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Abstract. The subject of the research is the study of anoma-
lous disturbances of the gradient of electric field potential of
the atmosphere as possible precursors of earthquakes.

In order to reveal such precursor Dusheti observatory
(ϕ=42.05;λ=44.42) records of electric field potential’s gra-
dient (EFPG) of the atmosphere are considered for 41 earth-
quakes (M≥5.0) occurrence moments in the Caucasus re-
gion.

Seasonal variations of atmospheric electric field potential
gradient and inter overlapping influence of meteorological
parameters upon this parameter are studied. Original method
of “filtration” is devised and used in order to identify the ef-
fect of EFPG “clear” anomalies.

The so-called “clear” anomalies are revealed from
(−148.9 V/m) to 188.5 V/m limits and they are connected
with occurrence moments of 29 earthquakes out of 41 dis-
cussed earthquakes (about 71%). “clear” anomalies manifest
themselves in 11-day precursor window.

Duration of anomalies is from 40 to 90 min.

1 Introduction

When earthquake problems are investigated it should be
taken into consideration that enough knowledge and infor-
mation about the process of earthquake preparation are not
available yet. So we have to use indirect method, it means,
to observe all those phenomena which accompany com-
plex process of earthquake preparation in the seismosphere.
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Earthquake preparation on the Earth’s surface is mainly ex-
pressed by anomalous changes of various geophysical fields,
though earthquake precursors do not always manifest them-
selves due to peculiarities of geophysical structure of source
area and complex geophysical processes which take place in
the source (Park et al., 1993; Plotkin, 2003; Pulinet, 2005;
Prasad et al., 2000; Pulinets et al., 2006; Ouzounov et al.,
2007).

We consider investigation of atmospheric electric precur-
sor as important stage of earthquake problem.

Many scientific articles have considered anomalous dis-
turbances of characteristic parameters of atmospheric elec-
tric field in earthquake preparation period. In many works
near-ground atmospheric layer is considered as “transmis-
sion” layer between the Earth and the ionosphere (Gufeld et
al., 1988; Molchanov et al., 1993, 1998, 2001; Hayakawa et
al., 2000; Kachakhidze, 2000; Smirnov, 2008).

Amplitudes of EFPG disturbances are several times larger
that average value of this parameter. It is obvious that deter-
mination of EFPG precursor time is problematic task (Liper-
ovsky et al., 2008; Triantis et al., 2008).

Examination of contemporary investigations enables us to
note that perfect theoretical model of such important phe-
nomenon as atmospheric electric precursor of an earthquake,
is not yet constructed.

2 Data

Our aim is to investigate “seismic share” in anomalous dis-
turbances of atmospheric electric field.

We have considered change of EFPG near-ground layer of
the atmosphere some days before earthquake occurrence.
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Table 1. Catalogue of the Caucasus 1956–1991 earthquakes with
M≥5.0.

N year mnth data h M ϕ λ

1 1956 3 21 4 5.3 40.9 48.4

2 1957 1 29 15 5.3 42.4 42.4

3 1957 7 2 0 6.5 36 52.5

4 1958 5 6 4 5.5 43.1 47.8

5 1959 5 20 19 5.1 41.9 41.8

6 1963 1 27 19 6.2 41.1 49.8

7 1963 7 16 18 6.4 43.2 41.6

8 1965 8 31 7 5.3 39.6 40.8

9 1966 4 20 16 5.4 41.8 48.1

10 1966 4 27 19 5 38.2 42.5

11 1966 5 2 23 5 38 42.4

12 1966 8 19 12 6.8 39.2 41.5

13 1967 7 26 18 5.8 39.8 40.3

14 1968 4 29 17 5.4 39.2 44.2

15 1968 10 5 15 5.4 41.7 49.5

16 1969 6 17 23 5.1 43.3 45.2

17 1971 5 22 16 6.8 38.8 40.5

18 1973 12 14 9 5.1 41.9 49

19 1974 8 4 15 5.1 42.2 45.9

20 1975 1 9 23 5.2 43.1 47.1

21 1976 2 7 3 5 40.4 51.1

The problem is processed on the basis of retrospective
data, keeping to the chronology of Caucasian earthquakes.

The Caucasus is a seismoactive region of transasian zone.
Earthquakes occur here frequently. Many of them have
caused serious damages and human victims.

Since 1900 year more than 30 earthquakes with magnitude
M≥6.0 are recorded in the Caucasus.

We have studied Dusheti observatory’s (ϕ=42.05;
λ=44.42) EFPG records by hours (1956–1991 years) with
respect to 41 Caucasian earthquakes (M≥5.0) occurrence
moments. Table 1 gives the list of considered earthquakes.

It should be noted that systematic observation of EFPG
was carried out in the region since 1956 year, but in 1992
year observation was ceased due to certain objective reasons.

According to many scientific works, EFPG anomalies
changes, as earthquake precursors, manifest themselves sev-
eral days or hours before an earthquake. Experience of sim-
ilar investigation carried out for the Caucasian earthquakes

Table 1. Continued.

N year mnth data h M ϕ λ

22 1976 3 25 11 5 41 42.8

23 1976 7 27 18 5 40.1 48.6

24 1976 7 28 20 6.2 43.2 45.6

25 1977 9 30 16 5.4 40.1 45

26 1977 12 15 15 5 43.2 45

27 1978 1 2 6 5.3 41.4 44.1

28 1978 5 26 13 5.3 41.6 46.0

29 1980 5 4 18 6.2 37.8 49.1

30 1981 10 18 5 5.4 43.3 45.4

31 1983 10 30 4 6.8 40 41.6

32 1984 3 4 10 5.2 42.9 45.5

33 1984 9 18 13 5.1 40.9 42.1

34 1985 7 4 5 5.1 42 45.6

35 1986 3 6 0 6.1 40.1 51.6

36 1986 5 13 8 5.6 41.4 43.7

37 1988 12 7 7 6.9 40.9 44.2

38 1989 8 3 7 5 43.5 45.2

39 1989 9 16 2 6.3 40.3 51.6

40 1990 12 16 15 5.1 41.3 43.8

41 1991 4 29 9 6.9 42.4 43.7

(Kachakhidze., 2000) enabled us to consider 11-day precur-
sory window (the 11-th day is the day of earthquake occur-
rence).

3 Data analysis

General consideration of EFPG data in connection of occur-
rence moment of the Caucasian earthquakes shows anoma-
lous changes of EFPG values in quite large limits; though,
we can not consider them as anomalies disturbances caused
by only one factor (by earthquake preparation process) – we
should take into account all factors which may affect atmo-
spheric EFPG value.

Knowing the nature of atmosphere’s electric field, we
should pay attention to its seasonal background values first
of all.

All data of potential gradient were classified according
to months and average quantity of background value of
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Table 2. Seasonal background of the atmospheric EFPG (V/m) for Dusheti observatory.

month X − σ X + σ X − 2σ X + 2σ X − 3σ X + 3σ

1 −0.40098 25.01023 −12.9745 37.67179 −25.636 50.33336

2 −3.58406 23.78167 −17.2669 37.46453 −30.9498 51.1474

3 −3.12577 20.0413 −14.0526 31.17118 −24.9795 42.30106

4 −11.2838 23.43706 −28.4034 40.65468 −45.523 57.87229

5 −27.273 42.20281 −62.011 76.94074 −96.7489 111.6787

6 −15.1669 26.48896 −35.457 46.71078 −55.7471 66.93259

7 −18.1554 27.65535 −41.0607 50.56071 −63.9661 73.46606

8 −15.2063 26.09792 −35.8584 46.75003 −56.5106 67.40215

9 −4.46336 17.57884 −15.4845 28.59993 −26.5056 39.62103

10 −1.93289 14.45555 −9.54261 21.79281 −17.1523 29.13008

11 −3.235 20.09864 −14.9018 31.76546 −26.5686 43.43228

12 −0.07877 22.67574 −11.3591 33.76237 −22.6395 45.04275

atmospheric electric field potential gradient was calculated
for each month

s2
=

∑
ωi[(xi )

2
− (x)2

] σ =

√
s2 (1)

wherexi is average quantity of potential gradient according
a month,ωi is relative frequency ofxi data, s andσ are dis-
persion and deviation correspondingly.

Table 2 gives EFPG seasonal background values according
months. In the second stage we have calculated the following
quantities:x±σ , x±2σ andx±3σ for 11–day EFPG data
in connection with occurrence moments of all considered 41
earthquakes. It is known thatx±3σ requirement is stringent
– it excludes all “randomness”.

By cutting x±σ quantity off EFPG values we received
change of anomalies from (−281.7) V/m to 242.3 V/m (in
all cases of 41 earthquakes). More stringent requirement
(cutting off x±2σ) gives us limits of EFPG changes from
(−247) V/m to 219.4 V/m (in case of 40 earthquakes) and in
conditions of third requirement (cutting offx±3σ quantity)
the rest of anomalies change from (−212.3) V/m to 196.5
V/m (in case of 36 earthquakes).

Anomalies, which are received by cutting offx±σ , x±2σ

andx±3σ quantities, are named as “usual” anomalies of I, II
and III types correspondingly.

4 Discussion

The problem of meteorological parameters’ influence upon
EFPG quantities appeared after the above mentioned analy-
sis.
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fig. 1. Distribution of atmospheric EFPG for 4 normal weather days (1987 07.07 - 
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fig. 3. Distribution of atmospheric EFPG by hours for bad weather days with 1957 
02.07 earthquake occurrance moment (triangle – moment of the earthquake 
occurrence, by horizontal axis – time before earthquake occurrance in hours, by 
vertical axis – atmospheric EFPG in V/m) 
 

Fig. 1. Distribution of atmospheric EFPG for 4 normal weather
days (7 July 1987–11 July 1987).

It is known that average annual quantity of atmospheric
EFPG for Dusheti observatory is about 84 V/m in normal day
conditions (low clouds amount is not more than 4, wind ve-
locity is 4 m/sec or less, and there are no precipitations, thun-
ders and lightings).

Figure 1 shows EFPG distribution according to hours dur-
ing four normal days (7 July 1987–11 July 1987).

(Real quantities of EFPG are reduced to one-tenth in fig-
ures).

Unfortunately it was found out that normal weather days
coincide with earthquake precursor periods, which were con-
sidered by us, very seldom.

Meteorological parameters can change quantities of atmo-
spheric EFPG considerably.

Figure 2 shows EFPG distribution according to hours in
bad weather conditions (four days from 22 October 1987
to 26 October 1987). In these concrete days average low
and CB clouds, average wind, average precipitation, aver-
age temperature, average relative and absolute humidity were
registered.
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Table 3. Three groups of the meteorological parameters.

cloud (low tier & CB) (ball) wind (m/sec)

1. low K<3 1. weak K<5

2. average 3≤K<5 2. moderate 5≤k<15

3. high K≥5 3. strong K≥15

precipitation (mm) air temperature (C0)

1. weak O.1≤K<1 1. low −14≤K<0

2. moderate 1≤K<5 2. average 0≤K<25

3. strong K≥5 3. high K≥25

relative moisture (%) absolute moisture (mlbr)

1. low 0≤K<40 1. low 0≤K<5

2. average 40≤K<70 2. average 5≤K<15

3. high K≥70 3. high K≥15
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fig. 3. Distribution of atmospheric EFPG by hours for bad weather days with 1957 
02.07 earthquake occurrance moment (triangle – moment of the earthquake 
occurrence, by horizontal axis – time before earthquake occurrance in hours, by 
vertical axis – atmospheric EFPG in V/m) 
 

Fig. 2. Distribution of atmospheric EFPG for 4 bad weather days
(22 October 1987 to 1 26 October 1987).
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fig. 3. Distribution of atmospheric EFPG by hours for bad weather days with 1957 
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vertical axis – atmospheric EFPG in V/m) 
 

Fig. 3. Distribution of atmospheric EFPG by hours for bad weather
days with 2 July 1957 earthquake occurrance moment (triangle –
moment of the earthquake occurrence, by horizontal axis – time be-
fore earthquake occurrance in hours, by vertical axis – atmospheric
EFPG in V/m).

Figure 3 and Fig. 4 give examples of EFPG distribu-
tions by hours in connection of 2 July 1957 (M=6.5) and 16
December 1990 (M=5.1) earthquakes occurrence moments
mainly in bad and normal weather days correspondingly.

We should note that in the precursors revealing process it
is no good to estimate influence of only one meteorologi-
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fig. 4. Distribution of atmospheric EFPG by hours for normal weather days with 
1990 12.16 earthquake occurrance moment 

 

fig. 5. Atmospheric EFPG  III kind  “clear” anomaly with respect to  1957 02.07 

earthquake occurrance moment 

 

fig. 6.  Atmospheric EFPG  III kind  “clear” anomaly with respect to 1990 12.16 
earthquake occurrance moment 
 

Fig. 4. Distribution of atmospheric EFPG by hours for normal
weather days with 16 December 1990 earthquake occurrance mo-
ment.
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fig. 6.  Atmospheric EFPG  III kind  “clear” anomaly with respect to 1990 12.16 
earthquake occurrance moment 
 

Fig. 5. Atmospheric EFPG III kind “clear” anomaly with respect to
2 July 1957 earthquake occurrance moment.

cal parameter upon EFPG because all parameters have inter
overlapping property. So we had to consider the problem for
real weather combinations.

In order to identify “clear” anomalies connected with
earthquakes, we have considered 7 basic meteorological pa-
rameters: 1. low clouds, 2. CB clouds, 3. precipitations,
4. wind, 5. air temperature, 6. relative humidity and 7.
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Fig. 6. Atmospheric EFPG III kind “clear” anomaly with respect to
16 December 1990 earthquake occurrance moment.
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fig. 7. Distribution of  EFPG anomalies with respect to their durations 
 

 
fig. 8.  Distribution of  EFPG anomalies with respect to earthquakes  magnitude 
 

 

fig. 9.   Distribution of  EFPG anomalies with respect to the epicentral distance 
(from Dusheti) 
 

Fig. 7. Distribution of EFPG anomalies with respect to their dura-
tions.

absolute humidity. Besides these parameters we have con-
sidered cases of thunders and lightings.

In order to exclude inter overlapping influence of me-
teorological parameters we have performed the following
analysis for EFPG quantities:first of all we have paid at-
tention to cases of thunders and lightings and estimated
corresponding atmospheric EFPG. We have established that
EFPG corresponding quantities vary between (−2500) V/m
and 3000 V/m limits for Dusheti observatory.

All disturbances of atmospheric EFPG, which were pro-
voked by thunders and lightings, were disregarded.

On the next stage we have made attempts to estimate
EFPG anomalous disturbances which were caused by above
mentioned 7 basic meteorological parameters. Each mete-
orological parameter was divided into three groups: high
(strong), average (moderate) and low (weak).

So we have received 21 “sorted out” meteorological pa-
rameters instead of 7 (Table 3).

On the basis of new 21 meteorological parameters we have
created so-called “weather combinations” in the following
way: in case of fixed quantity of one meteorological pa-
rameter (for example, weak wind) we have considered such
weather combination when all other meteorological parame-
ters are strong or high.

On the next stage, in case of the same value of the same pa-
rameter (weak wind), we have considered new weather com-
bination, when the rest of parameters, except one (for ex-
ample, precipitation) are high or strong, but precipitation is
moderate.
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fig. 7. Distribution of  EFPG anomalies with respect to their durations 
 

 
fig. 8.  Distribution of  EFPG anomalies with respect to earthquakes  magnitude 
 

 

fig. 9.   Distribution of  EFPG anomalies with respect to the epicentral distance 
(from Dusheti) 
 

Fig. 8. Distribution of EFPG anomalies with respect to earthquakes
magnitude.
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Fig. 9. Distribution of EFPG anomalies with respect to the epicen-
tral distance (from Dusheti).

As a result we have received

n!

k!(n − k)!
= 2187

combination where none of possible variants is omitted.
Creation of so-called weather combinations enabled us to

estimate corresponding average quantities of EFPG and only
then we have returned to previously identified by us “usual”
anomalies of I, II and III type and filtrated anomalies.

Namely, values of I, II and III type “usual” anomalies were
compared with corresponding EFPG quantities of weather
combinations of the same period.

Due to such filtration we have received new anomaly of I
type (40 earthquakes) which changes from (−183.1) V/m to
234.3 V/m.

In the same way we have received new anomalies of II type
(32 earthquakes) and III type (29 earthquakes) with anoma-
lous changes of EFPG from (−166) V/m to 211.4 V/m and
from (−148.9) V/m to 188.5 V/m correspondingly.

Anomalies of I, II and III type, which were received by
filtration, are named as “clear” anomalies of I, II and III type.

Figures 5 and 6 show examples of “clear“ anomalies of III
type with respect to occurrence moments of above mentioned
2 July 1957 year and 16 December 1990 earthquakes.

Duration of III type “clear” anomalies vary from 40 to
90 min. We have tried to reveal correlation between EFPG
anomalies and their durations (Fig. 7), precursor time dis-
tributions (as III type “clear” anomalies function) and earth-
quake magnitudes (Fig. 8), precursor time and epicentral dis-
tances (from Dusheti Observatory) (Fig. 9).

Just like other authors (Smirnov, 2008), we have not re-
vealed any interesting relations for Caucasian region.
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5 Conclusions

To our opinion all classes of “clear” anomalies are impor-
tant, but “clear” anomaly of III type is the most significant
because all randomness and disturbances due to weather ef-
fect were excluded while its revealing. “clear” anomalies are
spread in 11-day period with respect to earthquake occur-
rence moments, but in many cases they manifest themselves
in 4 days period. Quantity of III type “clear” anomaly varies
from (−148.9) V/m to 188.5 V/m.

According to the above said “clear” anomaly of III type
is recognized as earthquake precursor. This precursor is
revealed in 29 cases (71%) out of 41 discussed earthquakes
of the Caucasus.
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