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ABSTRACT 

Thanassoulas, C. and Tselentis, G., 1993. Periodic variations in the Earth’s electric field as earthquake precursors: results 
from some recent experiments in Greece. In: P. Varotsos and 0. Kulhanek (Editors), Measurement and Theoretical 
Models of the Earth’s Electric Field Variations Related to Earthquakes. Tectonophysics, 224: 103-111. 

The results obtained during an extensive investigation of the variations in the Earth’s electric field at three tectonically 
active areas in Greece, and their relation to the occurrence of earthquakes are described. In all three cases, a 24 h periodic 
oscillation of the Earth’s electric field was observed prior to large imminent earthquakes, one of which was the September 
13th, 1986 (measuring M, = 6.2 R) earthquake which devastated the city of Kalamata. Finally, two physical processes, which 
could explain the above phenomenon are proposed. 

1. Introduction 

The development of methods of earthquake 
prediction proceed from the assumption that 
variations in a great number of geophysical and 
geochemical fields occur before the onset of any 
strong earthquake, due to the accumulation of 
geotectonic stresses in its focal area. The summa- 
rized data of precursors (Rikitake, 1976; Mogi, 
1986) show the presence of a wide range of 
precursor times (from several minutes to several 
years) for various geophysical fields; indicating 
the existence of an almost uninterrupted fre- 
quency spectrum of precursors. These probably, 
reflect the fracturing of blocks of rock of various 
sizes. 

Recordings of changes in the natural electric 
field of the Earth, in search of precursors of 
strong earthquakes, have been reported by many 
researchers. In the USSR, extensive experiments 
in the tectonically active area of Kamchatka 
(Mjachkin et al., 1971; Mjachkin et al., 1975; 
Sobolev, 1975; Fedotov et al., 1977) have revealed 
the existence of some characteristic bay-like 

anomalous changes in the Earth’s electric field 
3-16 d prior to the main shock and at epicentral 

distances of up to 150 km. 
In China (Coe. 1970, these anomalies are ex- 

pressed by an abrupt drop in the electric field, a 
few hours prior to the earthquake, which recovers 
after the occurrence of the shock. For example, 
the successfully predicted Haicheng earthquake 
of 1975, was preceded by an abrupt drop in the 
electric field at a station located at a distance of 
25 km from the epicentre (Raleigh et al., 1977). 
Similar phenomena have also been reported in 
Japan (Koyama and Honkura, 1978). 

In Greece, systematic observation of changes 
in the Earth’s electric field prior to earthquakes 
began in 1981, using a network of 18 stations 
(Varotsos and Alexopoulos, 1984a,b; Meyer et al., 
1985) telemetrically connected to a central station 
in Athens. Systematic analysis of the data ob- 
tained revealed that, in many cases, a transient 
change in the Earth’s electric field of the order of 
several millivolts, for a 50 m dipole, and lasting 
between 1 and 60 min occurred several hours 
(and in some cases a few days) prior to the shock. 
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Fig. 1. Location of the three recording sites and the focal 
areas. 

Meyer and Pirjola (19861, working on some 
recordings of the Greek geoelectric network, ob- 
served periodic anomalies in the Earth’s electric 
field, with a 24 h period, prior to an earthquake 
sequence in western Greece. These anomalies, 
occurring as a periodic component superimposed 
upon the larger variations in the electric field, 
started a few days prior to the shock. The peri- 
odic variations in the electric field appear to built 
up about 4-5 days prior to the main shock, with 
the successive peaks increasing towards the time 
of the impending earthquake and a successively 
decreasing after it. 

The purpose of this paper is to discuss the 
results of some similar investigations which were 
carried out in three experimental sites in Greece 
(Fig. 1). 

The collection of the experimental data was 
perfurmed during three different periods, em- 
ploying the folkwving equipment: a 50 m dipole; a 
self potential back-up system; a low-pass filter 
with a 5 min. time constant; an analog recording 
device equipped with an A/D converter and an 

RS232 port for direct communication with a mi- 
crocomputer. 

2.1 First recording period: the Lesbos Island aperi- 

ment 

During the period January 29th, 1982, to March 
3rd, 1982, continuous measurements of the 
Earth’s natural electric field were carried out 
(Thanassoulas, 1982) on the island of Lesbos (Fig. 
1). The North Aegean is an area with relatively 
high seismic activity (Drakopoulos and Makro- 
poulos, 1983). During the period 197% 1982, a 
considerable increase in this activity was ob- 
served. A main shock of h4, = 7 occurred in the 
northeastern area of the Sporades trough (Fig. l), 
to the west of the Island of Limnos. 

Statistical analysis of the existing data in the 
area suggested that a second earthquake with a 
magnitude of not less than 4 was to be expected 
from the same focal area (Papazachos et al., 
1984). Hence, it was decided to install an experi- 
mental device for monitoring the Earth’s electric 
field on Lesbos Island. The dipole was installed 
on the southern part of the island and was di- 
rected in such a way as to bisect orthogonally the 
expected equipotential surfaces of the anomalous 
SP (self potential) field, originating from the hy- 
pothetical focal area in the North Aegean. The 
expected earthquake occurred on February 9th, 
1982, and was of magnitude M, = 4.8 R. 

2.2 Second recording period: the Eparwmi aperi- 

ment 

During the summer of the next year (19831, the 
experiment was repeated Uhanassoulas and Tse- 
lentis, X&36), installing the dipole in the Epanomi 
area, which is located a few kilometres eastward 
of the city of Thessaloniki (Fig. 11. The aim of the 
experiment was to examine the behaviour of the 
Earth’s electric field in a seismically inactive pe- 
riod in the same area. The recording period lasted 
from July 24th, 1983, to August 22nd, 1983. On 
August 6th, 1983, an unexpected, strong earth- 
quake (M, = 6.6) occurred and was followed by a 
sequence of five aftershocks, all with magnitudes 
greater than 4.1 R. 
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2.3 Third recording period: the Patras experiment 

The Gulf of Corinth and the Southern Hel- 
lenic Arc are two regions of pronounced seismic 
activity. During the summer of 1986, a micro- 
earthquake network was installed around the 
western part of the Gulf of Corinth, in order to 
record the seismic activity of the area. Thus, it 
was decided, in addition to the observation of the 
earthquake activity, to perform a continuous 
monitoring of the variations in the Earth’s elec- 
tric field as well. The dipole was installed on the 
outskirts of the city of Patras, The experiment 
lasted from August 24th, 1986, to September 
17th, 1986. On September 13th, 1986, a strong 
earthquake with magnitude M, = 6.2 occurred, 
devastating the city of Kalamata; 21 people were 
killed and many hundreds were injured. 

3. Analysis of the experimental results 

3.1 The Lesbos experiment 

The data obtained for the entire recording 
period are shown in Figure 2a. Two different 
types of variations in the Earth’s electric field are 
revealed in the data. The first is a strong varia- 
tion, having the form of a step. This starts about 
50 h prior to the main shock. This anomaly is 
more clearly shown in Figure 2b, where the origi- 
nal data have been low-pass filtered by a moving 
average technique. The rate of variation in the 
electric field obtained is of the order of 0.2 mV/h 
for a 50 m dipole. At the time the earthquake 
occurred, a drastic drop in the field, of the order 

Fig. 2. Original and low-pass filtered data. 
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Fig. 3. Variations in the Earth’s residual electric and magnetic 

field between 29/l/1982 and 10/3/1%2. 

of 150 mV, was observed. It is interesting to 
mention that the same type of anomaly was re- 
ported by Meyer and Pirjola (1986), prior to an 
earthquake in western Greece and prior to the 
Haicheng earthqrtake (Raleigh et al., 1977). 

Figure 2a suggests that there is a 24 h periodic 
anomaly, modulating the above long period 
anomaly, which starts to built up almost 4 d prior 
to the shock. This second type of variation in the 
electric field is more obvious in Figure 3a, where 
the superimposed periodic signal has been sepa- 
rated. Judging from this figure, it is evident that 
no significant oscillation of the electric field is 
observed prior to January 30th. However, succes- 
sive peaks appear to increase exponentially to- 
wards the time of the impending earthquake. 
After the main shock, this periodic oscillation is 
still observed in the recording with progressively 
decreasing amplitudes. We studied only the first 
segment of the graph, which is related to the 
main shock. A series of aftershocks produced 
similar effects on the electric field recorded, as 
can be seen in Fig. 3a. 

In order to reveal any possible correlation 
between the variation in the Earth’s magnetic 
and electric fields, geomagnetic records were ob- 
tained from the Penteli observatory (close to 
Athens). We used the most prominent compo- 
nent of the magnetic records (z component). Fig- 
ure 3b shows the Earth’s magnetic field for the 
entire recording period. 

Next, the recording period was divided into 
sub-periods, the first lasting from January 29th to 
February 3rd, 1982, which is long before the 



Fig. 4. Comparison between the variations in the Earth’s 
electric and magnetic fieId and tbeir power spectra for the 

periods 29/l/1982-3/2/1982 and 4/2/1982-9/2/1982. 

event, and the second sub-period lastizqg from 
February 4th to the 9th 1982, Wittbin w@& pe- 
riod the euthquake occurred. Fiwe 4 stir the 
vari&ions in the electric and magnetic fields ob- 
tained for the twu sub-pkods. The correqxmd- 
ing mer spectra of the two fields are also shown. 
The calculated .power spectra reveal that, d&g 
the first subqerkd, only a very small bang 
between the two fields is evident. However, a 
very high degree of correlation between the two 
spectra is revealed for the second sub-period, ft is 
interesting to note that the apart oscillation 
in the power spectrum has a 24 h period. 

The experimental data are aid in thee 
different periods. Fiie 5a, shows the variatkms 
obtained in the electric field for the ~~-~, 
which lasted fram July 24%h to August 2nd, 1983, 
while Figure Sb shows the residu& dectric %eM 
after the regional trend (&own in Figure 5~1 has 
been removed, The variations ia the wetic 
field for the same period are showix in Figure 5d. 
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Fig. 5. Variation in the Earth’s electric (raw data, residual and 

trend) and magnetic field, for the period 24/7/1983- 
2/B/1983. 

Following the same approach as before, the 
power spectra of the electric and magnetic fields 
were cakulatcd for the above period (Fig. 6). 
Judg&g from this figure it would appear that the 
mr spectrum of the magnetic field, as would 
be exp&cted, is concentrated in the 24 h band. 
The power spectrum of the electric fieki, how- 
ever, is characterized by periods greater than 24 h 
a&d a significant difference between the maxi- 
mum peaks of the two spectra can be seen. 

During the second sub-period, which lasted 
from August 3rd to August llth, 1983, a signifi- 
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Fig. 6. Power spectra of the Earth’s electric (residual) and 
magnetic field, for the period 24/7/19&S2/8/1983. 
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Fig. 7. Variation in the Earth’s electric field (raw data, resid- 
ual and trend) and magnetic field, for the period 3/8/1983- 

11/8/1983. 

cant increase in the seismic activity of the area 
was observed (Rocca et al., 1985). The data ob- 
tained are shown in Figure 7, while the corre- 
sponding power spectra are shown in Figure 8. 

In contrast to the first period, a periodic oscil- 
lation of the electric field built up and on August 
6th an earthquake of MS = 6.6 occurred, ex- 
pressed by a sudden decrease in the amplitude of 
the periodic oscillations. For the same period, it 
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Fig. 8. Power spectra of the Earth’s electric (residual) and 
magnetic field, for the period 3/8/1983-11/8/1983. 
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Fig. 9. Variation in the Earth’s electric (raw data, residual and 

trend) and magnet; field, for the period 12/8/1983- 

22/8/1983. 

is deduced from the power spectra, that there 
was a concentration of the energy in the 24 h and 
12 h period band for both the magnetic and the 
electric fields. 

Finally, there was a great increase in the seis- 
micity of the area during the third period, where 
an aftershock sequence occurred. This is ex- 
pressed by a continuous increase in the amplitude 
oscillations (Fig. 9). The corresponding power 
spectra are shown in Figure 10, which reveals a 
characteristic coupling between the two fields. 
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Fig. 10. Power spectra of the Earth’s electric (residual) and 
magnetic field, for the period 12/8/1983-22/8/1983. 



3.3 The Patras experiment 

Data for this experiment were obtained from 
August 24th to September 17th, 1986. Due to 
some malfunction of the recording system, this 
period was divided (for processing purposes) into 
three sub-periods, which contain the actual data 
recorded. 

Figure lla, depicts the data recorded within 

the first sub-period (24/S/1986-2/9/1986), 
while Figure lib shows the residual data for the 
same time interval, after some long wavelength 
trends have been removed. Figure llc shows the 
corresponding power spectrum of the residual 
data. From this figure, it is obvious that there is 
no energy concentration in the 24h period band, 
while the greatest energy peak occurs at a wave- 
length greater than 24 h (almost 3 d). 

After the above recording interval, there is a 
gap in the recording sequence of 1 d (3/9/1986). 
Data acquisition was resumed from September 
4th to the lOth, 1986, and the data obtained are 
shown in Figure 12a. Figure 12b shows the resid- 
ual detrended data for very long periods, while 
Figure 12c shows their power spectrum. In Figure 
12 a change in the appearance of the power 
spectrum for this time period, as compared to the 
previous one, can be seen: the energies are con- 
centrated towards the 1 d period and its higher 
harmonics (12 h, 8 h). 

On September llth, 1986, another technical 
problem disturbe,d the recording. This meant that, 
in fact, the last recording sub-interval started on 
September 12th 1986 (18 h) and lasted until 
September 17th (24 h). The data obtained are 

c 

Fig. 11. Variation in the Earth’s electric field (raw data and 
residual) and the corresponding power spectrum, for the 

period 24/g/1986-2/9/1986. 
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Fig. 12. Variation in the Earth’s electric field (raw data and 

residual) and the corresponding power spectrum. for the 
period 4/9/1986-10/9/1986. 

shown in Figure 13a, while Figure 13b depicts the 
detrended (residual) data for long periods. The 
corresponding power spectrum is shown in Figure 
13~. It is worth noting the distinct 24 h peak in 
this spectrum, as well as its second harmonic (12 
h). The corresponding oscillation of the Earth’s 
electric field (24 h period), is also obvious in the 
residual data plot (Fig. 13b), and lasts for the 
whole of September 13th. The same day, an 
earthquake of M, = 6.2 occurred just below the 
city of Kalamata, about 200 km south of the site 
of the installed dipole (Fig. 1). As it is evident 
from Figure 13b, after the above event, the 24 h 
period oscillation of the Earth’s electric field 
disappears. This is clearer in Figure 13d, where 
all the high frequencies have been removed from 

c 
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Fig. 13. (a-c) Variation in the Ear&‘@ electric field (raw data 
and residual) and the correspond@ mr spectrum, for the 
period 13/9/19&N-17/9/1986. Cd1 Low-pass futered data 
(residual) of the Earth’s electric field for the period 

13/9/1986-17/9/1986. 
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the residual data so that the 24 h period oscilla- 
tion is highlighted. A decrease in its amplitude 
after the occurrence of the earthquake can be 
seen. 

4. Discussion 

From all the three experiments mentioned 
above, we can make the following observations: 

(1) Long before the occurrence of a shock, the 
Earth’s electric field is dominated by long wave- 
lengths, with periods greater than 24 h, superim- 
posed on random, high frequency noise. 

(2) As we move towards the time of occurrence 
of the event, a characteristic oscillation of the 
electric field with a 24 h period builds up and is 
superimposed on the previous long wavelengths. 

(3) A few days prior to the occurrence of the 
earthquake, this 24 h period oscillation increases 
in amplitude, nearly exponentially, until the 
earthquake begins, when a decrease in the ampli- 
tude of the oscillation is observed. 

Similar observations have been also reported 
by Meyer and Pirjola (1986). These authors stud- 
ied recordings obtained from the VAN network 
and the same kind of oscillation was revealed 
(Fig. 14), some days prior to an earthquake mea- 
suring M, = 6.2. 

From the above, it can be concluded that the 
24 h period oscillation of the Earth’s electric field 
observed is associated to a high degree with the 
dynamic conditions in the focal area prior to the 
occurrence of the shock. 

-120 

JAN 13 15 17 19 
1983 

Fig. 14. Time derivative of the Earth’s electric field, for the 
period 12/l/1983-19/l/1983, recorded at Pirgos site, 

Greece (after Meyer, 1986). 

Varotsos and Alexopoulos (1984a,b), proposed 
the “piezostimulated” model to explain the elec- 

tric signals generated in the focal area. This model 

does not account for the observed 24 h period 
observed in the oscillations of the Earth’s electric 
field. 

Meyer and Pirjola (19861, pointed out that 
these oscillations could not be induced by varia- 
tions in ionospheric currents generated from 
magnetic field variations. It was shown that in- 
duced currents should have very low amplitudes, 
that generate a voltage drop on the ground of the 
order of 1.5 mV, for a 50 m dipole. This contrasts 
with the signals observed in the Lesbos experi- 
ment, which were of the order of several decades 
of millivolts. In an attempt to explain the origin 
of these 24 h period oscillations, two models are 
proposed. 

The induction model is based on induction 
currents in the ground from the ionosphere. Ac- 
cording to this hypothesis, it is accepted that the 
amplitudes of the induced telluric currents at the 
focal area, are “stress dependant”, that is, in the 
equation for the induced electric field (Meyer 
and Pirjola, 1986): 

E(t) =F(&&,W?t) (1) 

An extra stress-dependant parameter g(4), is 
included, so that the modifying the electric field 
E(t) can be described by: 

E(t) =W,,~,,~,a,t)&$) (2) 

where & pot a, u and r are parameters de- 
scribed by Meyer and Pirjola (19861, and g(#) is 
a functional stress load (4) which is applied in 
the focal area. In order to explain the nearly 
exponential increase in the amplitudes of the 
oscillations observed, it is assumed that the func- 
tion g(4) can be described by the following ana- 
lytical expression: 

g( 4) =Ae+(‘) (3) 

where b(t) is the stress applied at the focal area 
and A is a donstant. 

As long as the stress is smalt, the term g(4) in 
eqn. (2) is negligible and does not influences the 
Earth’s electrical field significantly. As the stress 
starts to increases within the focal area, the fac- 



1 10 C. THANASSWJLAS ANO (I I’SELENl‘l\ 

t 
EARTH TIDES EFFECT 

TECTONIC STRESS 
/ 

V 

dVo,, .24h PERIOD SP OSClLL.w?otd O&W?VlED 

Fig. 15. Schematic representation of the proposed large-scab 
piezoeiectric model mech~ism. 

tor gfi$) takes large values, thus it modifies the 
electric field of the Earth to a considerable de- 
gree, until the occurrence of the shock, when the 
decrease in the stress applied results in a drop in 
the observed variations in the Earth’s electric 
field towards the previous, undisturbed levels. 

Large-scale piadctk pact is the sec- 
ond model proposed for the explan&ion of the 24 
h period oscillations. The generating mechanism 
proposed is explained in Figure 15. Under large 
stress levels the crystalline basement e&ibits a 
piezoelectric behaviour. Figure 15 shows piezo- 
electric potential fW as a function of the pres- 
sure (PI, applied to a block of crystalline base- 
ment. 

At low stress levels, the function V= F(P) is 
either constant or has a very low gradient. Above 
a certain threshold the gradient increases, so that 
the pressure component, d P, induced by the tidal 
components, Kl (23.93 h) and Pl (24.07 h) and, 
most probably, from the higher harmonics (12 h), 
modulates the piezoelectric potential generated 
in the focal area, with a period equal to the 
period of the tides Gopoff, 1964). 

It is obvious that the amplitude of the oscilla- 
tions generated must depend upon the dynamic 

(stress) state of the focal area and can be de- 
scribed by the following equation: 

V(t) = K(av/ap)d P (4) 

where K is a constant and d P is the oscillating 
tidal component. 

In both the above models an electric potential 
is generated within the focal area and the electric 
field produced in this way can be detected at 
great distances from the earthquake’s epicentre. 

5. ConcIusions 

The systematic investigation of the Earth’s 
electric field, in conjunction with earthquake ac- 
tivity, revealed the existence of a 24 h periodic 
oscillation in the monitored field, which starts to 
develop a few days prior to the occurrence of the 
earthquake. This phenomenon could be of use in 
short-term earthquake prediction. For this rea- 
son, extensive recordings of the Earth’s electric 
field should be carried out using monitoring net- 
works, comprising dipoles with various orienta- 
tions, in tectonically active areas. The data ob- 
tained should be scrutinized to reveal possible 
periodic& in the oscillations of the electric field. 
More research should also be carried out on the 
estimation of the various earthquake parameters 
(e.g., focal area, origin time and magnitude). 

Since the focal area can be described as an 
electric potential source (electrically polarized 
fault plane), it is possible that some of its geomet- 
ric and electrical parameters (length, strike direc- 
tion, depth extent, dip angle and electrical charge) 
could be estimated using conventional potential 
inversion techniques on models simulating faults 
(like the “patch model” used in geothermal ex- 
ploration with the self-potential method), pro- 
vided that adequate data are available. 
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