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Abstract

The self-potential time series recorded during the period May 1991 - August 1992 by an automatic station, lo-
cated in a seismic area of Southern Apennines, is analyzed. We deal with the spectral and the statistical fea-
tures of the electrotelluric precursors: they can play a major role in the approach to seismic prediction. The
time-dynamics of the experimental time series is investigated, the cyclic components and the time trends are
removed. In particular we consider the influence of external noise, related to anthropic activities and meteo-
climatic parameters, and pick out the anomalies from the residual series. Finally we show the preliminary
results of the correlation between the anomalies in the time patterns of self-potential data and the earthquakes
which occurred in the area.

Key words geoelectrical precursors — time series plete physical theory about these precursors, is

— seismic prediction not yet available. The phenomenon is complex:

many parameters play an important role in the

1. Introduction dynamics of the process and some of them are
related to external noise.

Changes in many geoelectric parameters are A scientific approa(':h to the problem Co.lﬂd

observed before and during an earthquake and be based on an analysis of the space and time

many models have been proposed to describe, patterns Qf the na'tural electric 'ﬁeld, around a
in the time domain, the anomalies in the natu- focal region, continuously monitored by a net-
ral electric field measured near the epicentral work and on the application of advanced statis-
area. These effects can be related to an under- tical methods to pick out the anomalies related
ground fluid diffusion (Nur, 1972) and/or to a to the seismic event. In many cases (Varotsos
piezoelectric effect (Sornette and Sornette, and Alexopoulos, 1984a,b), we cannot evaluate
1990). The correlation between the observed  the efficiency of the electric precursors be-
anomalies in the self-potential time series, cause the occurrence probability of the seismic
which are evaluated measuring the voltage dif-  event is high and, on the other hand, a statisti-

ferences between two electrodes put in the  cal analysis of the observed anomalies is omit-
ground, and the occurrence of a seismic event ted (Burton, 1985). Besides, it is necessary to
has been studied by many authors in recent  distinguish in the self-potential time series the
years (Mogi, 1985; Rikitake, 1979, 1988). In contribution of many factors (storm, industrial
many countries some successes were obtained activities, rainfall cycle etc.) not directly re-
in forecasting earthquakes: however, a com- lated to the earthquakes.
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Fig. 1. The map localizes the measuring station and the epicentres of the earthquakes observed in the period
May 1991-August 1992.
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Table I. Catalogue of the earthquakes observed in the area during the period May 1991-August 1992.

Date Latitude Longitude Magnitude
May, 26 1991 40°42° 15°48’ 4.7
May, 27 1991 40°41° 15°47 34
May, 27 1991 40°42° 15°48° 3.1
May, 28 1991 40042’ 15°52° 3.0
June, 6 1991 40°30° 15°48’ 33
June, 6 1991 40°42° 15°42° 3.1
May, 8 1992 40°41° 15°52 35
July, 2 1992 40°42° 15°30° 3.2
In this work we are concerned with the sta- 2. Data

tistical analysis of a self-potential time series
recorded by an automatic station in a seismic
area of the Southern Apennines (fig. 1). The
area is localized in the Basilicata Region
around the town of Potenza, that, in recent
years, has been hit by many earthquakes with
magnitudes M > 3 (table I). In particular the
town of Potenza has been damaged many times
over the centuries and historical documents al-
low us to evaluate the seismic sequences (Pel-
lettieri, 1992). The seismic risk in this region is
very high and this area represents an optimum
test site to analyze the efficiency of the electric
precursors.

We use the periodogram and maximum en-
tropy techniques to evaluate and remove the
predominant components in the spectrum of
the self-potential time series. The filtered data
are then correlated with the meteo-climatic
variables, namely air temperature and daily
precipitations. Finally we pick out the anoma-
lies in the residual time series and we show the
preliminary results of the correlation with the
local seismic events.

An advanced statistical analysis of the tem-
poral dynamics of the self-potential time series
can give useful information on the physical
law needed to describe the phenomenological
aspects of electrotelluric precursors. This ap-
proach, combined with a large network to mea-
sure the space and time patterns of telluric cur-
rents, would lead to an estimate of the effi-
ciency of geoelectric precursors.

In May 1991 we installed two couples of
electrodes along the N-S and E-W directions
with a spacing of 100 m and 120 m respec-
tively, in the research area of the National Re-
search Council located in Tito Scalo (Potenza,
Italy). Measurements of voltage differences be-
tween the electrodes are performed and con-
trolled by a data logger. The experimental ap-
paratus is controlled by a personal computer in
which we implemented ad hoc software to
store and analyze the measured voltage differ-
ences. The sampling interval of the system is
Atr=5s and a mean value is calculated on 60
measurements and stored on a magnetic sup-
port (fig. 2).

The automatic station is a multichannel
system: some channels, since April 1991,
have been used to measure many meteo-cli-
matic parameters: air temperature, radiance,
humidity, etc.... A cross-correlation between
the time series of these parameters and the
self potential data will be shown in the next
section.

The electrodes are made of copper bars
working buried at 1 m depth. In September
1991 we also installed two couples of non-po-
larizable probes near the copper electrodes. As
shown in fig. 3a,b the data from the two elec-
trode types are not significantly different and,
for the sake of brevity, in the following sec-
tions we will describe only the results obtained
using the copper bars.

Only in the period July 1991-September
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Fig. 2. Plot of the voltage signals measured along the two directions N-S and E-W during November

1991.

1991 there was data missing, the global ratio
between missing and measured values is lower
than 20%.

3. Spectral and statistical features
of the self-potential time series

In this section we study the infuence of ex-
ternal geophysical parameters such as air tem-
perature cycle, humidity etc... on the self-po-
tential time series. To remove the external
noise we studied the spectral features of the
time series and filtered the contaminated com-
ponents in the power spectrum. Before starting
with this analysis we calculated the daily mean
value for each day, in this way we performed a
low-pass filter and removed the influence of
sporadic transients and the effects related to di-
urnal change of the ground temperature.

The time series we analyzed are made up of
the daily mean values of voltage differences
measured in the directions N-S and E-W
during the period May 1991-August 1992
(fig. 3a,b).

We used the classical approach based on the
periodogram technique (Jenkins and Watts,
1968) to calculate the power spectrum of the
experimental data. To check and distinguish
harmonic components inside small frequency

intervals we applied the maximum entropy
method (Burg, 1978).

Given a discrete time series X(nAf?), the pe-
riodogram power is

A2(i) + B2 (i)

P@) = 5

(3.1)

fori=1,2, % —1, the coefficients A(i) e

B(i) are defined by

N .
A) = % ZX(nA f) cos (2’;] )

(3.2)

N .
B(i) = % z X(nAf) sin ( ’]rv’”)

where N is the number of the available data.

For i =g we have

N
Z X(nAt) cos (nm)
(3.3)

1140



Self-potential time series analysis in a seismic area of the Southern Apennines: preliminary results

—-1991-

Daily Mean Values

-1992—

-100
-150
-200

e, 2
7\?A%%§%§E
Vit ..
¥, V)

| | | l

may jun jul aug sep oct nov dec jan feb mar apr may jun jul aug

<200
E150
100
50

0
-50
-100
—-150

||II|||Il|IIHllII(IIlII'|I|I|I||l|II|l

I N B [

. - EJJ*~¢"‘%?G\ o

|

1S e
Y™ Wy
™,

~

| | | | | | | l

~200
®

may jun jul aug sep oct nov dec jan feb mar apr may jun jul

Fig. 3a,b. Daily mean values of the self-potential time series: a) values measured with the copper bar elec-
trodes; b) values measured with impolarizable electrodes.

The periodogram power spectra obtained
applying egs. (3.2) and (3.3) are plotted in fig.
4a,b. The second and the third harmonic ex-
plain, throughout the time series analyzed, al-
most 50% of the variance, while the first har-
monic contribution is negligible. We can con-
clude that in the time series two strong cyclic
components can be distinguished without lin-
ear trends, while for other frequencies the
spectrum can be considered flat.
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A powerful method to distinguish cyclic
components with very close frequencies is the
maximum entropy technique. The basic idea
which underlies the procedure is to assume that
the time series are composed of a periodic pat-
tern and a white noise, thus we remove the pe-
riodic patterns by generating new data accord-
ing a suitable linear filtering operation which
produces only white noise. The technique con-
sists of modeling the data with an autoregres-
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Fig. 4a,b. Periodogram power spectra of the time series plotted in fig. 3a; a) and b) refer to the results for
the values measured along N-S and E-W directions respectively.
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Fig. 5a,b. Maximum entropy spectra of the time series shown in fig. 3a; a) and b) refer to the N-S and E-W
directions respectively.
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sive process (Box and Jenkins, 1976). In our
case we use Burg’s estimation procedure
(Burg, 1968) as implemented by Andersen
(1974).

The spectrum is

o2 At

S.(f) = _
[1-X_, 6, exp QujfAn]

34

where o7 is the sampling variance of the
X(nAr) series, fis the ordinary frequency lim-
ited by Nyquist interval and ¢; are the coeffi-

cients of the autoregressive model fitted to the
data (Andersen, 1974). The maximum entropy
spectra obtained are shown in fig. 5a,b: they
confirm the previous results.

The strong cyclic components we are dis-
criminating in the spectrum have very low fre-
quencies and could be related to the tempera-
ture and/or rainfall periodicity. Before analyz-
ing the correlation between the self-potential
time series and the seismic sequences, we fil-
tered the first two components in the spectrum
(fig. 6a,b, full line) and normalized the time
series by the variance obtaining the residual
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Fig. 6a,b. Fit between the time series and the values obtained from the first two cyclic components of the pe-
riodogram spectrum: a) and b) refer to the values measured along N-S and E-W directions respectively.
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Fig. 7a,b. The figure reports the residual time series: a) and b) refer to the N-S and E-W directions respec-

tively.

time series with zero mean and unit variance.
The residual values are given by the following
formula:

X(nd) - E7_ [ (t)COS(ZN )+B( )s n(zfv’”)J
3.5)

forn=1,2,...,N, where o7 is the sampling
variance of X(nA) and A(l) and é(l) are esti-
mates of the Fourier coefficients. The residual
time series are shown in fig. 7a,b.

4. Cross-correlation with seismic sequences:
preliminary results

In this section we compare the self-potential
residual time series with the seismic sequences
recorded by the local network of «Centro di
Geomorfologia Integrata per le Aree del Me-
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diterraneo» connected to the national net-
work of «Istituto Nazionale di Geofisica». Dur-
ing the measuring period inside a 50 km radius
with its centre in the city of Potenza many 1

seismic events with magnitude M > 3 have oc- N

N—-k
n =1

P (k) =

[X;(nAD) = X1 [X;((n + A1) - X ]

N
curred (table I).

Before comparing the residual time series
with the seismic sequences we studied the
cross-correlation of all residual time series
with the air temperature and humidity time se-
ries (fig. 8a,b). An estimate of the normalized
cross-correlation coefficients is

V5,0 p;(0)

where X;(nAf) represents:
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Fig. 8a,b. a) Reports the air temperature time series recorded at the station during the period May 1991-

August 1992; b) reports the air humidity time series recorded in the same period.
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for i = 1, the residual time series (N-S);
for i = 2, the residual time series (E-W);
for i = 3, the air temperature time series;
for i = 4, the air humidity time series;

the X; and ﬁ,-i (0) denote the mean value and the
variance of the i-th time series, respectively.
For two processes completely uncorrelated the
expected values of the cross-correlation coeffi-
cients are zero for all lags and the variance of

the estimator p; is o? =% (Jenkins and Watts,

1968). Hence the 95% confidence limits are
120, and the coefficients, obtained from eq.

(4.1), fall in the confidence interval (band lim-
ited by two dashed lines in fig. 9a-d) for all
values of k, so we can consider the residual
time series not influenced by external noise re-
lated to meteo-climatic change.

Finally we can compare the data with the
seismic sequences: a strong anomaly in the
residual time series (the values are greater than
20) is present in May 1992 and many tran-
sients are located in the interval June 1991-
July 1991. In the same periods we observe
earthquakes of magnitude M > 3.2 in the area
(fig. 10).

@ -1 L | | 1 |

Fig. 9a-d. Cross-correlation coefficients with different lag: a) and b) report the results obtained from the
residual voltage time series and the daily air temperature; c) and d) report the results obtained from the resid-

ual voltage time series and the humidity time series.
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Fig. 10. The graph shows the main earthquakes (arrows) of the period and the residual self-potential time

series.

On the other hand, in July 1992 an earth-
quake (M = 3.2) occurred and we did not note
any change in the temporal dynamics of the
self-potential time series. To explain this phe-
nomenon we recall that in many geological
conditions, with particular depth conductivity
distributions, we do not observe a difference
voltage at the measuring probes (Patella, 1988)
when we have a charge motion in the hipocen-
tral area. We note also that the earthquake epi-
centre, recorded in July 1992, is not localized
near other epicentres and it is far (40 km) from
the measuring point.

The discriminated anomalies have a very
low probability to be correlated with random
fluctuations around the mean value. The resid-
ual values have a normal distribution and the
probability that many consecutive values are
above the threshold of 20 is very low.

To conclude our analysis we note that the
electrical seismic prediction is extremely com-
plex, but the preliminary results are interesting
even if the analyzed period is short. At present
we can only investigate and localize the
anomalies in the residual time series but, in the
near future, we will be able to estimate their
occurrence probability.

5. Conclusions

In this study we obtained the first prelimi-
nary results on the efficiency of electrotelluric
precursors of earthquakes. The phenomenon is
complex and the physical laws that govern the
process are not completely known. In this work
we suggested a methodological approach to the
study of the self-potential time series for seis-
mic prediction. In our opinion only a prelimi-
nary statistical and spectral analysis of the self-
potential residual time series can give useful
information on the role of electrotelluric pre-
cursors in the problem of seismic prediction.
The preliminary results, discussed in the previ-
ous section, show in many cases a temporal
dynamic change in the time series when an
earthquake occurs. In the near future we plan
to implement the measuring points, the newly
collected data will allow us to evaluate the sta-
tistical efficiency of these electric precursors.
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