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SEGNALI RADIO VLF

SEGNALI CON FREQUENZA

15-60 kHz USATI PER IL

SEGNALE ORARIO, PER

RADIO NAVIGAZIONE E PER

SCOPI MILITARI.



Rete in funzione in questa versione

dal Novembre 2008, ma il ricevitore

italiano è operativo dal 2001.



SEGNALI RADIO LF

SEGNALI CON FREQUENZA150-

300 kHz TUTTORA UTILIZZATI

DA ALCUNE STAZIONI DI

RADIODIFFUSIONE.



Rete messa in funzione nel Marzo-Aprile

2009.

Il ricevitore in Italia centrale (grotta Amare)

ha sostituito un vecchio strumento installato

nel 1992.



ANOMALIE VLF

METODO TT



METODO DELL’AMPIEZZA NOTTURNA



ANOMALIA  LF
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DEFINIRE IL TEMPO DI AVVENTO

DEFINIRE LA LOCALITA’

DEFINIRE LA MAGNITUDO

PREVISIONE DI UN TERREMOTO

ENTRO UN CERCHIO DI DIAMETRO 

DELL’ORDINE DI QUALCHE DECINA 

DI KILOMETRI

CON UNA INCERTEZZA 

DELL’ORDINE  DI  0.5 

ENTRO 10-15 GIORNI





Immaginiamo di essere nell’agosto 2005 e di esaminare i dati giorno per 

giorno.

SEGNALI RADIO VLF



In 6 casi la connessione con la sismicità si è rivelata la

spiegazione migliore e l’effetto principale è stato

presismico.

In 1 caso è apparsa evidente una connessione con

l’attività geomagnetica planetaria.

In 1 caso non è apparsa alcuna spiegazione convincente

ma probabilmente la diminuzione era imputabile al

trasmettitore.

SONO  STATE INDIVIDUATE 8 DIMINUZIONI

DI INTENSITA’ DEL TIPO IN ESAME.

In uno studio precedente erano state analizzate simili diminuzioni di

intensità dei segnali radio VLF campionati a Bari durante 4 anni.

Nat. Hazards Earth Syst. Sci., 7, 423–430, 2005

Decrease in the electric intensity of VLF/LF radio signals and possible

connections with the seismicity

P. F. Biagi, L. Castellana, T. Maggipinto, G. Maggipinto, A. Minafra, A.

Ermini, V. Capozzi, G. Perna, M. Solovieva, A. Rozhnoi, O. A. Molchanov,

and M. Hayakawa



Nel caso in esame l’attività geomagnetica

(ottenibile on-line) si è rivelata normale.

Allora, immaginandosi nell’agosto 2005, la

probabilità che la diminuzione apparsa nel

segnale radio FR potesse essere un

precursore sismico sarebbe stata elevata.

Così poteva essere ragionevole

provare a formulare una previsione

procedendo passo passo.



PRIMO PASSO

DEFINIRE IL TEMPO DI 

AVVENTO DEL 

TERREMOTO



entro 10 giorni al massimo

I risultati ottenuti da noi e da altri

ricercatori (Molchanov, Hayakawa,

Rozhnoi) negli ultimi 15 anni,

hanno indicato un ritardo

dell’avvento del terremoto, dopo

l’inizio di anomalie nei segnali radio

VLF-LF, variabile da 1 a 10 giorni.



SECONDO PASSO

DEFINIRE LA LOCALITA’

DEL TERREMOTO







Negli stessi giorni, una

ulteriore informazione si

sarebbe potuta acquisire e cioè

una anomala emissione di gas

Rn rivelata da una stazione

INGV per la studio della

radioattività ambientale situata

nella zona di Anzio (Roma).



Così, fra le varie zone

sismogenetiche indicate,

poteva essere ragionevole

scegliere questa.



TERZO PASSO

INDICARE LA MAGNITUDO

DEL TERREMOTO



M = 4.5 - 5.0

L’ANALISI DELLA SISMICITA’ NELL’AREA NEGLI ULTIMI 25 ANNI

HA RIVELATO UNA MODERATA ATTIVITA’ CON UN MASSIMO

VALORE DI M DI 4.3.

L’ANALISI DELLA SISMICITA’ DAL 1950 AL 1980 HA EVIDENZIATO

UNA CRISI SISMICA CON MASSIMA M PARI A 5.0.

D’ALTRA PARTE ANOMALIE NEI SEGNALI RADIO SONO STATE

EVIDENZIATE DA UNA M MINIMA DI 4.5.



M = 4.8

anomalia radio 19 agosto 2005 + Radon

ore 12.00 del 22 agosto 2005

Previsione

a) entro 10 giorni

b) nella zona indicata

c) M=4.5-5.0



anomalia iniziata il 31/03

SEGNALE LF



SEGNALI VLF

anomalie iniziate il 31/03



Primo passo

DEFINIRE IL TEMPO DI AVVENTO DEL TERREMOTO

entro 10 giorni al massimo

Secondo passo

DEFINIRE LA LOCALITA’ DEL TERREMOTO







 

 

 

AGU Fall Meeting 2009 

ID# U23C-0046 

Location: Poster Hall (Moscone South) 

Time of Presentation: Dec 15 1:40 PM - 6:00 PM 

   
 

  

Precursory Foreshock Signals before the Abruzzo, Italy, Mainshock (Mw 6.3) of 

6 April 2009  

G. A. Papadopoulos
1
; G. Minadakis

1
  

1. Institute of Geodynamics, National Observatory Athens, Athens, Greece.  

  

The seismicity before the L’Aquila, Italy, mainshock (Mw 6.4) of 6 April 2009 is 

analyzed with the purpose to detect precursory foreshock signals. The 

earthquake catalogue of INGV, Rome, is considered as data source and the 

analysis is performed in the earthquake area which is a circular area of radius 50 

km centered at the mainshock epicenter. This area is large enough not only to 

cover the rupture zone, determined by the aftershock cloud, but also to allow for 

some error in the epicentral determinations. To secure homogeneity and low 

magnitude threshold, Mc, for data completeness, the catalogue segment covering 

the time interval from 01.01.2006 onwards is considered. The G-R diagram 

indicates that Mc =1.3 and analysis is performed for events of local magnitude 

ML ≥1.3. We detect in the earthquake area significant changes of the seismicity 

rate, r, based on the z-test (highest significance level, p; we set-up minimum at p 

= 0.95), and of the b-value based on the Utsu-test (highest significance level, P, 

approaches to 0; we set-up minimum at p = 0.05). The background seismicity 

terminated by the end of October 2008 when the seismicity rate, r, was found to 

accelerate significantly. Drastic increase of r was noted in the last 10 days before 

the mainshock when r increased by a factor of 24 with respect to the rate in the 

background seismicity. At the same time, the b-value dropped gradually from 

about 1.1 in the background seismicity to 0.67 in the last 10 days. Then, during 

the aftershock period it started to recover and by the end of June 2009 it reached 

around 1.0. The analysis was repeated with the algorithm FORMA (FORshock-

Mainshock-Aftershock) specially designed to produce alert levels with time step 

of 1 day for changes in the states of seismicity on the basis of the concurrent 

significant variations of r and b. We set-up FORMA to produce four alert levels: 

green for p ≥ 0.9 and P ≥ 0.1, yellow for p ≥ 0.90 and 0.1 ≥P ≥ 0.05, blue for p ≥ 

0.95 and 0.1 ≥P ≥ 0.05, red for p ≥ 0.95 and P ≤ 0.05. The algorithm detected a 

change in seismicity state at red alert level for 3 days by the end of October 2008. 

Then, during the foreshock period the alert level varied from yellow to blue and 

again to yellow but by the beginning of March 2009 the alert from yellow became 

blue for a few days and from 11 March it turned to red and remained red until 

the occurrence of the mainshock of 6 April 2009. Our results indicates that in 

areas of good earthquake monitoring, such the L’ Aquila one, seismicity analysis 

in near real-time conditions may conclude with the detection of foreshock activity 

and the prediction of the mainshock.  
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Few decades ago, the dilatancy-diffusion hypothesis held great 

promise as a physical basis for developing earthquakes prediction 

techniques, but the potential never become reality, as the result of 

too few observations consistent with the theory. One of the main 

problems has been the lack of detailed monitoring records of small 

earthquakes swarms spatio-temporally close to the incoming major 

earthquakes. In fact, the recognition of dilatancy-related effects 

requires the use of very dense network of three-component 

seismographs, which, in turn, implies the a-priori knowledge of 

major earthquakes location, i.e., actually a paradox. The 

deterministic prediction of earthquakes remains a long time, hard 

task to accomplish. Nevertheless, for seismologists, the 

understanding of the processes that preside over the earthquakes 

nucleation and the mechanics of faulting represents a big step 

toward the ability to predict earthquakes. Here we describe a set of 

seismological observations done on the foreshock sequence that 

preceded the April 6th 2009, Mw 6.3, L’Aquila earthquake. In this 

occasion, the dense configuration of the seismic network in the area 

gave us the unique opportunity for a detailed reconstruction of the 

preparatory phase of the main shock. We show that measurable 

precursory effects, as changes of the seismic waves velocity and of 

the anisotropic parameters in the crust, occurred before the main 

shock. From our observations we infer that fluids play a key role in 

the fault failure process, and, most significantly, that the elastic 

properties of the rock volume surrounding the main shock 

nucleation area undergo a dramatic change about a week before the 

main shock occurrence. 
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Francesco P. Lucente, Rome, Italy, 00143 
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How to identify the abnormal changes of temperature before earthquakes 

confronts us with such a critical question as: in which period the reference of 

background temperature should be chosen. In this paper, the celestial tide 

stress is used to tackle such problem because it has a triggering action on the 

activity of a fault for a forthcoming earthquake when the tectonic stress level 

has reached a critical stage. Also, the data of National Centers for 

Environmental Prediction is used to analysis the temperature before the 

earthquake. The method to select the related stage among the amount of 

periodic changes of the celestial tide stress is put forward and named as 

ATSCTF(Additive Tectonics Stress from Celestial Tide-generating Force) 

model. An algorithm is used to get the ATSCTF circles(Figure1). According 

to these circles and based on NCEP data, we take the temperature values of 

1000 hPa(hundred Pa) on the sea surface on March 28 as the normal 

background (when the ATSCTF value is minimum), then subtract it from 

the values between March 28 and April 10 to get a time series of images 

showing the changing of temperature day by day(Figure.2). It can clearly 

show different stages about activities of Abruzzo’s fault under tectonics 

stress and that before the shocking, abnormally temperature rising is 

exceptionally obvious. Based on ATSCTF model, it is possible to forewarn 

short-impending earthquakes.  

Contact  

Weiyu Ma, Beijing, China, 100083 









Ultimo passo

M=5.0-5.5

Indicare la magnitudo del terremoto



M = 5.8

anomalie radio 31 marzo 2009+altre indicazioni

ore 3.00 del 6 aprile 2009

PREVISIONE

a) entro 10 giorni

b) area indicata

c) M =5.0-5.5


