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ABSTRACT : The ground-level vertical atmospheric electric fidld is affected by processes taking
place in the Earth’s atmosphere, ionosphere and magneiesgdh this work we present our further attempt
to check the synchronization of the signalsAn due to main generators operating in the Global Electric
Circuit (GEC) which create this electric field, from simulésus measurements at three distant locations:
Hornsund in the Arctic, Spitsbergen (0D 'N, 15°32E) - HRN, Arctowski station in the South Shet-
land Islands (6209'S, 5825W) - ARC, and mid-latitude Swider (near Warsaw) station,aRd| (5207'N,
21°14E) - SWI. We consider that apart from the cloud generatorctvis assumed to be responsible for
maintaining the field globally, magnetospheric effect&inare present at Hornsund. At Swider, as a mid-
latitude land station, th&, is also affected by local thermal convection generator. Weisd the diurnal
variation of &/, for selected days of fair-weather conditions and low adrosacentration simultaneously at
these two or three sites.

INTRODUCTION

In the GEC, the main operating generators are: the cloudrgmgthunderstorm and shower cloud),
the magnetospheric generator associated with magnetosfireospheric (M-1) plasma convection pro-
cesses and Birkeland currents (FACs). These generatorsheaiged its parameters, i.e. the amplitude of
the diurnal variation depending on geographic locationtamd. The magnetospheric generator dominates
in polar regionsTzur and Roble, 1986], and the cloud generator in the low latitude regidmese generators
are manifested in the near-surface electric field with different weights depending on the measurement
localization [e.g.Michnowski, 1998;Tindey and Heelis, 1993]. Statistic analysis of the electric current and
field in the magnetosphere, ionosphere and atmosphere raathfér existence of M-I coupling, especially
during periods of high geomagnetic activity. However, faftividual cases the electric coupling can be very
complicated. Thus it is necessary to take into account tis@&ipon of the measuring point with respect to
the generators and determine the course of daily globab#énstorm activity which can even differ signif-
icantly from the Carnegie curve. The horizontal electritdfimaps from the magnetosphere to ionosphere
downward, and affects total overhead ionospheric potiestichthen the ground-level electric field [e.qg.,
Tindey and Hedlis, 1993; Odzimek et al., 2011]. One can assume that on the basis of measurements at
several locations the daily variation of the main genegatar the globe can be identified. In this analysis
one should take into account the impact of local effectsyedtion and atmospheric turbulence especially
at land stations and surface aerosol concentrations im anothmid-latitudes region. The present paper dis-
cusses methods of determination of the daily variabilitpnein GEC generators and verification of obtained
results.
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Figure 1: Left: The atmospheric electricity station. Equipment foeamuring, recording and transmission of the
vertical component of electric fiell,. Right: Rotating-dipole sensor fd, measurements.

INSTRUMENTATIONS AND DATA

We analyzed variations of the vertical component of thetetefield £, measured by a rotating
dipole field-mill for the interval of two years, 2012-2013.hd system for measurements of the electric
field strength near ground level is a rotating-dipole typesse of frequency bandwidth from 0 to 10 Hz,
sensitivity of 2 V/m, amplitude range af750 V/m, and output voltage:3.5V. The system requires 12
V buffer power supply Berlinski et al., 2007]. In addition, near-ground aerosol concentratios meaa-
sured, in the size range from 3 nm tq®. This measurement is performed using an automatic ulérafin
aerosol counter CPC 3025. Meteorological observatiomsggeature, pressure, humidity, cloudiness, cloud
type, wind speed and direction, insolation, etc.) were pixformed automatically or traditionally. All in-
struments have been installed away from local anthropogsmirces. Data were recorded synchronously
from the three observation sites: ARC, HRN and SWI. The samggdiequency was one second. The data
logger was a unique internet address (IP), allowing compatimin and control via internet and data down-
load as well as data visualisation, and together with théebyfower supply was installed in a portable
container (0.5m x 1m x 0.6 m dimensions) enabling easieallatibn and field measurements (Figure 1).
The electric field mill was mounted 2.5 m about the groundag&fin SWI and HRN, and 1.5 m in ARC.
The three stations: ARC, HRN, SWI now create the Polish abimexsc electricity observation network.
We have selected 20 fair-weather and low aerosol concamredays from the period 2012-2013 for sta-
tions ARC, HRN, SWI. Only 8 cases the fair weather was sinmaitaisly at HRN and SWI, for 4 cases
at ARC, HRN, SWI. We analyse in this paper only 3 individuatess The overhead ionospheric poten-
tial due to the ionospheric convection (magnetospherieiggar)V;, is calculated from the Weimer model
[Weimer, 1995, http://ccmc.gsfc.nasa.gov/cgi-bin], solar wiradgmeters and interplanetary magnetic field
(IMF) data have been obtained from the NASA OMNI databast:(ftmniweb.gsfc.nasa.gov), auroral
oval images from OVATION data (http://sd-www.jhuapl.edmaps of the ionospheric convection from the
Super Dual Auroral Radar Network (SuperDARN) (http://sdaen.jhuapl.edu), and IMAGE magnetic data
(http://www.ava.fmi.fi/image).
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Figure 2: Left: The interplanetary magnetic field (IMF), solar windeggl and magnetic activity index associated
with auroral electrojets (AE-index). Right: Magnetografixecomponent for the IMAGE Scandinavian stations on
05.06.2012.

RESULTS AND DISCUSSION

On 5 June 2012, the IMAGE Scandinavian magnetometer netwecdeded three substorms; it was
a day of moderate geomagnetic activi§y, = 4, (Figure 2, right panel). The substorm at 04-06 UT is
observed at polar latitudes and auroral zone and the substbi3-14 UT started in the auroral zone and
moved to polar latitudes. The substorm at 21-22 UT startgablar region and propagated downward to
middle latitudes. The solar wind parameters and interpdamenagnetic field (IMF) are presented in Figure
2, left panel. The IMFB, component was negative most of the day. During the first suinst small
negative impulse in the IMEB, component occurred, in the second substorm an impulseteiréoward
positive values. Only during the substorm on 21-22 UT the IBIFFcomponent changed sign from neg-
ative to positive, in this day the solar wind speed was almosstant. In Figure 3 the diurnal variations
of the E, at stations SWI (right panel) and HRN (left panel) are showor comparison the variations of
the main generators on individual days in different locagiare normalized observed surface electric field
E. according to the formulaZ, ., = E./E, 4., Where E, ) is the daily mean average. Figure 3
(right panel, center) show normalizéd .,,) i The curve was created from the subtraction of smoothed
(Butterworth two-order lowpass filter, cutoff time 6 h) obsed £, in SWI and local thermal convection
generator, and is meant to represent approximately thealigiobal lower atmospheric cloud generator.
The method assumes that the variation denoted’lfifigure 3) can be compatible with global electrified
cloud activity on individual day. This was partly confirmexperimentally in the INieckarz et al., 2009;
Golkowski et al., 2011]. The local thermal convection generator at SWiatafizen.con) was calculated
statistically on the basis of measured surface electrid figl on days with strong thermal convection in
year 2012. The observed, at HRN in Figure 3 (left panel, top) consists of two main comgmis: due to
the magnetospheric and cloud generator. Figure 3 (leftlpeemter) presents the magnetospheric generator
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Figure 3: Normalized diurnal variation of the near-surface eledietd ., right panel: top - observefi, ., in
SWI, center - the, .,y observed in SWI, smoothed, minus the local thermal convegénerator (not shown). This
obtained curve should equal the low atmospheric cloud geéoebottom - overhead field aligned currents (FACs)
calculated with the Weimer model, left panel: tof’z.,,y observed in HRN, center - diurnal variation of the magne-
tospheric generatak £, taken as the observed electric fidid in HRN minus the low atmospheric cloud generator

from SWI, bottom - overhead ionospheric convection po&iifi calculated with Weimer model, on 05.06.2012. The
letters A, B, C, D represent the individual curves.
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Figure 4:Convection electric potential map of ionosphere from SDpen on 01 UT, 18 UT, 22 UT for 05.06.2012.

AFE, obtained by the substraction of the cloud generator (frosenkations at SWI) from the observéd



XV International Conference on Atmospheric Electricit§-20 June 2014, Norman, Oklahoma, U.S.A.

NORTH CAP NORTH CAP NORTH CAP
End Tirme 05 Jun 2012 — 0400 End Tirme 05 Jun 2012 — 15:00 End Tirme 05 Jun 2012 — 22:00
DMSP Saotellites : F16, F17 DMSP Saotellites : F16, F17 DMSP Satellite : F18
Me UVl Data for this period. Me UVl Data for this period. No UVl Data for this period.

180 . 180 180

Log e
3
12 5
EH’ T . Els : Jj o 40° .
H S HUARL H . T JHUsEL

MNormalized B2i = 58 Flux = B43 M MNormalized B2i = 58 Flux = 481 Mb Normalized B2i = 59 Flux = 585 MWL
Equivalent Kp = 5.0 Global e— E—Flux = B7.5 MW Equivalent Kp = 5.0 Global e— E—=Flux = BS.3 MW Equivalent Kp = 4.7 Global e—= E—Flux = 56.3 MW

Figure 5:Localisation of the Horsund (HRN) station to the aurorall@ra04 UT, 15 UT, 22 UT on 05.06.2012.

variation at HRN. Finally, we can compare the resulting eun”, (HRN) with the overhead ionospheric
potential V; obtained from the Weimer model, as the overhead ionosppetential represents stationary
effects of the ionospheric convection, or the magnetosplgenerator, irF,. Figure 3 (right panel, bottom)
shows overhead Birkeland currents (FACs) calculated flmr\Weimer model. The correlation of these two
parameters is not significant. From 00-05 UT the variatiohthese parameters were opposite, from 05
to 08 UT the curves are more similar. From 09 UT thé’, curve was characterized by large fluctuations
around the average value of nearly zero. From this periodikehead potentidl; was negative and signif-
icantly varies (09-21 UT). The FAC current from 00 to 05 UT wvpasitive and inflowing to the ionosphere
increasing the overhead potential. The fluctuations octyin AE, andV; may be due to an electrojet
flowing over HRN.

Figure 4 shows maps of the ionospheric convection map patdRuochoniemi and Baker, 1998]
based on SuperDARN radar observations on 05 June 2012. \Wiehese maps to identify the location
of the observed station HRN in relation to observed ionosplemnvection patterns. At 01UT HRN was
located in the positive convection cell, near to its center the maximum value of the convection elec-
tric potential, at 01 UT HRN was under negative convectiolh aed at 22 UT HRN was located on the
boundary of the positive cell, almost between positive agghtive cells. The diurnal variation the overhead
ionospheric convection potenti&] obtained from Weimer model is consistent with the electdteptial of
the ionosphere by the SuperDARN map potential techniqugurgis presents the position of the Hornsund
station (HRN) on the background auroral oval on 05 June 2D1#ing this day the HRN was located within
of auroral oval or on its poleward boundary. The objectivéhes step is not to verify the SuperDARN map
and Weimer model but verification of our method of separatibthe main generators in the GEC. The
lack of correlations between thé andAE, in HRN station may be due to the fact that convection models
do not take into account all ionospheric currents duringudi'ed magnetic day$-fank-Kamenetsky et al.,
2012]. In addition, the ionospheric potential map obtaibgdhe map potential technique may not be an
accurate representation of thigfor the case of large magnetic activitshepherd, 2007]. These factors may
cause difficulties in identifications of the overhead patrit; and the magnetospheric generafoF, in
Hornsund.

Figure 6 shows variations of the IMF (left panel) and diurihattuations of the magnetic X compo-
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Figure 6: The interplanetary magnetic field (IMF), solar wind speed armagnetic activity index associated with
auroral electrojets (AE-index); magnetogram X-compoffi@enscandinavian stations on 28.10.2013.

nent (right panel) from the IMAGE network on 28 October 20Th this day the magnetic activity index
was K, = 1. In auroral and polar cap zone there was no substorm and @&osie electrojet over HRN.
The interplanetary magnetic fielgé,, component was negative for most of the day. The IBIF> 0 during
that day, only 03-06 UTB, component changed the sign. The solar wind speed increadddrdy about 05
UT. However, this increase was minor (about 10 knmh)s On the 28 October 2013 were magnetically quiet
conditions. Figure 7 summarizes the analysis of obseiwefor HRN and SWI stations and calculated
AFE, 1V, for 28 October 2013. Description of each parameters is theesss shown in Figure 3. Curves
AFE, (Figure 7, left panel, center) arid (Figure 7, left panel, bottom) are similar. On this basis;aih
be assumed that the presented method can be used on thigtisepdiurnal variations of magnetospheric
and thunderstorm /cloud generators by measuring eleatiitifi near-surfacé”, in two localizations. This
method is applicable on the magnetic quiet days, in the rlistlidays is currently difficult to verify. If
the choice for the location of measurements ensures miatiiois of local effects, separation of the main
generators GEC in the, may not be complicated [e.Burnset al., 2005].

Simultaneous F, variations at three sites;. ARC, HRN, SWI during fair weather conditions

Figure 8 shows simulations variations of the surface atedild F, in three stations ARC, HRN,
SWI in fair-weather conditions and interplanetary magnégld IMF on 27 September 2013. During the
two years of continuous measurements (2012-2013) at AR oselected days were fair-weather day also
at HRN and SWI. The 27 September 2013 there was quiet magretivity K, = 0 — 1, and the IMAGE
network did not recorded strong electrojet in the ionosphérhe IMF B, and B, components changing
slowly in the range oft 2nT. The average speed of the solar wind was 310 kin(Bigure 8, right panel).
The curve ARC contains the least fluctuation in comparisdh thie curves at HRN and SWI (Figure 8, left
panel). This may be the result of the location of the ARC steih the area where the impact of local effects
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Figure 7: Normalized diurnal variation of the near-surface eledietd ., right panel: top - observefi, ., in
SWI, center - the, .,y observed in SWI, smoothed, minus the local thermal convegénerator (not shown). This
obtained curve should equal the low atmospheric cloud geéoebottom - overhead field aligned currents (FACs)
calculated with the Weimer model, left panel: tof’z.,,) observed in HRN, center - diurnal variation of the magne-
tospheric generatak £, taken as the observed electric fidid in HRN minus the low atmospheric cloud generator
from SWI, bottom - overhead ionospheric convection po&ifi calculated with Weimer model, on 28.10.2013. The
letters A, B, C, D represent the individual curves.

is small. Additionally, the location of the Arctowski stati is usually away from the Southern Hemisphere
ionospheric convection and therefore it can be assumedhbatffects of magnetospheric generators can
be neglected in days with low magnetic activity. Therefdie, variation of cloud generator as obtained by
the SWI station we compared with the variationskgfat ARC. Good agreement of all curvés occurs at
night, 00-03 UT, during 10-16 UT variations differ signifitly. The HRN and SWI are characterized by
large fluctuations. An extended analysis of this case wilifaele using SuperDARN, OVATION data base
when they become available. Analysis of simultaneous trana of £, of the two distant polar regions is

Vostok (Antarctic region) station and Horsund (Arctic i@mg) was presented in the worlkrgnk-Kamenetsky
etal., 2012].

CONCLUSIONS AND FUTURE WORK

1. The coupling between the magnetopsheric-ionosphernierisystem with the atmospheric one seems
to be complicated in individual cases.

2. The effect of the magnetospheric generatby as obtained from the measured electric fiéldis
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Figure 8:Left, Normalized diurnal variation of the near-surfacecéte field £. .,y at SWI, HRN, ARC. Right, The
interplanetary magnetic field (IMF), solar wind speed or0272013

highly variable in the morning and evening hours, simildrlyhoverer these changes are not always
consistent with each other.

3. The relation between the overhead potenkiatalculated from ionospheric models (e.g. Weimer
model) and the magnetospheric generaldr, determined fromE, measurements depend on the
IMF, plasma convection and the location of HRN in relatiopédar electrojets. The relation becomes
stronger for particular configurations of the magnetospkienospheric current system.

In the near future in the verification of the presented methfaparation of the main generators data
for individual day storm activity on the Global Lightning aet (GLD360) $aid et al., 2010] will be used.
The variation ofF, at middle latitudes (SWI), high latitudes (ARC) will also bempared with the global
thunderstorm activity (diurnal variation of average numiidightning strikes per hour and average current
per hour) from GLD360 on individual days. Initial analysissvdone by Golkowski et al., 2013]. The
knowledge of individual diurnal variation of global thundrm activity is important because it affects the
determination of the magnetospheric generator. Fheneasured at the tree sites will be used to study the
penetration of electric fields from the magnetosphere toandilow latitudes during strong magnetic storms
[e.g.,Kleimenova et al., 2013]. The experience resulting from the measurementw@e tsites on the globe
(Polish Atmospheric Electricity Network) indicate the de&f increasing the number of measuring points
as fair weather conditions rarely occurs simultaneousBllipoints in this global network simultaneously.
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