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Abstract

Three electrotelluric stations were installed in Israel in order to examine electric field changes associated with
earthquake occurrence at the Bar-Giora observatory, at the Ein Gedi field school and on M. Tur’an. During
the observation period 1994-1995, no earthquake was shown to cause any changes in the electric field at the
measurement sites. This study focused on signal processing of electric field continuous measurements. The
main purpose was to identify, and consequently filter out, signals caused by local and extra-terrestrial sources.
New procedures for data processing were developed mainly using data from the Bar-Giora station, which has
been instrumental in. the experiments.

Key words magnetotelluric field — electrodes — is connected to a PC based data acquisition
noise filtration — earthquake occurrence system which can record potential differences
in a range of about + 330 mV with a resolution
of about 0.16 mV. Data are sampled once per
second and averaged over one minute. The av-

. .. ) erage values are continuously stored on hard
Electrotelluric field variations are monitored disk (Shirman and Shapira 1994).

by networks of field stations in Greece and
Japan employed for earthquake prediction
(Varotsos and Alexopoulos, 1984a,b; Kinoshita
et al., 1989). Interest in the electrotelluric ef-
fects preceding an earthquake has grown re-
cently (Maron et al., 1993; Di Bello et al.,
1994). Electrotelluric field monitoring to detect
seismoelectric effects began in 1993-1994 at
three stations located near the Dead sea trans-
form fault system. Identical equipment and
data acquisition software have been installed at
all three stations. Each pair of lead electrodes

1. Introduction

The main objective of data processing is to
recognize and remove noise in the electric field
in order to identify variations. associated: with
seismotectonic processes. Our experience of
magnetotelluric field monitoring as well as the
results of other researchers (Maron et al.,
1993; Di Bello et al., 1994) have enabled us to
identify three main sources of electrotelluric
noise:

1) local electrochemical currents around the
electrodes (associated with changes in meteo-
rological conditions);

2) anthropogenic (or industrial) noise (elec-

, ) ) tricity supply lines, factories, etc.);
 Mailing address: Dr. Boris Shirman, ~Seismology 3) external sources: variations in the Earth’s
Division, Institute for Petroleum Research and Geo- . ..
physics, P.O. Box 2286, Holon 58122, Tsracl; e-mail: outer magnetic field (solar day variations, mag-
seis@iprg.energy.gov.il netic storms, etc.).
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Measurements of the electric field at the
three monitoring stations Bar-Giora (magnetic
observatory), Mt. Tur’an and Ein Gedi were
routinely compared with the seismic activity in
the region. Earthquake bulletin information and
the seismicity map (see fig. 1, where triangles

denote station locations) show that no earth-
quake of a magnitude significant to our study
occurred during the period under consideration.
Hence, our attention focused on a solution to
the noise minimization problem in the absence
of a desired signal.
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Fig. 1. Map of epicenter locations of earthquakes occurring in Israel from January 1993 to August 1995
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2. A new approach to electrochemical local
variation minimization

2.1. Physical principle

Electrochemical Local Variations (ELV) are
caused by special electrochemical polarization
processes between electrodes and soil. The
electrode charge depends on meteorological
conditions (i.e., rainfall, soil temperature and
humidity, solar radiation, etc.). Our approach
to ELV detection is based on the electrotelluric
field observations obtained using two disk-
shaped, lead electrodes of different sizes de-
ployed at each of the holes in N-S and E-W di-
rections and then comparing the electric poten-
tials of adjacent electrodes. The electric poten-
tial of an electrically charged conductor (thin
disk) is defined as:

D = gq/C

where C = 2a/r is the electric capacity, q is the
full charge, a is the radius of the disk.
Hence:
D =1mqgl2a 2.1)
An equipotential electric field on an electrode
surface must be provided by surface charge
density (Jackson, 1962):
o(n = qlera(@-ry). (22
We assume that the surfaces of the two differ-
ent electrodes deployed in the same hole are in
identical electrochemical conditions, therefore,
according to electrode symmetry, the charge

density in the centers of the disks is equivalent
to:

q
2 wa?

o
0(0) = =5 =0y=const. (2.3)

Introducing eq. (2.3) to eq. (2.1), we find that
the electric potential is proportional to the elec-
trode radius:

® =1’ oya. (2.4)

Consequently, the potential differences be-
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Fig. 2a,b. Electric line configurations with analog
device, A/D converter and PC in Bar-Giora experi-
ments.

tween two adjacent electrodes with different
radii represent the electrochemical change of
electrodes in the given hole (electric potentials
of two nearby electrodes of other sources are
equivalent).

2.2. Experiments with different sized electrodes

During 1994-1995 the above approach was
tested at the Bar-Giora magnetic observatory
where 30, 15 and 8 cm, disk-shaped, lead elec-
trodes were installed at a depth of 25-30 cm.
The reason for the shallow depth was to obtain
the greatest effects associated with meteoro-
logical conditions. The configuration of the ex-
perimental system is shown in fig. 2a,b, where
three electrodes are placed in one and two
holes (first and second experiments respec-
tively).

2.2.1. Electric potential — Radius dependency

Potential differences were compared using
three electrodes of 30, 15 and 8 cm diameter
placed in one and two holes about 1 m apart
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Fig. 3a,b. Electric potential variations between different size electrodes deployed in one hole.
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Fig. 4a,b. Potential difference interdependency of various sized electrodes and linear fit.
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(Experiment I). Figure 3a,b shows records of
the potential difference between large-small,
large-medium and medium-small (top to bot-
tom) electrodes over two periods. Strong daily
periodic variations represent influences of me-
teorological changes on the ELV (variations in
0y in eq. (2.4)). All records are shown after
trend removal. The spike changes on October
25, 1995 in the second channel were probably
caused by noise in the electronic circuit. Sup-
pose there is a proportional dependence be-
tween the electric potential and the radius of
the electrodes, then the ratio is:

(P — DY(D,~ D) = (r;—r)l(r;—r,) = 1.47
(2.5)

where the subscripts /, m and s denote large,
medium and small electrodes, respectively.
The same ratio can be observed from mea-

sured potential differences. Figure 4a,b shows
the relationship between @, — @, and D -,
which are close to linear for October 1994 and
June 1995. The relationships are not strong lin-
ear owing to the time delay between charge
density changes of the different electrodes. The
ratio given by eq. (2.5) was obtained using re-
gression analysis and is similar to the theoreti-
cal estimations, i.e. about 1.4 and 1.3 for the
periods October 24-26, 1994 and June 18-25,
1995, respectively. The empirical results are in
agreement with the theory; eq. (2.4) is ade-
quate for filtering the ELV.

2.2.2. Dependence on meteorological
conditions

Two records of electric potential differences
(Experiment II) are shown in fig. 5a,b where
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Fig. 5a,b. Potential differences between various sized electrodes on (a)
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the two top graphs represent the potential dif-
ference between large (30 cm) and small
(8 cm) electrodes installed in the same hole and
a third electrode in another hole 10 m away.
Signals of different sources are seen on the two
top graphs; the bottom graphs are the com-
puted residual of the two top graphs. These
records were made under different meteorolog-
ical conditions: sunny (fig. 5a) and rainy (fig. 5b)
weather. The residual functions which rep-
resent the ELV show strong daily changes on
sunny days and changes associated with rain-
fall. ELV are obviously strongly influenced by
temperature and humidity.

3. Anthropogenic noise filtration
(time-domain analysis)

3.1. Quantity value determination of the noise
indicator

Analysis of anthropogenic noise shows the
difference between specific industrial and natu-
ral noise signals and this distinctive feature
formed the basis for an automated noise filtra-
tion process. Two intervals were selected in or-
der to demonstrate our approach to anthro-
pogenic noise filtration. The noise filtration
process involves the following steps:
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Fig. 6. Examples of anthropogenic noise recorded at the Bar-Giora observatory (east-west component).
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a) Quantity value determination of the
noise indicator — The anomalous changes in
the electric field appeared at the Bar-Giora ob-
servatory at the beginning of 1994 and were
caused by artificial sources. The changes start
and finish quite abruptly and are of no more
than two minutes duration (fig. 6). We used the
first derivative as an indicator of this specific
type of noise. Quiet signals, i.e. those uncon-
taminated by artificial noise, and their deriva-
tives should fluctuate around zero. The density
distribution of the derivative (or, precisely, the
average value of the derivative of all two
minute intervals) follows the normal distribu-

tion (see fig. 7). Based on this observation we
defined the rate of change of the electric field
of + 7 uV/(m- min) as the threshold above
which the signal should be considered noisy.

b) Determination of noise intervals — The
distribution of anthropogenic noise does not
follow normal distribution; hence all intervals
which exceeded the limit of + 7 UV/(m - min)
were marked and eliminated from the records.

¢) Linear interpolation under noise inter-
vals — Eliminated noise signals were substi-
tuted by data obtained using linear interpola-
tion. The results of anthropogenic noise filtra-
tion are shown in fig. 8a,b.
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Fig. 7. Density distribution of the electric field derivative.
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Fig. 9a,b. Electrotelluric field records obtained using two different sized electrodes and their residuals.
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4. Filtration of external and local
electrochemical sources

Suppose that the observed electric field con-
sists of magnetotelluric and electrochemical
sources. We based our calculations on elec-
trotelluric field observations using two disk-
shaped electrodes of different sizes. It was ob-
served that records of the potential difference
between two adjacent electrodes represent the
electrochemical electric field changes. Assum-
ing that the change density o, in eq. (2.4) is
identical for two adjacent electrodes, the elec-
trochemical potential of the large electrode
could be expressed by the potential difference
between the large and small electrodes:

D) = ri (D~ DY/(r;—r,) 4.1)
With this result we can obtain the potential dif-
ference (for example) between E-W elec-
trodes:

n

¢E_¢W=
! ! r=r

((2F- @ ) - (@F-dY))
4.2)

Two examples in fig. 9a,b represent electro-
chemical changes between large and small
electrodes. The coefficient on the right hand
side of eq. (4.2) can differ in theoretical value.
In order to estimate this, substitute an electric
field describing electrochemical changes in the
magnetotelluric equation:

Ex,i = Zxx Hx,i + ny Hy,i + Cx 8x,i

(4.3)
Eyi=2yH;+Z,H,,+ Gy g,
where H,;, H,;, E, ;, E,;, &, &,; are spectral
components of magnetic, total electric and
electrochemical parts of electric fields for the
i-th measurement, respectively, and Z,,, Zsys
Zyy, Z,y and C,, C, are spectral components of
impedance tensor and electrochemical coeffi-
cients.

The most commonly used approach to
impedance tensor calculations is the least
squares method (Sims et al., 1971). The condi-
tions for minimum error (differences between
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the left and right parts of eq. (4.3)) are realized
when the derivative of errors with respect to
the real and imaginary parts of the impedance
elements and the electrochemical coefficients
are equal to zero. This yields a system of ten
linear equations from which we obtain, using
the Gauss-Jordan method, ten unknowns (the
real and imaginary parts of the four impedance
elements and two electrochemical coefficients).
These coefficients were used to calculate the
electric field from the known magnetic and
electrochemical part of the electric field.

Measured and calculated electric fields were
compared in order to identify disturbances re-
lated to seismotectonic processes. Figure 10a,b
show the same examples of calculated and ob-
served electric fields (after industrial noise fil-
tration) at the Bar-Giora observatory together
with the magnetic field. The comparison also
shows the correlation between measured and
calculated variations.

5. Conclusions

1) Electrotelluric field variations obtained
using two disk-shaped electrodes of differing
size facilitate the identification of local electro-
chemical noise which, in turn, can be used as
an empirical filter to clean the signals.

2) Time domain analysis is effective in re-
ducing the effect of artificial noise.
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