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Abstract

Atmospheric electricity measurements are performed all over the
globe for getting a better understanding of the processes and phenomena
operating in the Earth’s electric atmosphere, ionosphere and magneto-
sphere. Over recent years, we have established coordinated observations
of atmospheric electricity, mainly of the vertical component of the
Earth’s atmospheric electric field, from Polish observation stations:
Stanistaw Kalinowski Geophysical Observatory in Swider, Poland,
Stanistaw Siedlecki Polar Station in Hornsund, Svalbard, Norway, and,
for the first time, the Henryk Arctowski Antarctic Station in King George
Island. The organisation of this network is presented here as well as a
preliminary summary of geophysical conditions at Arctowski, important
from the point of view of atmospheric electricity observations. In particu-
lar, we refer to the geomagnetic observations made at Arctowski station
in 1978-1995. We also present the average fair-weather diurnal variation
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of the atmospheric electric field based on observations made so far
between 2013 and 2015.

Key words: atmospheric electricity, observation network, Arctowski
Antarctic Station, geomagnetic activity, fair weather conditions.

1. INTRODUCTION

Polar regions, the Arctic and the Antarctic, have unique locations near the
geographic and geomagnetic poles and due to the characteristics of their at-
mosphere and climate have become an important platform for atmospheric
and solar-terrestrial studies (Lessard et al. 2014). International scientific
events such as International Polar Years, especially the first in 1882/1883
and second in 1932/1933, and the International Geophysical Year (IGY) in
1957/58 had large influence on the development of research activities in
these regions by many countries, explorers and scientists. The solar-
terrestrial research activities in Arctowski Antarctic Station, which was open
in 1977 (Rakusa-Suszczewski 1977, 1980) and named after Henryk Arc-
towski, the geoscientist in the Belgian Antarctic Expedition on “Belgica”
ship in 1897-1899 (Machowski 1998a, b), started with geomagnetic field ob-
servations. The magnetic observation station was established at Arctowski
station during the 2nd Antarctic Expedition of Polish Academy of Sciences
in 1977-1978. The construction of two magnetic pavilions began in Decem-
ber 1977 and observations started in March 1978 (Szymanski 1980). The
magnetic observations have been stopped at Arctowski in 1995.

Atmospheric electricity (AE) observations in Antarctic started around the
time of IGY and since then have always been part of the Antarctic scientific
programme. Measurements have been made at Roi Baudoin Base, South
Pole station (Cobb 1976, Bering et al. 1991, Reddell et al. 2004), Vostok
(Park 1976a, Frank-Kamenetsky et al. 1999, 2001), Davis (Burns ef al. 1995,
Tinsley et al. 1998), and Maitri (e.g., Deshpande and Kamra 2001).

2. ATMOSPHERIC ELECTRICITY OBSERVATIONS RUN BY IG PAS

The Institute of Geophysics, PAS (IG PAS) and the Stanistaw Kalinowski
Geophysical Observatory in Swider have long traditions in the observations
of atmospheric electricity. Electric field measurements were made at the
Magnetic Observatory in Swider, Poland (21.25°E, 52.12°N, geomagnetic
latitude ~50.5°N) as early as the 1920s. As none of the pre-World War II
data survived, the existing series of electric field measurements at Swider
starts in 1958 (Dziembowska 2009). Nowadays, the observatory uses a wide
spectrum of experimental techniques and equipment for comprehensive me-
teorological, aerosol and atmospheric electricity observations (e.g., Kubicki
et al. 2003, 2007, 2016). The atmospheric electricity measurements include:
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the vertical component of the ground-level DC electric field using a radioac-
tive collector and field mill method, vertical component of the density of the
DC electric current (the air-Earth current) by a Wilson antenna and positive
and negative air conductivity in the range of mobility of small ions, meas-
ured by a Gerdien condenser. At the Stanistaw Siedlecki Polish Polar Station
in Hornsund, Spitsbergen, Norway (15.50°E, 77.00°N, geomagnetic latitude
~73.9°N) atmospheric electricity observations started in 1989. They include
measurements of the vertical component of the DC electric field and, spo-
radically, the DC electric current density. The electric field is measured by a
rotating dipole field-mill (Berlinski ef al. 2007) and, independently, using a
radioactive collector method. Alongside the atmospheric electricity meas-
urements, meteorological observations are also performed automatically or
by traditional methods both at Swider and Hornsund.

Land observation stations, such as Swider, especially in highly-populated
areas, often suffer from high and variable pollution (aerosol), the effects of
which shift the local electric field from its global diurnal pattern. The air tur-
bulence which drives atmospheric convection current also affects the electric
field (the most at local mid-day) and makes the global atmospheric electrici-
ty monitoring more difficult (Kubicki ez al. 2014). On the other hand, in the
polar regions, especially in the broad vicinity of geomagnetic poles, the
ground-level atmospheric electric field is affected by the ionospheric con-
vection which results from the interaction of solar wind and the magneto-
sphere (Dungey 1961, Park 1976b). Atmospheric observations at Hornsund,
owing to its location, have been primarily set to investigate such effects, in
addition to the geomagnetic observations performed there continuously since
the 1980s (Michnowski 1998, Michnowski et al. 1991, 1996, 2003, 2007,
Kleimenova et al. 2010, 2011, 2012, 2013; Kozyreva ef al. 2007; Odzimek
et al. 2011; Frank-Kamenetskii et al. 2012).

Henryk Arctowski Polish Antarctic station, King George Island, South
Shetland Islands (58.47°W, 62.16°S, geomagnetic latitude ~51°S), where
atmospheric electricity measurements have not been made so far, offered an
interesting possibility of investigating the DC electric field in the polar loca-
tion which is not affected by anthropogenic aerosol and strong effects of at-
mospheric turbulence and which is sufficiently distant from the effects of
ionospheric convection in the Southern Hemisphere — a valuable location for
the monitoring the main (tropospheric) generator of atmospheric electricity.
The advantage of this site, apart from its location in the Antarctic, was that
meteorological observations have been performed there, and, besides, the
level of magnetospheric disturbances could be estimated using the geomag-
netic observations made at the station in the 1970-1990s.

In December 2011 we started a two-year research project set to measure
and investigate diurnal variations of the atmospheric electric field and aero-
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sol at ground-level in the spatial scale extending from middle latitudes in
central Europe to the Arctic and Antarctic (Swider, Hornsund, and
Arctowski stations). Besides the scientific goals, our motivation for the un-
dertaking of this project was to improve the observational capacity of the
Polish observatories and to systematise and standardise the atmospheric elec-
tricity observations, starting with strengthening and extending the existing
observations and transforming it into a professional scientific observational
network. The created network is described in the following section.

3. POLISH ATMOSPHERIC ELECTRICITY OBSERVATION
NETWORK

A three-site, internet-linked network of atmospheric electricity observatories
has been set up, which includes the Polish Polar Station in Hornsund (HRN)
in the Arctic, Arctowski Station in the Antarctic (ARC), and the Swider
Geophysical Observatory (SWI) in central Poland — Fig. 1a.

The instruments at each station include:

— A system for measurements of the electric field strength near ground
level. In addition to the older radioactive collector type sensors at Swider
and Hornsund, new sensors have been installed. They are rotating-dipole
type sensors of frequency bandwidth from 0 to 10 Hz, and sensitivity of
2 V/m, amplitude range of £1500, £6000 V/m and output voltage £3.5 V.
The system requires 12 V buffer power supply (Berlinski et al. 2007). Sen-
sors are calibrated in a laboratory using a high-voltage power supply, and
once a month it is short-circuit at the measurement site is in order to control
the reference level.
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Fig. 1: (a) World map with the locations of observation stations of the Polish atmos-
pheric electricity network: HRN — Hornsund, SWI — Swider, ARC — Arctowski;
(b) Schematic diagram of the organisation of the atmospheric electricity observation
network and observational data flow. Left side: organization of a single station.
Right side: three-station network (HRN, SWI, ARC).
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— A data logger (NDL) with a GPS clock for the precise timing and syn-
chronisation of the measurements in the three observation sites. The sam-
pling frequency can be changed within the range from 0.1 to 10 s; at present
itis at 1 s. Data are recorded on a 32 GB flash memory card. The logger has
a unique [P address, allowing communication and control via internet and
data download as well as current data visualisation. The data logger and
buffer power supply are installed in a portable container (0.5 m x 1.0 m X
0.6 m dimensions) which makes the installation and field measurements eas-
ier (Figs. 1b and 3).

— In addition, for the purpose of the project, portable sensors for the
measurements of aerosol concentration for aerosol size from 10 nm to 1 um
have been used at Hornsund and Arctowski where the aerosol concentration
measurements have been made for the first time. For the aerosol concentra-
tion measurements at Arctowski, the TSI 8525 model aerosol counter has
been used, which measures particles of the size range from 20 nm to 1 um
(Kubicki et al. 2016).

A dedicated software package has been designed and created for the data
upload from the three observation sites to a database on a server at IG PAS.
The software enables visualisation of atmospheric electricity measurements
taken at the three sites. The design of the database allows incorporating data
from new observation sites. The schematic diagram of the network is shown
in Fig. 1b.

4. ATMOSPHERIC AND GEOPHYSICAL CONDITIONS AT
ARCTOWSKI STATION

4.1 Fair-weather conditions

Weather is an important factor that affects atmospheric electricity and has to
be taken into account when analysing electric field data. The fair weather
conditions used in our analysis mean there is no rain, drizzle, snow, hail, fog,
no local or distant thunderstorms, the lower cloudiness is less than 4/8 (8/8 is
overcast), and the wind velocity is less than 6 m/s. Below we summarise the
main characteristics of weather conditions at Arctowski during the atmos-
pheric electricity observation period and we present the analysis of the num-
ber of days with fair-weather conditions at the station.

The number of fair-weather days at Arctowski is small, on average 3.4
days per month. In 2013 the number of fair-weather days was 32, and 60
fair-weather days occurred in 2015. Over 2014 only 12 fair-weather days are
registered but standard meteorological measurements have been made only
during half of the year. Most fair-weather days occur in the local (Southern
Hemisphere) winter season. This coincides with the time of the maximum
thunderstorm activity in the Northern Hemisphere, and may be important for
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the analysis of the global (universal) signal in the electric field, since the sta-
tion is more distant from the activity than the Swider and Hornsund stations
are. A small number of days with little cloud cover was discussed in articles
by Cygan (1981): in the period 1979/1980 (December 1979 — 17 March
1980) there was no cloudless days (cloudiness <1/8). There was only one
day with cloudiness of 2/8 (2 in okta scale 0-8). The cloudiness on most days
(i.e., 60 days) was 6/8-8/8. According to Angiel et al. (2010), in 2006 (Janu-
ary-December) there was no clear sky days, and 11 days with cloudiness less
than 2/8. Low clouds are the dominant cloud types, mostly with stratocumu-
lus and stratus. Measurements during the cloudy days can be used for the
studies of the cloud generator in the global circuit (Odzimek et al. 2014).

4.2 Aerosol conditions

An analysis of aerosol concentrations at Arctowski station is described in de-
tail in Kubicki ef al. (2016). The main and important conclusion concerning
Arctowski is that natural aerosol concentrations (on most days below
1000 cm ™, average fair-weather median value 535 cm ™) do not have effects
on the ground-level electric field, the same as in Hornsund, and contrary to
Swider (where the effect of anthropogenic acrosol on the electric field takes
place — see Kubicki ef al. (2016).

4.3 Geomagnetic activity

In this section we present the results of comparison of the level of magnetic
activity at Hornsund, Arctowski, and Belsk — another observatory of IG
PAS. We assume that the activity at Swider is close to that at Belsk (BEL —
20.80° E, 51.83° N, geomagnetic latitude ~50.4°N) since the stations are at
the distance of 50 km. The magnetic latitude of Arctowski is close to the
magnetic latitude of Belsk and Swider, where the influence of magneto-
spheric generator in the ground-based electric field is usually absent. Some
effects can be present during geomagnetic storms (Nikiforova et al. 2005,
Kleimenova et al. 2008, 2009, 2013; Michnowski et al. 2014) and therefore
we estimate the possible level of this disturbance at ARC by comparing ge-
omagnetic activity levels at the three sites.

The magnetic activity at Arctowski was measured over the period of
April 1978 to December 1995. Szymanski et al. (1980) describe the setup of
the magnetic observations at the station. We use available geomagnetic data
from the three stations over that period, published in Publications of the In-
stitute of Geophysics Polish Academy of Sciences, Series C — “Geomag-
netism” in the tables “Three-hour-range indices K and magnetic character
figures C”. The indices have been calculated as described in
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Fig. 2. Comparison of the geomagnetic activity at HRN, BEL, and ARC stations,
based on the magnetic character figure C = 0 (weak), 1 (medium), 2 (strong). Left
panels: Average variation of percentage of days characterized by C =0, 1, 2 during a
year. Right panels: percentage of days characterized by C = 0, 1, 2 over the period of
magnetic observations at ARC (1979-1995). Month averages are based on 1981-
1995 data.

Nowozynski ef al. (1991). We perform simple comparison of the geomag-
netic activity in terms of the magnetic character figure C (Fig. 2). We look at
the average geomagnetic activity during a year (in each month), and the
magnetic activity in each year of the considered period. A seasonal variation
in the magnetic activity is always expected but the average levels are differ-
ent.

In Arctowski the magnetic activity is overall comparable to Belsk sta-
tion, although the Belsk station suffers from local artificial disturbance
caused by railway which affects the number of magnetically quiet days
(Neska et al. 2013). There is a small difference in the percentage of magneti-
cally quiet days (C = 0), i.e., 45% at ARC versus 42% at BEL, and the per-
centage of strongly disturbed days is slightly greater, 8% at ARC versus 7%
at BEL). On the other hand, Hornsund (magnetic latitude ~73.8 S) is most
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magnetically disturbed, with only 30% of magnetically quiet days and 15%
of highly disturbed days. In historical reports we have not found evidence of
aurora sightings directly from Arctowski; however, such events cannot be
excluded. By private communications (Julita Biszczuk-Jakubowska and the
station crew taking care of AE observations) we have established that, at
least by eye, the aurora has not been observed in 2006 and between 2011 and
2015, but it is only from 2013 that the crew has been alerted to notify about
such events if they were able to see the aurora. We conclude that the magnet-
ic activity at Arctowski station is comparable to that of Swider, but
Arctowski is more suitable for monitoring the global atmospheric electric
circuit — GEC (Rycroft er al. 2000) than Swider, because, as opposed to
Swider, the effects of acrosol and atmospheric turbulence at ARC can be ne-
glected, as demonstrated by Kubicki et al. (2016). On the other hand, the
weather conditions are not very favourable and the atmospheric electricity
fair-weather criteria are rarely met. Nevertheless, Arctowski station can pro-
vide valuable recordings of fair-weather electric field for comparison with
Swider observations, as presented in Section 5.

4.4 Radioactivity

According to geological research (Birkenmajer 1980) the South Shetland is-
lands are of volcanic origin and therefore may contain radioactive elements
that cause increased ground-level air ionisation. This may affect the meas-
ured electric field due to the formation of the so-called electrode layer. The
present electric field measurements show that there is no effect of the elec-
trode layer on the electric field; however, professional measurements of the
radioactivity of the soil are planned in future.

5. ATMOSPHERIC ELECTRIC FIELD AT ARCTOWSKI STATION

Atmospheric electricity observations, i.e., of the atmospheric electric field
have been performed at Arctowski Station for the first time. Figure 3 shows
the electric field sensor and the container containing the data logger and
power supply installed there in December 2012. Figure 4 shows the sensor’s
location, added to the schematic map of the station infrastructure from the
paper on magnetic observations by Szymanski (1980).

The electric field at the ground level is the superposition of electrical ef-
fects of global (main generators of the GEC) and local origin (meteorologi-
cal phenomena, natural and anthropogenic aerosols) (Bennett and Harrison
2007). In Fig. 5 we present examples of electric field variations at Arctowski
station in different weather conditions. In this paper we use the convention
that the downward directed is positive — this is the direction the atmospheric
electric field in fair-weather (atmospheric electricity convention) —
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Fig. 3. Photographs of the electric field sensor and data acquisition system at
Arctowski station, installed there in December 2012. Photography by Sylwia
Lukawska.
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Situation of geophysical laboratory and magnetic pavilions in Polish Antarctic Station
Arctowski
| — Biological laboratory, 2 — Meteorology — laboratory, 3 — Living house, 4 — Power station,
5 — Magazines, 6 — Summer laboratories, 7 — Geophysical laboratory, 8 — Magnetic pavillions,
9 — Geodethic pillar, M — Azimuth mark
10 - Electric field sensor

Fig. 4. Schematic plan of the Arctowski station with added location of the electric
field sensor (10 — blue point on the map). Adapted from Szymanski (1980, Fig. 1).



POLISH ATMOSPHERIC ELECTRICITY OBSERVATION NETWORK

2639

25.01.2015 26.05.2015 06.07.2015
1000
1800 fair weather 1800 fair weather fair weather
— 1400 1400 600
'e
> 1000 1000
o
600 600 200
200 200
)
a o]
00 04 08 12 16 20 24 00 04 08 12 186 20 24 O 04 08 12 16 20 24
Time UT
21.02.2015 24032015 25.03.2015
8000 600
4000
strong wind
6000 strong wind strong wind
3000 400
' 4000 2000
> 200
"
W' ooo0 1000
o
Q
o
-1000 -1000 -200
00 04 08 12 16 20 24 o 04 08 12 18 20 24 00 04 08 12 16 20 24
Time UT
22122014 15.01.2015 13.03.2015
3000 4000 4000
hight pressure decrease drifting Snow snow
2000 2000
. 2000
e
< 1000 Q
w o
0 -2000
-1000 -2000 -4000
00 04 08 12 16 20 00 04 o8 12 18 20 24 00 04 08 12 16 20 24

Time UT

Fig. 5. Examples of diurnal variations of the ground-level electric field £z measured
at Arctowski station in 2013-2015. Values shown are not reduced to their ground-
level values.

physically the values we show are equivalent to the values of the vertical at-
mospheric electric potential gradient (physics sign convention). The criterion
of fair weather allows to select data with minimal local effects (Fig. 5, upper
row). Strong winds can cause transportation of space charge accumulated in
the surface layer associated with the effect of electrode layer and subse-
quently a change in the electric field (Fig. 5, middle row). During rain or
snow, the wind can cause the turbulence mixing of precipitation particles on
which electric charge can be stored and this may result in positive or nega-
tive spikes in the measured field. The effect of low clouds, precipitation or
fog may appear in the variation of the vertical electric field as mild or sud-
den change of the sign or amplitude or a pulse in the atmospheric electric
field (Fig. 5, bottom row).
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5.1 Diurnal fair-weather electric field variations

In atmospheric electricity of great interest are diurnal variations of the elec-
tric field or electric current density in the conditions of fair weather. They
are usually compared to the Carnegie curve which is the historical, average
diurnal variation of the fair-weather atmospheric electric field derived from
ocean measurements (Parkinson and Torreson 1931), and in the view of the
global atmospheric circuit hypothesis (Wilson 1920) reflects the diurnal
variation of electricity (from electrified clouds) in the atmosphere. It is be-
lieved that the average of the ocean measurements is free from factors which
usually affect the field, depending on where it is measured and at what time,
such as atmospheric convection, effect of aerosols, additional regional and
local current generators. From this point of view the local conditions at Arc-
towski are moderate — the site is far from world thunderstorm activity cen-
ters and far from the normal range of the magnetospheric generator (as
discussed in Section 4), atmospheric convection can sometimes occur there
in the summer, for example on days with high difference of temperature be-
tween the ground and air — the temperatures at Arctowski station have been
investigated by e.g. Kejna (1999), Kejna and Laska (1999), and more re-
cently by Arazny et al. (2013).

Below we present an updated diurnal variation of the fair-weather elec-
tric field at Arctowski station. The new curve has been calculated on the ba-
sis of whole day diurnal variation of the electric field (00-24 UT) from 38
selected days of fair weather, from the three years of observations between
2013 and 2015, i.e., from the beginning of the electric field measurements
(Table 1). We show the diurnal variation of hourly average mean (Fig. 6a)
and medians (Fig. 6b) and the Carnegie curve (Fig. 6¢) for comparison (val-
ues taken from Isrdel 1970). The errors displayed in Fig. 6a are the standard
deviations, in Fig. 6b — the interquartile range determined by the first quar-
tile from the bottom and the third quartile from the top. The difference be-
tween the third quartile and the median is usually larger than the difference
between the median and first quartile which means that there are more val-
ues higher than the median value. This is not true particularly for 10 UT
when lower values of the electric field occur more often at this hour — this is
reflected in the mean average curve. Both curves have maximum at 19-
20 UT which usually corresponds with the maximum activity of the Ameri-
can thunderstorm centre. The correlation coefficient of the mean curve with
the Carnegie curve is 0.75, and of the median curve it is 0.61. Compared
with the Carnegie curve the deviation of the curve’s maximum from the av-
erage value of the curve (300 V/m — this value is not reduced to the value at
ground level) is 14.2%, while for the Carnegie curve it is 40%. The average
mean curve has a minimum between 10 and 13 UT, the median curve has a
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Fig. 6. Diurnal variation of the fair-weather atmospheric electric field E, at
Arctowski station based on measurements from 2013-2015. Values shown are not
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mospheric electricity sign convention. (a) Average mean curve with error bars as
standard deviation, (b) Median curve and the quartile bar errors, (c) The Carnegie
curve (Isrdel 1970).
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Table 1

Analysis of atmospheric electricity fair-weather conditions at Arctowski station over
the observation period from December 2013 to December 2015. The number of days
fulfilling the criteria of fair weather (for at least half of the day) is given in the first
column, days with high cloudiness (6-8), snow and strong wind — in the second,
third, and fourth column, respectively.

. . Snow, Strong wind
Month wge?tl}ier Cl(g{(é}rgless drifting diurnal mean
snow >10 m/s
Jan 2013 2 27 2 2
Feb 2013 3 24 - 3
Mar 2013 4 20 - 4
Apr 2013 2 25 - 8
May 2013 2 28 - 2
Jun 2013 4 20 - 5
Jul 2013 3 25 3 3
Aug 2013 4 24 1 5
Sep 2013 3 26 5 2
Oct 2013 2 27 - 2
Nov 2013 2 28 - No data
Dec 2013 1 25 - 1
2013 Total 32
Jan 2014 1 28 - 1
Feb 2014 0 26 - 1
Mar 2014 1 30 - No data
Apr 2014 4 24 - 5
May 2014 2 13 - 3
Jun 2014 No data No data No data 3
Jul 2014 No data No data No data 7
Aug 2014 No data No data No data 3
Sep 2014 No data No data No data 2
Oct 2014 No data No data No data No data
Nov 2014 2 13 - 2
Dec 2014 2 18 1 No data
2014 Total 12
Jan 2015 2 20 3 2
Feb 2015 3 23 4 4
Mar 2015 5 15 7 6

to be continued
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Table 1 (continuation)

. . Snow, Strong wind
Month w::tllier Clogﬁ;gess drifting diurnal mean
Snow >10 m/s
Apr 2015 3 21 2 1
May 2015 4 26 4 -
Jun 2015 5 22 2 -
Jul 2015 12 19 2 -
Aug 2015 9 18 - -
Sep 2015 3 23 - -
Oct 2015 4 20 - -
Nov 2015 6 No data No data No data
Dec 2015 4 13 No data No data
2015 Total 60
May 2013 2 28 - 2

minimum between 07 and 09 UT while the minimum of the Carnegie is at 03
UT. When compared with the diurnal variation from Swider (Kubicki ef al.
2007) the Arctowski electric field curve has a minimum later than that of
Swider (03-04 UT), and also different from the minimum of the Carnegie
curve. At present it is difficult to judge whether this is because of local ef-
fects or global effects, which manifested themselves in this particular way.

6. SUMMARY AND CONCLUSION

Polish network of atmospheric electricity stations in three scientific observa-
tories at PAS stations: Stanislaw Kalinowski Geophysical Observatory in
Swider, Stanistaw Siedlecki Polar Station in Hornsund and Henryk Arc-
towski Antarctic Station has been set up. Data from the network observation
sites are organised in a database. The observation equipment is portable and
allows easy installation of atmospheric electricity observations at other loca-
tions in future, especially at other sites in polar regions.

The atmospheric electricity observation programme is important for at-
mospheric electricity research and atmospheric physicists, particularly con-
cerned with the Earth’s global atmospheric electric circuit as it provides
tools for the global circuit monitoring (Williams 2009). To considerable ex-
tent it can also be relevant in the studies of near-Earth environment and in
meteorological studies, as the GEC is coupled to extra-terrestrial influences
and has direct connections with the Earth’s weather. Polish Antarctic sta-
tions, the Arctowski, and the A.B. Dobrowolski station located closer to the
South Geomagnetic Pole, 100.75°E, 66.27°S (Gregorczuk 1980) and closed
at present, are situated in locations which provide interesting opportunities
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for the development of atmospheric and solar-terrestrial research. The varia-
tions of the atmospheric electric field at Arctowski during fair-weather is a
valuable addition to the monitoring of diurnal variations in the atmospheric
electric circuit and monitoring of its generators. Data from the network can
be used for global atmospheric electric circuit (GEC) studies and its diurnal,
seasonal and long-term variations, validation of GEC models such as
EGATEC (Odzimek et al. 2010), investigations of the electricity of clouds
(Odzimek et al. 2014) and disturbances in fair-weather atmospheric electric
field during events such as geomagnetic storms, Forbush decreases or solar
proton events on atmospheric electricity at ground level (e.g., Kleimenova et
al. 2009).
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