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Abstract — The temporal variations of the atmospheric
electric field potential gradient and the concentréon of light
ions before a thunderstorm are studied. The featu of the
behavior of the atmospheric electric field under vaous weather
events (snow, storm, rain) are obtained.
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l. INTRODUCTION

Long terrestrial atmospheric electrical monitorirgy an
important basis for both experimental and theoaéstudy of
electrodynamic processes in the surface layer. dumeent
network of ground stations for the atmospheric teldty
monitoring, operating in Russia, solves the probledn
collecting operating data on the electrical state tloe
atmosphere in order to provide information thabw to
monitor the changes in this status [Adzhiev, 20R&trova
2011; Erokhin, 1990].

Electrical characteristicef the surface layemay bean
indicator of anthropogenic impacbn the atmospheren
general.The variability ofthe electricalfield near theearth's
surfaceis associateavith the imposition ofocal perturbations
to the globalvariation of the electric field The generally
acceptedproof of the existencef the global atmospheric
electric field generatoris considered to bso-called unitary
variation which is asynchronouschange the valuesf the
electric fieldat all pointsof the globelt should be notethat
often the unitaryvariation detectionis a difficult taskin the
continentalareas.This is due tothe action ofthe electrode
effect near the surfacethe presence of locajeneratorsof
atmospheric currents spatial-temporalheterogenity ofthe
electricalconductivity and theolume chargeetc.

The reasons for the variations of the global coreporof
the electric field are: changing the ionospheresipiil wave
geophysical processes, the change in conductivity td the

action of cosmic raysthe global thunderstorm activity.

Thunderstorm activity is a powerful factor in thalue of the
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electric field potential gradient and the ionizatistate of the
atmosphereAdzhiev, 2004 The region of the North Caucasus
in summer season is characterized by intense thstode
activity. The local thunderstorms are observed &hh
temperature and high moisture content of the aéinin in the
afternoon hours in the summer months.

To solve the problems of allocation the electr&diglobal
variations on the background of local factors thgna points
appear to be interesting, as they allow to elingin#te
anthropogenic component in the formation of theosiphere
of electrodynamics and are characterized by a levell of
radioactivity of the surface layer as well [Kupotyk2003;
Vayushina, 1995].

II. METHODS

Currently the continuous recording ahe electricfield of
the atmospherés organizedat three stationsn the Elbrus
region

— alpine station Peak Chege(43°16'N, 42°30 'E3040 m),
locatedon the northern slopaf MountCheget

— researchstation of High-Mountain Geophysic#hstitute,
named«Kyzburun» , (43°40'N, 43°27'Z00 m above sea
level) is located40 kmwest ofNalchik;

— High-Mountain Geophysicalnstitute (43°29'N, 43°37'E;
500m above sea leveINalchik

The measurement procedure and the composition eof th

apparatus have been selected basing on their wor& fong
time without maintenance. Software of measuremgstem
enables measurements, transmission and visuatizaiticalues
of the electric field and the parameters of ligh¢ndischarges.
To register the electric field strength at all ofvedion points
the electric field meter EFM 550 (company Vaisalas used.

The measuring range of the stations Peak Cheget and

Kyzburun is equipped with modem device that allcie
transmission of data over a three-hour periodrensote server
situated in High-Mountain Geophysical Institute.



As each generated source txt-file contains eveoprad
data for a three-hour period, a special program dessgned
for processing and further analysis of the repodighors
(Certificate of state registratioNe2014661070, registered in
the Register of the computer programs of the Fé®Beavice
for Intellectual Property, Patents and Tradema@2/2014,
Russia).

The program generates a set of text files with the
extension database .xls. Each resulting file costaihe
following information: date and time of measuremettite
measured values of the electric fighbtential gradient (in
V/m), and the data averaged over 1 minute, 5 minui®
minutes, 15 minutes, 1 hour.

Measuring the concentration of light ions was earrout
with the help of the ions counter ("Sapphire-3MR).the same
time automatic registration of minute air tempemtuabsolute
and relative humidity, wind speed and directioresgure was
performed by means of the automatic weather st{fhaNS-
2000).

Due to the necessity of sorting the electric fiptential
gradient data for global and local component ao$efriteria
was allocated us for determining the unperturbedam
electrical respect the terms of the atmospheresd logiteria
are referred to terms of «fair weather» and corepisiumber
of requirements, including: the lack of rain, fdgizzards,
thunderstorms; the absence of strong mist, hazedafithg
snow; wind speed of 3 m/s; and no lower than 3 tsatioud
top.

Figure 1 shows the average daily variation of tleetdc
field potential gradient, obtained from the mountatation
Peak Cheget, Peak Terskol and Kyzburun for theoddrom
July 13 to August 15, 2012.
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Fig. 1. Thedaily average valuesf the atmospheric electric fielbtential
gradient in the period frorh3.07.12 to 15.08.12
(Peak Cheget (1), Peak Terskol (2) and Kyzburun (3)

It may be noted that in terms of fair weather» nesg
average daily variation of atmospheric electriddfi@are in
good agreement with the Carnegie curve, refledtiegdiurnal
variation.

Similarly when measuring the electric field weredaan
terms of «fair weather» in the polar regions thetaup
variation was obtained (data received from the cmur
http://geophys.aari.ru). Figure 2 shows the diuneiations

of ten minutes values of the potential gradientigalobtained
on a polar station Vostok (78°45'S, 106°87 'E; 3n0&bove
sea level) and alpine station Peak Cheget (dataived
15.01.2013).

These data in the figure 2
consistency change in the electric field potentighdient
values. Both stations satisfy the conditions of epstion
stations for background atmospheric electricity itaing
tasks: the concentration of small particulate nnadted low
levels of radioactivity mainland.
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Fig. 2. The diurnal variation of electric field thfe atmosphere received at
alpine (1) and polar station (2); 15.01.13

Outside the terms «fair weather» such weather ev&rth
as storm, intense rainfall caused significant cleanigp the
electric field. When snow and blizzards the highuga of the
electric field potential gradient (more than 500@nY are
observed, and the rain decreases values and clgaihgirsign
of the electric field.

Figure 3 shows examples of minute variations in the
electric field potential gradient per day duringreowfall with
strong winds (Figure 3a) and rain (Figure 3b), migtd by
measurements on the peak of mountain station Cldegetry
20 and May 26, 2013.
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Fig. 3. The daily change in the electric field loé mtmosphere in different
weather phenomena, received at Peak Chep20.01.2013, b) 26.05.2013

The observed variations in the structure of thetatefield
during a snowstorm are caused by strong -electifica
snowflakes. Values of the electric field potentghdient are
«cut off» from the top (Figure 3a), because thdaetoes not
allow to register values High: -10 kv/m, and chakge

show a good degree of



snowflakes can create a field strength of 20-30rkWVhen
heavy rains take place the variations of the atedield

potential gradient are caused by the fact thatgh&e&nomenon
is accompanied by ominous atmosphevith considerable
cloudiness

Table 1 shows the average values of the electdld fi
potential gradient under cloudy (9-10 points) ahoudless
weather for two seasons: winter (December-March)l an
summer (June-September) in 2013.

Table 1. Averagevalues V' (V/m) at Peak Cheget

summer
cloudiness

winter

cloudless
670

cloudiness cloudless

800 730

3450

In the ominous period when a strong electric figdd
observed, the structure of the electrode layer w@inin
determined by the gradient of the electric poténdifthe
atmosphere, which determines the behavior of
concentration of light ions, whereas the effect vedgather

conditions is minimal.

Based on the experimental data, we investigated the |

variations of the electric field potential gradiemntd the polar
small ion concentrations witch obtained in ominqesiod

when significant changes in the electric field tq&kce. When
there is an increase in the electric field gradiaities of the
potential order of magnitude (up to 2500 V/m) coricagtion of
negative ions decreases significantly. A similaluetion in the
concentration of positive ions is observed when ehextric
field changes sign. In cases of reversed polantg &igh

values of the atmospheric electric field (more tHEID0 V/m),
the concentrations of negative ions are reducedfiigntly.
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Fig. 4. Variations of the atmospheric electricdipbtential gradient (1) and
concentration of positive (2) and negative smaiki(3)

Figure 4 shows an example of minute variations
atmospheric electrical characteristics (concemtnatf polar
ions and electric field potential gradient) in tleeinous
atmosphere obtained at the alpine station Peakefheg

Coefficients mutual correlation potential gradiesft the
electric field and concentration of polar ions océdted to
Example 10, these measurements give sufficientijelaalues:
K(V*, n+)=0,60-0,90 andK(V", n.)=-0,50~0,85.

the

In the ominous atmosphere there is a significadticton
in the concentration of small ions of opposite sigmd a large
space charge is formed near surface even withght thange
in the electric field potential gradient (100-200vY. Figure 5
shows an example of such a change in atmospheritriehl
characteristics.
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Fig. 5. Variations of the atmospheric electricdiahd concentration of the
polar ions in the ominous atmosphere

IV. CONCLUSION

Thus, the revealed changes of the concentratiopslaf
ions together with the behavior of the electriddfiean be
considered as indicators of approaching thunderstor his is
especially valuable in mountain terrain where tligual or
other instrumental methods to monitor the atmosplean be
difficult.
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