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OUTLINE

v'The INFREP network
v'Radio precursors of EQs
v'Detection of anomalies in VLF signals

v'First results of anomalies in LSET before EQs
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The INFREP RADIO NETWORK

The INFREP network consists of radio receivers able to measure the
electric field intensity from various broadcasting stations existing in
Europe. Currently, eight receivers have been installed.

Each radio receiver can measure the intensity of 10 radio signals in the
bands VLF (20-80 kHz) and LF (150-300 kHz), with 1 minute sampling
rate.

The number of VLF and LF signals measured at each receiver depends on

the quality of their local reception.
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The INFREP radio network

star = receiver
circle = transmitter

VLF (red) and LF (blue)
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{. : transmitters

vLF | Frequency | LF | Frequency
(kHz) (kHz)
GBZ 19.58 RRO 153
ICV 20.27 FRI 162
HWU 21.75 EU1 183
DHO 23.4 CH1 198
TBB 26.7 MCO 216
ICE 37.5 RRU 261
NSY 45.9 CZE 270
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Radio precursors

The VLF signals propagate in the earth-ionosphere wave-guide as

channeled wave.

The LF signals are characterized by a ground and a sky-wave propagation
mode. The first one (ground-wave) is a signal propagating in the ground-
troposphere channel, while the second one (sky-wave) is a signal using

the lower ionosphere as a reflector, one or more times, to propagate.
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Radio precursors

In the last 20 years, a research into the interaction between seismic
activity and disturbances in radiobroadcasts has been carried out. Pre-
seismic disturbances in VLF radio signals have been presented mainly by
Japanese and Russian researchers; pre-seismic disturbances on LF radio
broadcasts were proposed mainly by Italian researchers. We call both
these disturbances radio precursors.

Variations of parameters in the ground, troposphere and ionosphere
generate variations in the propagation medium of VLF ad LF radio-waves

and so disturbances can be observed in their propagation.

The radio precursors confirm the existence of a lithosphere-atmosphere-

ionosphere coupling.
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Radio precursors

In order to reveal possible radio precursors, the data had to be
analyzed for discovering "anomalies”, which differs from normal data

trends.

Generally, due to the absence of solar radiation, the VLF/LF radio
signals are less disturbed during the night than in the day fime. So in
INFREP, the analysis of the radio data is performed only on the night-
time data for all VLF/LF radio bands, between 22.00 to 01.00 (UTC).
Each day is therefore represented by 3 hours, that is, taking into

account the 1 min sampling rate used, 180 data (minutes).
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Dodecanese islands earthquake (January 30, 2020)

On January 30, 2020 an EQ
with Mw=6.0 occurred in
Dodecanese Islands.

This event occurred in the
"sensitive" zone of the
Cyprus receiver of INFREP
network as it is shown in the
map where the red symbol
indicates the location of the

EQ.

The ellipses represent the
5th Fresnel zones related to
the Cyprus receiver of the
1958kHz, 20.27kHz and
23.40kHz transmitters.
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Discrimination of seismic vs no-seismic anomalies

In order to identify radio precursors it is very important to take into
account that, as well as the preparatory phase of earthquakes, other
causes can produce disturbances in VLF/LF radio propagation: solar
flares, anomalous geomagnetic activity and adverse meteorological

conditions mainly around the receiver location.

These effects can produce radio anomalies very similar to the pre-
seismic ones; so, before to claim radio precursors it is necessary to

check these effects.
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Discrimination of seismic vs no-seismic anomalies

No anomalous geomagnetic activity or adverse meteorological conditions
appeared at the end of January 2020, so the possibility that the anomaly
revealed in the radio signals collected by the Cyprus receiver is a

precursor of the Dodecannese earthquake is convincing.

Note that this anomaly is by the standards pointed out for the radio

precursors, i.e:

a) a precursor time within ten days
b) a value of M, equal or greater than 6.0
c) the epicentre located inside the 5th Fresnel zone of the radio signal

hear the receiver (a sensitive zone).
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Anomalies by time-series analysis and spectral techniques

For the analysis of the data sets the Wavelet power spectrum is used. A

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.

The Perceptually Important Points (PIP) technique is also applied to the

analysis of time series of VLF to dynamically segment the time series into

subsequences of unequal length, preserving the shape of the data.
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Perceptually Important Points
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Perceptually Important Points
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When?
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When? (2)
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When? (2 — cont’d)

T indicates the DHO (23.4 KHz) transmitter,
R the ITAq receiver and theyk the location of the seismis crisis
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Seismic crisis occurred in 2012 in the Emilia region (Northern Italy):

20 May (Mw=6.1) = 29 May (Mw=5.9) = 3 June 2012 (Mw=5.8)
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Where?

oo nidyd,
n d, + d,

(Masashi Hawakawa, Earthquake prediction with radio techniques, 2015 John Wiley & Sons, Singapore Pte. Ltd., p. 29)
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Where?
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TILDE project

The project Tidal Interplate Lithospheric Deformation of Earth (TILDE)
was funded by ESA under the NAVISP program (NAVISP-EL1-047). The
goals of TILDE project are:

1)

2)

3)

C

estimation of Local Solid Earth Tides (LSET), i.e. models which
depends on the geographical position of the selected sites;

investigate  possible  correlations between LSET and
geological/geophysical events, such as tfectonic plates
movements, earthquakes and volcanic activities;

test if the adoption of LSET modeling can improve the quality of
GNSS geodetic solutions.

The LSET (SD)-semi-diurnal, (D)-diurnal and (LP)-long-periodic are defined
as (Luzum & Petit, IERS Technical Note 36, 2010)
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Methodology

Seventy-three GNSS stations with at least a 20-year long data timeseries
have been selected all over the world. GNSS raw data have been processed
in PPP mode providing the solutions (namely coordinates) with a sampling rate
in turn of 1 day (1D) and 3 hour (3H).

For each solution, the Solid Earth Tides as modelled by TERS have been in
turn switched of f (OFF) and on (ON).

The solutions with sampling rate of 1D and the OFF mode were used to
estimate long periodic Tides (LPT) of LSET, while 3H solutions were used
for shorter ones

Type of Timeserie Sampling IERS2010 LSET Tectonics EQs Volcanoes Co-located

station s length estimation Gravimeter
Iyr] rate SET
OFF ON LP ST

Supersit 20 3h & 1d yes yes Yes (1d)  Yes yes no no yes

es (8) (3h)

Global 20 3h & 1d Yes yes/no yes yes yes Yes no no

(65)

Regional 5 3h & 1d Yes yes no yes no yes yes optional

(100)
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Another seismic precursor?

Fifty EQ events (both extensive and compressive), occurred in the period
2000-2020, with a 6.0-7.5 of Richter magnitude and with the epicenter
located at a distance smaller than 200 km from one of the GNSS stations
(global and regional networks) have been studied.

The M2 (12h 25") and K1 (23h 56.07') LSET have been estimated using SET-
OFF solutions with a 3h sampling time and a 1-year time range centered
around the time of EQ event.

For each EQ event an anomaly in the behaviour of Love has been detected
around the EQ occurrence (e.g. L'Aquila EQ, Ttaly, 06/04/2009, epicenter
located only 12 km from one of the GNSS stations).

First results shows that such anomalies do not depend on the type of EQ. An
interpretation of the observed anomalies point out the role of the rigidity
increasing of crust/mantle in the decrease (anomaly) of Love numbers.
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Methodology

Data pre-processing

1) Spectral analysis of SET-ON, SET-OFF solutions and their differences
to select the main harmonics;

2) Outliers removal;

3) Jumps removal (except for those related to Eqs of which the date of
occurrence is known)

4) Estimation of Love and Shida number by Levenberg-Marquardt non-
linear least square fitting SET-OFF solutions.
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Conclusions / future work

v' Results from the analysis of VLF signals acquired from the INFREP
network have been presented

v A set of tools for the automatic detections of VLF anomalies,
estimation of the geographical region and time window of occurrence,
are currently available

v' First examples of anaomalies detected in the LSET values before an
EQ (to be confirmed with other experiments)

Continuing working on:

 processing pipeline and visualization tools (applied to the whole INFREP
dataset)

* Increase of the number different parameters to be simulateneously
used for a statistically more robust EQ forecast
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