy on August 24, 2016 at 01:36:33 UTC and solar and geomagnetic 

activity. In recent years was found that the global M6 + seismic activity is always preceded by an 

increase in solar activity and the future of scientific research on earthquake prediction will be destined 

also to the study of the Sun (heliophysics). The analysis of the characteristics of the solar wind "near 

Earth" and the analysis of the Earth's geomagnetic activity confirmed that the strong M6.2 earthquake 

recorded in Italy on August 24, 2016 was preceded by an increase in solar activity and in Earth's 

geomagnetic activity.   
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1. Introduction 
On August 24, 2016, at 01:36:33 UTC, an earthquake with a magnitude of Mw6.2 was recorded in Italy at 10km 

SE of Norcia and at a depth of 5,3km (Fig.1). The earthquake, which occurred in Umbria, is registered in more than 

four years after the last strong earthquake M6+ registered in Italy (Emilia-Romagna Region M6.0 earthquake, 

occurred on May 20, 2012) causing the death of 292 people. The most devastated cities by the earthquake have been: 

Amatrice (RI), Accumoli (RI) and Norcia (PG). 

At this moment Europe, United States of America, Japan, Turkey, Russia, Britain, Iran, China and Kyrgyzstan 

are involved in the study of Electromagnetic Seismic Precursors (SEPs), through public and/or private scientific 

research projects designed to monitor the natural Earth's electromagnetic field in search of radio emissions 

(electromagnetic anomalies) that are evident before it is registered a strong earthquake. SEPs are a class of 

electromagnetic phenomena known in scientific circles since 1880 [1] and studied in the twentieth century by 

thousands of researchers all over the world. Almost everything that the international scientific community knows 

about electromagnetic seismic precursors has discovered especially in the second half of last century thanks to the 

increased availability of radio receivers that can work efficiently in the ELF and VLF bands [2]; [3]; [4]; [5]. 

Currently, globally, the majority of scientific research projects dedicated to the study of electromagnetic seismic 

precursors is concentrated on the study of the nature of ionospheric radio emissions above seismic epicenters 

monitoring the VLF band (3-30kHz) [6]; [7]; [8] while are very few radio stations that monitor the ELF band (3-

30Hz) and even fewer monitoring stations that can to descend below 3 Hz (SELF band). The number of public and 

private scientific projects that in the world are dedicated to the study of this type of radio signals is very variable 

because in some cases these projects are bound by economic funds available only for short time and some of these 

projects cannot have radio stations to do research in first person. Currently is estimated that the number of scientific 

projects dedicated to the study of electromagnetic seismic precursors can dispose of radio stations for 

electromagnetic environmental monitoring, does not exceed 10 units, also including the active space missions. 

In Italian scientific context this type of research has never found broad debate and the only scientific project 

dedicated to monitoring of electromagnetic seismic precursors, active 24h7, which was capable of producing data 

that were presented to the international scientific community in recent years, it is the Radio Emissions Project 

(secondary project placed inside a the wider study program called "LTPA Observer Project"). The electromagnetic 

monitoring station of Radio Emissions Project is the only electromagnetic monitoring station located on the Italian 

territory that has been specially created for the study of electromagnetic seismic precursors (SEPs) and the seismic 

geomagnetic precursors (SGPs), and is also active 24h7 [9]. The station is equipped with two prototypes of radio 

receivers (Fig. 2) (Fig. 6) made by Dr. Gabriele Cataldi designed to monitor the Earth's natural electromagnetic 

background between the SELF band (0<f<3 Hz) and the VLF band (3-30kHz) and, potentially, it may be employed 

to monitor the electromagnetic spectrum up to a frequency of 65MHz. 

The heart of the VLF monitoring station is represented by a radio receiver prototype equipped by LM386 chip: a 

very common operational amplifier in the electronic field capable of working at a bandwidth of 300kHz and 

providing an amplification of between 20 and 74 dB. This is the same chip found in the famous receiver "INSPIRE 

VLF-3" but unlike this last, the prototype developed by Dr. Gabriele Cataldi has a single amplification stage (always 

represented by the LM386 chip) that provides a gain of 44,95dB (177x). This receiver is connected to a loop antenna 

of square shape of dimensions of 60 x 60cm containing 50 turns of enameled copper wire of 0.18mm diameter. The 

antenna is aligned in the direction of 310°NW and maintains a high directivity in this direction and in the opposite 

direction, ie at 130°SE. Instead, it is "blind" to the electromagnetic radiation in the direction of 40°NE and 220°SW 

corresponding to the two null points (Fig. 3) (Fig. 4). 

The output signal of the VLF receiver prototype is subsequently sent to a 24-bit analog-to-digital converter 

which is represented by the ADC integrated in the sound card of a notebook computer that is an integral part of the 

same station (Fig. 2). Here, the analog signals of the VLF receiver are appreciated in relation to their emission 

frequency and to their intensity and converted to images (spectrograms). The notebook computer also allows 

powering the VLF receiver via a USB port: this configuration allows to keep powering the receiver on even when the 

mains power network (220V) is not available. The autonomy is one or two hours and in this time frame the station is 

fully functional. 

The second electromagnetic monitoring station is installed on the outskirts of the city of Lariano (RM) (Fig. 5) 

and is equipped with a radio receiver prototype designed to work efficiently in the SELF-ELF band. The 

amplification stage of this receiver has been realized using the OP37 Chip, an operational amplifier with professional 

performance that stands out for having a very low electronic noise level, among the lowest available in the market. 

The receiver is connected to two antennas: a loop antenna aligned vertically (ie, in the direction of the component 

"Z" of the geomagnetic field), with circular section and the diameter of 50cm, containing 25 turns of enameled 

copper wire with diameter of 0,25mm; and a coil antenna prototype aligned vertically, containing 350 turns of 

enamelled copper wire of 0.18mm diameter that have been wound on a magnetized metal core. Even this receiver is 

connected to a notebook computer that allows a 24-bit analog-to-digital conversion of the output signal (Fig 6). As 

for the VLF monitoring station also the SELF-ELF monitoring station is active 24h7 and allows the production of 

dynamic spectrograms of the recordings made (Fig. 7). 

 

2. Methods and Data 
To realize this study, the authors analyzed the space weather conditions (near Earth) and the characteristics of the 

geomagnetic field in the days that preceded the strong earthquake. In particular, the data taken into consideration 

were: data on the solar activity concern variation in the ionic density of the solar wind detected by the ACE 

(Advanced Composition Explorer) satellite orbiting the L1 point (Lagrange point) at 1.5 million kilometers from 

Earth; Solar Wind Density (ENLIL Heliosphere Ecliptic Plane), variations in interplanetary magnetic field or IMF 

(GOES); X-ray flux (GOES), temporal monitoring of CMEs events or Solar Coronal Mass Ejections (ISWA); 

monitoring of the coronal holes position on the Sun's surface (NSO/SOLIS-VSM Coronal Hole); Solar Wind 
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Velocity (ENLIL Heliosphere Ecliptic Plane); Electron flux (NOAA/SWPC); Magnetopause Standoff Distance 

(CCMC/RT). The data on geomagnetic activity used for the study are represented by Kp-Index and were provided by 

Space Weather Prediction Center (SWPC). The data on geomagnetic activity provided by major geomagnetic 

observatories situated in Northern Europe and the Russian Republic. The data on Geomagnetic and Electromagnetic 

Environmental Monitoring provided by Radio Emissions Project’s Station, located near the cities of Albano Laziale 

and Lariano, Rome, Italy. The data on M6+ global seismic activity were provided by United States Geological 

Survey (USGS). 

 

3. Results 
The results of the study have confirmed the hypothesis of the authors: that the Italian M6.2 earthquake was 

preceded by an increase of solar and geomagnetic activity, and also confirming also what the authors ascertained 

from the 2012 data. The authors of this paper have had occasion to explain several times in the international sphere 

that the global M6+ seismic activity is always preceded by an increase in solar activity and a consequent increase of 

the Earth's geomagnetic field [10]; [11]; [12]; [13]; [14]; [15]; [16]; [17]. This new seismic prediction method has 

proven reliable in order to understand when is can expect a resumption of M6+ global seismic activity and could be 

used internationally as an indicator of seismic risk in the countries where there are potentially destructive 

earthquakes and tsunamis. Currently, the limit of this new seismic prediction method is to fail to understand with 

which energy (the minimum expected magnitude is equal to Mw6) and in which place the earthquake hit; and 

therefore, at least for now this method is reliable to compute forecasts of potentially destructive earthquakes 

occurring only on a global scale. 

 

4. Discussion 
A few days before the Italian M6.2 earthquake that was recorded on August 24, 2016 at 01:36 UTC the authors 

had identified an increase in the solar wind proton density in the proton energy fraction comprised between 310 and 

1900keV. This increase began on August 18, 2016 at 12:00 UTC, and the authors were waiting for a resumption of 

M6+ seismic activity on a global scale. On August 19, 2016 was registered the first M6+ seismic event correlated to 

the solar wind ionic increase (M7.4 South Georgia Islands region earthquake) and in the following days were 

recorded another 5 earthquakes for a total of 6 seismic events M6+, among which we find the Italian M6.2 

earthquake of 24 August 2016 (Fig. 7). By analyzing the interplanetary medium proton density variation curve near 

Earth in relation to M6+ global seismic activity occurred from 2012 to today, the authors calculated the average time 

lag that exists between the start of the proton density increase and the M6+ earthquake that follows it; this is equal to 

139.4 hours. In the case of the M7.4 earthquake registered in South Georgia Islands region on August 19, 2016, the 

time lag was 19 hours and 32 minutes; while for the Italian M6.2 earthquake recorded on August 24, 2016, the time 

lag was 143 hours 24 minutes. In addition, the Italian earthquake occurred after the peak reached by the proton 

density variation curve (August 21, 2016, at 12:00 UTC) and this also explains why on Earth was recorded a G1 

geomagnetic storm between 23 and 24 August 2016 (Fig. 8). 

The analysis of ionic variation of the interplanetary medium has allowed to confirm the observations made by the 

authors from 2012: also in this case the M6+ earthquakes recorded between 19 and 24 August 2016 were preceded 

by a solar wind proton density increase. This increase has also interacted with the Earth's magnetosphere generating a 

Kp-Index increase that has reached two main peaks: the first on August 21, 2016 (Kp = 4) and the second between 23 

and 24 August 2016 (Kp = 5). The Italian M6.2 earthquake was recorded after the geomagnetic increase began on 

August 23, 2016 (Fig. 8). These data also confirm that the seismic M6+ activity that occurs on a global scale is 

always preceded by an increase in solar activity, and the term "solar activity" refers to any electromagnetic 

phenomenon produced by the sun: the ion flow coming from the Sun is thus a phenomenon related directly to its 

activities and represent, due to its characteristics, a seismic precursor of interplanetary type (ISP). 

Analyzing the telemetry data of the GOES-13 and GOES-15 satellites showed that the Italian M6.2 earthquake of 

August 24, 2016 was preceded by a perturbation of the interplanetary magnetic field (Fig. 9 and Fig. 10) that 

occurred 20 hours before. A few minutes before the Italian earthquake, moreover, the interplanetary magnetic field 

(IMF) presented a drastic reduction that was quantified in about -25nT considering the magnetogram provided by 

GOES-15 satellite. This magnetic disturbance, since it has preceded the strong Italian M6.2 earthquake of about 20 

hours, can be considered as interplanetary seismic precursor (ISP). This type of earthquake precursor has been 

identified for the first time by the authors between 2010 and 2011. 

A perturbation of interplanetary magnetic field (IMF) is always associated with an increase in solar activity; in 

fact This perturbation was accompanied by an increase of the solar wind ion density which reached the Earth at a 

speed of about 620 km/s (Fig. 11) generating a perturbation of Earth's geomagnetic field. This particular is confirmed 

by polar electromagnetic emission graph (Fig. 12) provided by Community Coordinated Modeling Center (CCMC), 

as well as by magnetograms provided by Tromsø and Masi Geomagnetic Observatories (Fig. 13 and Fig. 14). 

The data provided by the Tromsø (TGO) and Masi (MAS) Geomagnetic Observatory reveal that the Italian M6.2 

earthquake recorded on August 24, 2016 was preceded by a strong geomagnetic disturbance began at 12:00 UTC on 

August 23, 2016. This perturbation was generated by interplanetary medium ionic increase that reached Earth from 

18 August 2016. All electromagnetic phenomena produced by interaction between dense solar wind and the Earth's 

magnetosphere have been defined by the authors as "seismic geomagnetic precursors" (SGPs) because preceding the 

strong earthquakes occurring on a global scale. Are considered geomagnetic seismic precursors: variations of polar 

electromagnetic emission; variations in the Earth's geomagnetic field recorded on one or more of the geomagnetic 

components (vector or angular), and the variation of one or more geomagnetic indices. These electromagnetic 

phenomena are highlighted when the ion flux from the Sun presents a density increase. 

In the last century there was much discussion about the nature of the pre-seismic radio emissions (seismic 

electromagnetic precursors) detectable in the SELF band (<3 Hz) and in the first portion of the ELF band (3-15Hz): 

the most dominant idea was that these emissions should be radio signals of "local" nature, ie electromagnetic 
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emissions produced in the earthquake focal zone as a result of the creation of micro-fractures of the rocky substratum 

[18]; [19]; [20]; [21]; [22]; [23]; [24]. The authors are convinced that one must distinguish the "local" type emissions 

from those of "no-local" type, because studies that led in the context of environmental electromagnetic monitoring 

since 2009 have allowed us to understand that radio emissions including between 0,001 and 15Hz are not a "local" 

type emissions but Earth's geomagnetic field disturbances emissions as they are related to space weather conditions 

(see magnetograms of geomagnetic observatories), and because the Earth's geomagnetic field disturbances can be 

observed from any point located on the Earth's surface, the authors defined these radio emissions as "no-local" 

emissions to distinguish them from those produced in the earthquake focal zone as a result of the creation of micro 

fractures. In this new scientific context is therefore clear that is more correct to define the "no-local" pre-seismic 

radio emissions as "seismic geomagnetic precursors" (SGPs) and the "local" pre-seismic radio emission as "seismic 

electromagnetic precursors"(SEPs). An example of pre-seismic electromagnetic emission of "local" type is that 

recorded by Radio Emissions Project's VLF monitoring station (Fig. 15). 

This electromagnetic anomaly that has been recorded on August 18, 2016 between 02:47 UTC and 06:21 UTC, 

thus remained visible for about 3 hours and 34 minutes between 9.63 kHz and 23kHz, with greater intensity between 

9.63 kHz and 20,5kHz and preceded the Italian M6.2 earthquake of the August 24, 2016 of 142 hours and 49 minutes 

(almost 6 days). Respect to the human radio emissions visible in the spectrogram prevalently between 18kHz and 

26kHz (indicated by the light blue label at the top of the spectrogram), the radio anomaly has a enormous bandwidth 

that reaches 13,37kHz. This is the first radio anomaly with these features that has been recorded from the VLF 

monitoring station of the Radio Emissions from Project since when is operational (2013), perhaps because from 2013 

to until August 24, 2016 had not been recorded strong seismic events intensity (M6+) in Italy. By analyzing the 

geographical location of the VLF monitoring station and Italian M6.2 seismic epicenter related to the aligning of the 

loop antenna (Fig. 4) has been possible to calculate the angle between the straight line alignment of the loop antenna 

and the line intersecting the M6.2 earthquake epicenter and VLF monitoring station: this corner is ≈ 60°. Since the 

loop antenna has the characteristic to be a '"directional antenna", this maintains its maximum sensitivity (100%) only 

when the electromagnetic signals that the permeate are parallel to the direction to which it is aligned, while a radio 

signal that the intersects with an angle of 60° will be picked up by the loop with a sensitivity that corresponds to 50% 

of the total sensitivity: 

 

cos60° = ½ = 0,5 

 

and thus it can be theorized the possibility that the Radio Emissions Project VLF monitoring station has picked 

up the "local" pre-seismic electromagnetic radio signal emitted in the focal zone of the earthquake. This radio 

anomaly was, among other things, the only VLF radio anomaly captured by VLF monitoring station that preceded 

the Italian M6.2 earthquake occurred on August 24, 2016. 

Other interesting data (Fig. 16) were obtained, instead, through the electromagnetic monitoring realized by the 

SELF-ELF monitoring station of the Radio Emissions Project located on the outskirts of Lariano (RM) (Fig. 5). 

SELF-ELF spectrogram shows an increase of the natural electromagnetic background prevalently between 0 and 

0,7Hz (SELF band) that preceded the Italian M6.2 earthquake of about 2 hours (the magnitude of the main 

earthquake is indicated by the red square and the yellow vertical line represents the temporal marker). The main 

peak, indicated by the large red arrow, preceded the M6.2 earthquake of 01:36 UTC of about 70 minutes and then 

gradually fade and disappear around 02:00 UTC. During this time frame have been recorded some impulsive 

increases of electromagnetic background that also preceded the three strongest earthquakes occurred after the main 

one (M6.2), whose magnitude and whose temporal markers are indicated in yellow color. The emission peak 

identified by the acronym SGP (Seismic Geomagnetic Precursor) represents an intense emission which lasted about 

40 minutes and that preceded the M6.2 earthquake of 17 hours. 

This type of electromagnetic emissions were defined as "electromagnetic seismic precursors" (SEP) already in 

the last century and the authors believe that is essential to study them in order to understand how they manifest and 

the characteristics they have Gokhberg, et al. [25]; Hayakawa and Fujinawa [26]. The authors have had the 

opportunity to propose at international level the construction of a SELF-ELF and VLF Italian network detection, 

designed precisely to study the electromagnetic seismic precursors and understand how these are modulated with 

respect to the place in which they appear. A study project of this type would allow us to understand, in relation to 

local geodynamic characteristics, what kind of connection have these radios anomalies respect to Earth's 

geomagnetic field variations and, in general, respect to solar activity; and since the M6+ global seismic activity is 

related to solar activity and geomagnetic activity, then the seismic trigger must be produced by a form of 

electromagnetic interaction can alter the static equilibrium of the faults perturbing the accumulated mechanical 

energy on the fault or influencing geodynamic processes [27]. 

 

5. Fulmination 
To confirm the objectivity of the electromagnetic monitoring related data, the authors have verified if in the 

vicinity of the two monitoring stations (VLF and SELF-ELF bands) had occurred storms on August 18, 2016 and on 

August 24, 2016. The radio signals produced by lightning, in fact, can be detected by radio receivers tuned to a wide 

range of frequencies, for this reason it is essential to reject the hypothesis that electromagnetic anomalies detected 

near the (VLF and SELF-ELF) electromagnetic monitoring station of Radio Emissions Project are in reality the 

marks left by a storm. To run this check, were utilized weather data provided by the Italian Air Force (AMI) and 

found that on August 24, 2016 do not were thunderstorms near the SELF-ELF monitoring station and the only ones 

thunderstorms were located on South extremity of the Calabria Region, at a distance as the crow flies from 435km, 

but have occurred in the afternoon; while on August 18, 2016 there were no thunderstorms near the VLF monitoring 

station, but light rain were recorded in Northern Italy. Moreover, from a spectrographic point of view, on VLF 
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spectrogram and SELF spectrogram are not found typical signals related to lightning discharges, ie the so-called 

"Spherics" (abbreviation of "atmospherics", also known as "statics"). 

Other confirmations of a close correlation that had the Italian M6.2 earthquake occurred on August 24, 2016 with 

the variation of Earth's geomagnetic field comes from the observatory of the Pushkov Institute of Terrestrial 

Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN) (Fig. 17). 

The magnetogram provided by the Pushcov Institute (Russian Federation) further confirms the data on 

geomagnetic activity (Kp-Index) provided by the NOAA (National Oceanic and Atmospheric Administration) and 

the data on the geomagnetic monitoring provided by Tromsø (TGO) and Masi (MAS) Geomagnetic Observatories: 

the Italian M6.2 earthquake occurred on August 24, 2016 at 01:36 UTC occurred during a G1 geomagnetic storm. 

The monitoring of the Earth's geomagnetic field through radio receivers designed to work efficiently in the SELF-

VLF band results to be an indispensable research method to understand how solar activity can influence the M6+ 

global seismic activity [11]; [15]; [16]. This will represent the challenge that the research on earthquake prediction 

can no longer shirk in future years, and if the man wants to progress quickly in this scientific field, it will be 

necessary to create interdisciplinary research center dedicated to the study of the geomagnetism, heliophysics, 

geodynamics and space weather. 

Another interesting fact comes from another electromagnetic monitoring station located in the city of Trasaghis 

(UD), in Italy, which forms part of Friuli Experimental Seismic Network (FESN), the first European amateur local 

experimental seismic network born from the tragic experience caused by the earthquake occurred in Friuli on May 

1976 (Fig. 18). 

The magnetogram provided by the FESN's network, was realized through an environmental electromagnetic 

monitoring station (located in Trasaghis, Udine) designed for the study of electromagnetic seismic precursors 

detectable in SELF bandwidth (<3 Hz) and in the ELF band (3-30Hz). On the day August 21, 2016 between 08:40 

UTC and 09:35 UTC the monitoring station has detected an electromagnetic anomaly of high intensity which had a 

maximum bandwidth of about 1.8 Hz. The anomaly has preceded the Italian M6.2 earthquake occurred August 24, 

2016 of about 65 hours. 

 

6. Conclusion 
The Earth's electromagnetic background monitoring in the SELF-VLF band (<3 Hz-30kHz) is a methodology of 

scientific investigation that has allowed to demonstrate the existence of SEPs [28]. The studies that the authors have 

realized within this new scientific context (as well as technological) have allowed us to understand that there are 

actually two families of pre-seismic radio emissions: 1) radio emissions identified as Earth's geomagnetic field 

disturbances related to "near Earth" solar wind proton density increase variations, and for this reason it can be seen 

from any point on the Earth (this is "no-local" type emissions); 2) radio signals are not connected directly to the solar 

and geomagnetic activity: these radio signals are probably generated by piezoelectricity phenomena occurring near 

the focal area of the earthquake and are detectable near earthquake epicenter (this is a "local" type emissions). It is 

therefore clear that the monitoring of solar activity and Earth's geomagnetic activity is an activity of fundamental 

importance to be able to have a general understanding of pre-seismic radio signals nature [29]; [30]; [31].  

 

 

Fig-1. Italian M6.2 earthquake epicenter.  The picture shows the seismic epicenter of M6.2 earthquake occurred in Italy on August 24, 2016 at 

01:36:33 UTC, Lat.:42.720°N Long.:13.182°E. Concentric colored lines represent a measure (colorimetric scales) of the energy dispersion of 

the earthquake measured in magnitude (Mw). USGS not indicated on map the value in magnitude respect to the color. Credit: United States 
Geological Survey (USGS). 

Source: http://earthquake.usgs.gov/earthquakes/eventpage/us10006g7d#map  

 

In fact, as the authors demonstrated that all M6+ earthquakes that occur on a global scale are always preceded by 

an increase of the solar wind proton density near Earth, the solar and geomagnetic activity monitoring is a seismic 

prediction method that has proven reliable for understanding when we can expect a recovery of the M6+ global 

http://earthquake.usgs.gov/earthquakes/eventpage/us10006g7d#map
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seismic and could be used internationally as an indicator of seismic risk in the countries where there are potentially 

destructive earthquakes and tsunamis. While, the Earth's electromagnetic field monitoring activities can provide a 

methodology of scientific investigation which would allow to understand exactly where the strong earthquake would 

strike through the use of electromagnetic monitoring stations able to understand where come from the pre-seismic 

radio emission of "local" type [28]. This technology is known as "radio direction finding" (RDF), and is also widely 

used in amateur fields. 

The study of solar magnetic field connected to solar coronal mass ejections and the solar activity study, in 

general, through the satellite data and the geomagnetic data will represent a fundamental tool in the future for the 

prediction of potentially destructive earthquakes [32]; [33]; [34]; [35]; [36]; [37]; [38]; [39]; [40]; [41]; [42]; [43]; 

[44]; [45]; [46]; [47]; [48]; [39]. 

 

Fig-2. VLF monitoring station of Radio Emissions Project. The top image is the schematic representation of the 

hardware connections of the VLF electromagnetic monitoring station that was created by Dr. Gabriele Cataldi in 
the city of Albano Laziale (RM), Italy. The station is dedicated to the monitoring of electromagnetic seismic 

precursors (SEPs) which are observed between the band SELF (0<f<3 Hz) and the band VLF (3-30kHz). 
Source: http://www.ltpaobserverproject.com/radio-emissions-project-elf---slf---ulf---vlf.html  

 

 
Fig-3. Alignment of the loop antenna with respect to the "F" geomagnetic component. The image shows the alignment of the loop antenna 

which is equipped the Radio Emissions Project's VLF monitoring station with respect to the "F" geomagnetic component. The red line 

provided with arrows at end represents the direction in which the loop antenna retains its maximum sensitivity (210°NW-130°SE) to the 

magnetic component. The blue line provided with arrows at the ends represents the direction in which the loop completely loses its sensitivity 
(40°NE-220°SW) and is "blind" to the magnetic radiation. Credits: US/UK World Magnetic Model – Epoch 2010.0 - Main Field Total 

Intensity (F) and Loop Antenna Alignment. 
Source: https://www.ngdc.noaa.gov/geomag/WMM/DoDWMM.shtml  

 

http://www.ltpaobserverproject.com/radio-emissions-project-elf---slf---ulf---vlf.html
https://www.ngdc.noaa.gov/geomag/WMM/DoDWMM.shtml
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Fig-4. Alignment of the loop antenna respect to te Italian peninsula. The image shows the alignment of the loop antenna which is equipped the 

Radio Emissions Project's VLF monitoring station with respect to the Italian peninsula. The red line provided with arrows at end represents the 
direction in which the loop antenna retains its maximum sensitivity (210°NW-130°SE) to the magnetic component. The blue line provided with 

arrows at the ends represents the direction in which the loop completely loses its sensitivity (40°NE-220°SW) and is "blind" to the magnetic 

radiation. The yellow star indicates the epicenter of the Italian M6.2 earthquake occurred on October 24, 2016: This is located at 10.6°NE 

direction and at a distance as the crow flies approximately of 123km (green arrow) respect to Radio Emissions Project's VLF monitoring 
station site. Credits: Google Maps. 

 

 
Fig-5. SELF-ELF monitoring station. The picture shows where is the SELF-ELF monitoring station of Radio Emissions Project compared to 

the Italian peninsula and the city of Rome. Credits: Google Maps. 
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Fig-6. Stazione di monitoraggio SELF-ELF del Radio Emissions Project. The top image is the schematic 

representation of the hardware connections of the electromagnetic monitoring station SELF-ELF that was 

created by Dr. Gabriele Cataldi near the city of Lariano (RM), Italy. The station is dedicated to the monitoring 

of electromagnetic seismic precursors (SEPs) which are observed between the SELF band (0<f<3 Hz) and the 
ELF band (3-30Hz). 

                             Source: http://www.ltpaobserverproject.com/radio-emissions-project-elf---slf---ulf---vlf.html  

 

 
Fig-7. Interplanetary Seismic Precursor (ISP). Graph contains the data on the variation of solar wind proton density recorded between 15 and 

24 August 2016 at the L1 Lagrange point by Advanced Composition Explorer Satellite; the variation of Kp-Index and the temporal markers 

(black vertical arrows) of M6+ earthquakes recorded in the same period. The vertical purple arrow represents the beginning of the “gradual” 
proton density increase (beginning of Interplanetary Seismic Precursor). The yellow areas surrounded by the red dashed line indicates increases 

of Kp-Index that preceded the M6+ earthquakes (Geomagnetic Seismic Precursor). The data on the proton density variation and the Kp-Index 

were provided by iNtegrated Space Weather Analysis System (iSWA). iSWA is a flexible, turn-key, Web-based dissemination system for 

NASA-relevant space weather information that combines forecasts based on the most advanced space weather models with concurrent space 
environment information. The data on seismic activity were provided by United States Geological Survey (USGS). 
Source: http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/  

 

http://www.ltpaobserverproject.com/radio-emissions-project-elf---slf---ulf---vlf.html
http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/
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Fig-8. NOAA Space Weather Scales. The picture shows the data relative to the three scales used by the NOAA (National Oceanic and 

Atmospheric Administration) to compute the intensity and type of solar and geomagnetic event to which humanity is exposed. If you observe 

the scale associated to Eart's geomagnetic activity is possible to understand that the Italian M6.2 earthquake occurred on August 24, 2016 was 
preceded by a G1 geomagnetic storm started later than 18:00 UTC on August 23, 2016 that preceded the strong Italian earthquake about 7 

hours and 36 minutes. Credits: Space Weather Prediction Center (SWPC). 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

 
Fig-9. Interplanetary Magnetic Field (IMF) variation correlated to Italian M6.2 earthquake. The picture shows the magnetogram on the 

interplanetary magnetic field (IMF) that was recorded by the GOES-13 and GOES-15 satellites between 22 and 24 August 2016. The black 

vertical arrow represents the temporal markers of the Italian earthquake M6.2 recorded on August 24, 2016 at 01:36 UTC. The graph shows a 
disturbance in the interplanetary magnetic field that preceded the Italian earthquake of about 20 hours. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

http://www.ltpaobserverproject.com/natural-hazard-monitor.html
http://www.ltpaobserverproject.com/natural-hazard-monitor.html
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Fig-10. Satellite environment. The image shows the graphs relating to the variation of the interplanetary magnetic field (IMF), to the variation 

of the solar wind ion density registered through GOES-13 and GOES-15 satellites and the Kp-Index. The long black vertical arrow represents 

the temporal markers of Italian M6.2 earthquake recorded on August 24, 2016 at 01:36 UTC. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

 
Fig-11. Solar Wind Velocity. The picture shows the graph of the solar wind speed recorded between 15 and 24 August 2016 near Earth. The 
vertical black arrow represents the temporal markers of Italian M6.2 earthquake recorded on August 24, 2016 at 01:36 UTC. Credits: 

iNtegrated Space Weather Analysis System (iSWA) Timeline Interactive. 
Source: http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/  

http://www.ltpaobserverproject.com/natural-hazard-monitor.html
http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/
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Fig-12. Hemispheric Power in Gigawatt. The picture shows the graph of electromagnetic power emitted by terrestrial hemispheres registered 
(between 21 and 24 August 2016) through the Polar-orbiting Operational Environmental Satellites (POES), placed in a polar orbit at about 520 

miles of altitude. The vertical red arrow represents the temporal markers of Italian M6.2 earthquake recorded on August 24, 2016 at 01:36 

UTC. Credits: iNtegrated Space Weather Analysis System (iSWA). 
Source: http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/  

 

 
Fig-13. Earth’s geomagnetic field variation recorded by Tromso Geomagnetic Observatory. Magnetogram containing the variation of the 

Earth's geomagnetic field, relative to Z (green line), H (blue line) and D (red line) component, registered by the Tromsø Geomagnetic 

Observatory (TGO), Norway, between 23 and 24 August 2016. The Z component is a vertical component, assumed positive when it’s  directed 

towards the inside of the Earth. The H component is the horizontal component, namely the component aligned in the direction of the magnetic 

North. The D component is magnetic declination angle between the direction of H and the geographic meridian passing through the point in 

question (Tromsø Geomagnetic Observatory), taken as positive when H is directed to the East of the geographic Nord. The vertical black lines 
represent the temporal markers of M6.2 earthquakes occurred in Italy on August 24, 2016; while the numbers represent the magnitude (Mw) of 

earthquakes. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

http://iswa.ccmc.gsfc.nasa.gov/IswaSystemWebApp/
http://www.ltpaobserverproject.com/natural-hazard-monitor.html
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Fig-14. Earth’s geomagnetic field variation recorded by Masi Geomagnetic Observatory. Magnetogram containing the variation of the Earth's 
geomagnetic field, relative to Z (green line), H (blue line) and D (red line) component, registered by the Masi Geomagnetic Observatory 

(MAS), Norway, between 23 and 24 August 2016. The Z component is a vertical component, assumed positive when it’s directed towards the 

inside of the Earth. The H component is the horizontal component, namely the component aligned in the direction of the magnetic North. The 

D component is magnetic declination angle between the direction of H and the geographic meridian passing through the point in question 
(Masi Geomagnetic Observatory), taken as positive when H is directed to the East of the geographic Nord. The vertical black l ines represent 

the temporal markers of M6.2 earthquakes occurred in Italy on August 24, 2016; while the numbers represent the magnitude (Mw) of 

earthquakes. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

 
Fig-15. VLF Monitor: The picture shows the dynamic spectrogram of the Earth's electromagnetic field recorded on August 18, 2016 between 

00:00 and 07:30 UTC from the electromagnetic environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), 

Italy. At the center of the spectrogram, inside the red dotted line, is present the radio anomaly that has been recorded precede the M6.2 Italian 

earthquake occurred on August 24, 2016 at 01:36 UTC. The emission appeared at 02:47 UTC and disappeared at 06:21 UTC. The labels at the 
top of the spectrogram (in light blue) indicate known radio stations, prevalently of anthropic type. On the Y axis of the spectrogram indicates 

the UTC time of the registration; this proceeds from top to bottom at 1 horizontal line to minutes. On the X axis is instead reported the 

emission frequency of the radio signals (the frequency increases going to the right): these are represented in different colors according to their 

intensity. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

http://www.ltpaobserverproject.com/natural-hazard-monitor.html
http://www.ltpaobserverproject.com/natural-hazard-monitor.html
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Fig-16. SELF-ELF Monitor. The image represents the dynamic spectrogram of the Earth's electromagnetic field registered between August 23, 
2016 at 02:00 UTC and August 24, 2016 at 06:30 UTC by environmental electromagnetic monitoring station of the Radio Emissions Project, 

located in Lariano (RM), Italy, which monitors the SELF band and ELF band with a resolution of 10,1mHz. The upper portion of the 

spectrogram is centered on the SELF band between 0 and 1,5Hz, while the lower portion is centered in the SELF band between 0 and SELF 
0,31Hz. The spectrogram is acquired through a radio receiver prototype developed by Dr. Gabriele Cataldi designed to work efficiently 

between the band SELF (0<f<3 Hz) and the ELF band (3-30Hz). The used antenna is a coil antenna aligned vertically. The word "SGP" 

(Seismic Geomagnetic Precursor) is an acronym coined by the authors that identifies the radio emission of electromagnetic nature that are 

observed to precede large earthquakes. On the X axis of the spectrogram indicates the UTC time of the registration; this proceeds from right to 
left at 1 vertical line every 1,5 minutes. On the Y axis is instead reported the emission frequency of the radio signals (the frequency increases 

going in the top): these are represented in different colors according to their intensity. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

 
Fig-17. IZMIRAN Geomagnetic Observatory. The picture shows the variation of Earth's geomagnetic field (in natoTesla, nT) measured on the 

vertical axis (Z), on the horizontal axis in the direction of the magnetic North pole (H) and on the horizontal axis in the East direction (D) 

recorded between 03:00 UTC on August 23, 2016 and 03:45 UTC on August 24, 2016 by the Pushkov Institute of Terrestrial Magnetism, 
Ionosphere and Radio Wave Propagation (IZMIRAN), located at coordinates 54.3004N, 20.1208E. On the bottom image is instead present the 

K-Index, calculated by the observatory. The black vertical line represents the temporal markers of the Italian M6.2 earthquake recorded on 

August 24, 2016. It is clear that the Italian M6.2 earthquake was preceded by an increase of the K-Index, ie by an increase of the Earth's 

geomagnetic field that began on August 23, 2016 at 09:00 UTC. 
Source: http://www.ltpaobserverproject.com/natural-hazard-monitor.html  

 

http://www.ltpaobserverproject.com/natural-hazard-monitor.html
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Fig-18. FESN’s Geomagnetic Monitoring Station. The picture shows the dynamic spectrogram of the Earth's electromagnetic Field (SELF-

ELF band) recorded between August 20, 2016 at 18:00 UTC and August 21, 2016 at 18:00 UTC by the environmental monitoring station of the 

electromagnetic Friuli Experimental Seismic Network (FESN), located in Trasaghis (UD), Italy. The large white arrow visible at the top 

indicates electromagnetic anomaly that has been captured by FESN station on August 21, 2016 between 08:40 UTC and 09:35 UTC. In 
addition, between 10:45 UTC until 18:00 UTC were recorded some radio impulsive emissions. After 18:00 UTC recording has stopped and no 

further registration details available. On the X axis of the spectrogram indicates the UTC time of the registration; this proceeds from right to 

left. On the Y axis is instead reported the emission frequency of the radio signals (the frequency increases going in the top): these are 

represented in different colors according to their intensity. 
Source: http://www.fesn.org/  
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