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In order to investigate the precursors of earthquakes, about 10 years ago the INFREP 

cooperation started. INFREP is a scientific cooperation among different international research 

teams. The cooperation aims to build up networks for measuring different physical/chemical 

parameters in order to search and study effects related to the occurrence of earthquakes. 

Actually the network is formed by ten receivers located: two in Italy, Romania and Greece; 

one in Austria, Portugal, Cyprus and Georgia. The receivers, realized by an Italian factory, 

can measure with 1 min sampling rate the intensity of 10 radio signals in the band VLF (10- 

50 kHz) and LF (150-300 kHz). The data collected are transmitted every day to the server 

located at the Department of Physics of the University of Bari (Italy) that is the central node 

of the network. The different temporal trends (10 for each receiver) can be seen free in real 

time using the INFREP web site: infrep-eu.it, while the data bank is protected by username 

and password. At the purpose to reveal possible radio precursors the data are analyzed for 

discovering “anomalies”, that is not normal variations of the data trends. Generally, due to the 

different conditions of the ionosphere, the VLF/LF radio signals are less disturbed during the 

night than during the day. So, the analysis of the radio data is performed only on the night- 

time data. In INFREP the Wavelet spectra are used. Using the “Morlet function” the Wavelet 

transform of a time signal is a complex series that can be usefully represented by its square 

amplitude, i.e. considering the so-called Wavelet power spectrum. The power spectrum is a 

two dimensions plot that, once properly normalized with respect to the power of the white 

noise, gives information on the strength and precise time of occurrence of the various Fourier 

components which are present in the original time series. Generally, colour from blue to red 

indicates increase in the power strength; so, red zones define anomalies. A software able to 

apply the Wavelet analysis on the radio data automatically at the end of each day has been 

planned and realized. The analysis is performed on the 20 days  preceding each day; this day 
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is indicated on the spectrum by a vertical white line; the part of the spectrum after the day is 

related to 15 days data without any frequency added to avoid border effects. At the moment 

the software operates on the night time data of four signals collected by each of the following 



receivers: Cyprus, Crete, Greece and L'Aquila (IT). The results obtained with the Wavelet 

analysis are protected in the INFREP web site by a further username and password. 

On October 26, 2016 an earthquake with Mw=5.9 occurred in Central Italy, near 

Castelsantangelo village; after 4 days the main shock with Mw=6.5 occurred near Norcia 

small town. The two epicenters are 12 km far from each other and are located in the 

"sensitive" area of the INFREP network. Unfortunately, at the time of the earthquake, several 

receivers were out of service, so only the data from Cyprus receiver are available. Some days 

before the first earthquake two clear anomalies appeared one after the other in two of the ten 

signals, the intensity of which is collected with 1 min sampling rate by this receiver. The two 

signals are radiated by DHO transmitter (23.4 kHz) ) located in Rhauderfehn (Germany) and 

by ICV transmitter (20.27kHz) located in Sardinia (Italy). The 5th Fresnel zones of the radio 

paths brush the border of the Dobrovolsky area of the previous main shock. The anomalies 

seem to move in the same direction of the two epicenters. 

On July 20, 2017 a strong (Mw=6.7) earthquake occurred offshore, near the coast of Turkey 

and Kos island (Greece); on August 8 an earthquake with Mw=5.0 occurred practically in the 

same zone. The focal depth was 10 km for both the events. The epicentres are inside the 

“sensitive” area of the INFREP network. On both the occasions, evident pre-seismic 

disturbances were pointed out in the DHO (23.4 kHz) signal collected by the Cyprus receiver. 

All the anomalies here presented, were revealed by the on-line warning system based on the 

Wavelet analysis, planned and realized in the frame of the INFREP cooperation. 


