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The paper discusses on the variations of the atmospheric vertical electric field measured at sub-auroral
station Maitri (70◦75′S, 11◦75′E), and polar station Vostok (78.5◦S, 107◦E) during the geomagnetic
disturbances on 25–26 January 2006. Diurnal variation of surface electric field measured at Maitri shows
a similar variation with worldwide thunderstorm activity, whereas the departure of the field is observed
during disturbed periods. This part of the field corresponds to the magnetospheric/ionospheric (an
additional generator in the polar regions) voltage generators. Solar wind parameters and planetary
indices represent the temporal variation of the disturbances, and digital fluxgate magnetometer variation
continuously monitored to trace the auroral movement at Maitri. We have observed that the electrojet
movement leaves its signature on vertical and horizontal components of the DFM in addition; the study
infers the position of auroral current wedge with respect to Maitri. To exhibit the auroral oval, OVATION
model is obtained with the aid of DMSP satellite and UV measurements. It is noted that the Maitri
is almost within the auroral oval during the periods of disturbances. To examine the simultaneous
changes in the vertical electric field associated with this magnetic disturbance, the dawn–dusk potential
is studied for every UT hours; the potential was obtained from Weimer model and SuperDARN radar.
The comparison reveals the plausible situation for the superposition of dawn–dusk potential on surface
electric field over Maitri. This observation also shows that the superposition may not be consistent
with the phase of the electrojet. Comparison of surface electric field at Maitri and Vostok shows that
the parallel variation exhibits with each other, but during the period of geomagnetic disturbances, the
influence is not much discerned at Vostok.

1. Introduction

The atmospheric global electric circuit is a current
system in which currents flow upward from thunder-
storm current generators, through the ionosphere,
and down to the Earth’s surface in the fair weather
regions. Continuous measurements of atmospheric
electrical parameters, namely, the vertical electric
field, the conductivity, and the air–Earth current,
that characterize the global electric circuit (GEC)
are considered useful in any study with the aim

of understanding fully the electrical environment
of the Earth. Further, since the global electric cir-
cuit links the lower troposphere, the ionosphere
and the magnetosphere, the measurement of atmo-
spheric electrical parameters will be useful in any
integrated approach that involves all these regions
(Bering 1995; Rycroft et al. 2000). Long term
measurements from various sites would be consid-
ered useful for addressing some of the problems
associated with the global change. Despite a long
history and good number of observations carried
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out for more than four decades (Kasemir 1955;
Byrne et al. 1993; Burns et al. 1995; Bering
et al. 1998; Deshpande and Kamra 2001; Virkkula
et al. 2005; Panneerselvam et al. 2007a, b, 2010;
Anil Kumar et al. 2008, 2009, 2013), knowledge of
the relations between atmospheric electricity, solar
cycle, climate and air pollution is insufficient for
extensive applications. Hence, the non-linear effect
may be important in the real atmospheric electrical
processes because the thunderstorms are non-steady,
and the electric charges may play an important
role in the thunderstorm electrification (Chiu 1978;
Mathpal et al. 1980; Kuettner et al. 1981; Mathpal
and Varshneya 1982). Many studies suggested that
the solar activity influences due to ionospheric
electric field disturbances may significantly control
the global electric circuit state (Sao 1967; Apsen
et al. 1988; Michnowski 1998; Bering et al. 1998;
Rycroft et al. 2000; Frank-Kamenetsky et al. 2001;
Nikiforova et al. 2003).

Measurements over polar regions are of great
importance in understanding GEC as these regions
are practically free from anthropogenic pollution.
Since maximum parts of the continent are covered
by ice, the ionization produced by the radioactiv-
ity element at ground surface is almost absent. The
electrical conductivity of the ice surface is in sev-
eral orders of magnitude higher than that of air
(Cobb 1977). The atmospheric electrical studies at
Antarctica are useful for investigating the large-
scale electrical process which is unique at high
latitudes (Byrne et al. 1993; Panneerselvam et al.
2007a, b, 2010; Anil Kumar et al. 2009; Kleimenova
et al. 2012). The global electric circuit involves
lower atmosphere generators (mostly controlled by
the thunderstorm) and upper atmosphere genera-
tors (ionosphere/magnetosphere), the most impor-
tant of which are at the high latitude (polar caps)
(Richmond 1986; Roble and Tzur 1986). The influ-
ence of this external generator on surface electric
field is dependent on magnetic coordinates of the
measuring site. Atmospheric electrical parameters
have been measured at Maitri and reported by
many authors, local summer (Panneerselvam et al.
2007a, b), influence on coronal mass ejection (Anil
Kumar et al. 2008), electrodynamic coupling func-
tion (Anil Kumar et al. 2009), etc. Panneerselvam
et al. (2007a) reported that the surface electric field
measurement at Maitri is similar like ‘Carnegie
curve’, the so-called thunderstorm generated elec-
tric field pattern. He further stated that the classic
diurnal variation is not regularly seen on individ-
ual days but it only emerged when many days are
averaged (Anil Kumar et al. 2008, 2009).

An additional problem while trying to study the
global electric circuit at the high latitude-polar-cap
region is that horizontal ionospheric electric fields
map downward to the Earth’s surface (Richmond

1986; Roble and Tzur 1986; Burns et al. 2005; Anil
Kumar et al. 2009). This dawn-to-dusk horizontal
potential difference due to the interaction of the
solar wind with the Earth’s magnetosphere (V × B)
causes the two-cell convection pattern in the polar
region. In this part, the principal component analy-
sis was carried out by Panneerselvam et al. (2007a),
using surface electric field data at Maitri, and they
stated that the first eigen value gives information
about the thunderstorm contribution to the global
electric circuit. The second and third components
will give the information about the E-region iono-
sphere dynamo and the solar wind-magnetosphere
dynamo, respectively. The currents and electric fields
produced by the ionospheric wind dynamo are rela-
tively weak in comparison with those of solar wind-
magnetosphere dynamo at high latitude during
solar active time, since cross-polar cap potential has
a significant influence in high-latitude region and
extended up to 40◦ magnetic co-latitudes (Hairston
and Heelis 1990; Tinsley 2008). The extended hori-
zontal electric field is (dawn–dusk potential) gra-
dually downward to the lower atmosphere. The
clockwise cell would map to increase the upward
vertical electric field and current at the ground.
The anti-clockwise convection would map down to
decrease to the measured atmospheric electric field
and current (Park 1976). The nature of the convec-
tive cell depends on the relative position of the
station with respect to magnetic dawn to dusk.
Solar wind induced changes can be involved by
more direct effects of the deep penetration of the
interplanetary electric field into middle- and low-
latitude ionosphere. The strongestmanifestations of
the solar wind interactions with the magnetosphere
and ionosphere processes are especially evident at
the auroral and polar latitudes. Many studies of
surface electric field associated with these effects
have been carried out at high and polar Arctic and
Antarctic areas (Reddell et al. 2004; Kleimenova
et al. 2008 and references therein) but the magne-
tospheric/ionospheric contribution to atmospheric
electricity at sub-auroral stations is discussed by few
researchers (Anil Kumar et al. 2009; Panneerselvam
et al. 2010; Minamoto and Kadokara 2011; Odzimek
et al. 2011; Frank-Kamenetsky et al. 2012; Luk’
yanova et al. 2011). Frank-Kamenetsky et al. (2012)
noted that the correlation between variation in
the surface electric field at high latitude and the
calculated horizontal electric potential (Weimer 05
model) are insignificant, and the correlation is rela-
tively linked with the occurrence of auroral electro-
jet. However, no consistent results were drawn from
earlier studies and a similar approach was not used
at the equatorward auroral boundary stations.

In this paper, we have attempted to discuss the
temporal variation of surface electric field measured
at Maitri (70◦45′52′′S, 11◦44′03′′E, 117 m amsl) and
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Vostok (78◦27′52′′S, 106◦50′14′′E, 3488 m amsl) and
its departure during the geomagnetic disturbed
periods.

2. Experimental technique

Widely used ground-based sensors for the measure-
ment of air–Earth current are the Wilson plate
(Israel 1973), the horizontal long-wire antenna
(Kasemir 1955; Ruhnke 1969; Panneerselvam et al.
2010). The atmospheric electric field has been mea-
sured at Maitri with the field mill made out of non-
magnetic stainless steel to reduce the contact
potentials. The sensor plates and rotor in the field
mill are of 8.5 cm diameter. The shaft of the ac
motor (220 V, 50 Hz, 1500 rpm) is grounded with a
carbon bush. The signal from the field mill is ampli-
fied with Op-Amp 1596, which is mounted inside
the field mill. The maintenance and calibration
methodology of the instruments were briefly explai-
ned in Panneerselvam et al. (2004) and Manu et al.
(2013). This instrument was installed on flat bar-
ren land near the station and the site description
along with meteorological parameters impact were
briefly described in Deshpande and Kamra (2001).

3. Data selection and analysis

In this work, we have used the vertical atmospheric
electric field which is measured at Maitri on 25–26
January 2006, under the so-called ‘fair-weather’ con-
ditions, i.e., free from snowfall, surface wind speed
<10 m s−1, cloud coverage less than 4 octa, etc.
Solar wind and IMF parameters were obtained
from the advanced composition explorer (ACE)
(http://www.srl.caltech.edu/ACE/) satellite and
AE (auroral electrojet index), 3-hourly Kp index
data were archived from the World Data Cen-
tre (WDC) (http://wdc.kugi.kyoto-u.ac.jp/aeasy/
index.html). The occurrences of aurora are iden-
tified using the digital flux gate magnetometer
(DFM) at Maitri. The hourly averaging procedure
is performed for all the parameters since it is most
suited for identification of the signatures of the
global electric circuit (Panneerselvam et al. 2007a, b,
2010; Anil Kumar et al. 2009, 2013). Normalized
diurnal variation of typical fair-weather day atmo-
spheric electric field (ENZQ) measured at Maitri is
depicted in figure 1; it is a mean curve of 69 ‘fair-
weather’ days during summer from 2001 to 2004
at Maitri, Antarctic. Normalization is performed
based on the following equation,

Ezn (hr) = Ez (hr)/mean (Ez (day)) .

Normalization of experimental data reduces the
dispersion, revealing a regular change of measured

0 2 4 6 8 10 12 14 16 18 20 22
0.75

1.00

1.25

Time (hrs) UT

N
or

m
al

iz
ed

 E
le

ct
ric

 fi
el

d

Figure 1. Diurnal variation of normalized atmospheric elec-
tric field (ENZQ) averaged over 69 fair weather days at
Maitri, Antarctica (Panneerselvam et al. 2007a).

parameters as a function of universal time. The
diurnal variation of atmospheric electric field dur-
ing the fair weather days at Maitri, Antarctic fol-
lows the famous Carnegie’s curve with a minimum
at about nearly 03:00 UT and a maximum about
nearly 19:00 UT (Panneerselvam et al. 2007a).
Therefore, this curve is treated as reference curve
for further analysis in this work.

Geomagnetic storm is generally defined as an en-
hancement of main phase due to the westward ring
current followed by the recovery phase. The mag-
netic storm main phase is usually accompanied by
high latitude geomagnetic substorm that manifest
large magnetosphere–ionosphere disturbances seen
in energetic particle precipitations and ionosphere
potential configuration changes (Kleimenova et al.
2008). In high latitude, the status of geomagnetic
disturbances classified as, based on the Kp index, 0
<Kp < 3 is considered as a magnetic quiet period
i.e., low/no geomagnetic disturbance, 4 < Kp < 7
is moderately disturbed, and more than this, indi-
cates the strong geomagnetic storm (Rangarajan
and Barreto 1999). Maitri is away from auroral oval
influence during magnetically quiet time and is en-
compassed by the auroral oval, under magnetically
disturbed conditions (Panneerselvam et al. 2010).
Part of the day-to-day variations on ground-level
electric field may be ascribed to the solar wind/
magnetospheric and ionospheric contribution during
magnetically disturbed periods. Figure 2 shows an
hourly variation of normalized electric filed (ENZ)
on 25–26 January 2006 along with the reference
curve (ENZQ). Time series of surface electric field
shows a typical fair-weather field pattern on both
the days. In addition, the field departure is observed
between 19:00 UT on 25 January and 03:00 UT
on 26 January 2006, and the similar kind of enhan-
cement is observed during evening hours on the
same day. The hourly variation of geomagnetic

http://www.srl.caltech.edu/ACE/
http://wdc.kugi.kyoto-u.ac.jp/aeasy/index.html
http://wdc.kugi.kyoto-u.ac.jp/aeasy/index.html
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Figure 2. Comparison of observed atmospheric electric filed (ENZ) on 25–26 January 2006 and ENZQ at Maitri, Antarctica.
Right side axis represents the normalized value for reference curve. Left side axis represents the normalized value of electric
field at Maitri.

indices, solar wind parameters and ground mag-
netometer on 25–26 January 2006 is shown in
figure 3. These parameters collectively express the
geomagnetic disturbance that occurred on 25–
26 January 2006, in which, panel (a–c) describes
the strength and the movement of auroral elec-
trojet at Maitri. SYM-H shows moderate mag-
netic disturbances at 16:00 UT on 25 January and
its amplitude is intensified of –66 nT at about
03:00 UT on the next day. A positive hump is
observed in the ΔZ component at 18:00–20:00
UT due to the approaching of auroral current
wedge towards Maitri, and it further enhanced at
04:00 UT where the current wedge was dominated
over the location. The recovery phase indicates
the motion of the current wedge that moved
away from Maitri. Simultaneous variation is
noticed on ΔH component except that the ini-
tial disturbance registered on ΔZ as shown in
figure 3(c). A thick solid line signifies the UT
hour at which the maximum deviation occurred by
focussing on magnetic field component, at 04:00
UT, along with the variation of planetary index.
To trace the motion of auroral current with respect
to latitudes, the magnetic field components are
widely used. The hourly variation of interplane-
tary parameters on 25–26 January 2006 is shown
in panel (e–h). The dotted lines focus on the vari-
ation of aforesaid parameters during the period
of disturbances, where the onset of southward
phase (Bz < 0) is noticed in IMF BZ at 16:00
UT, and it further progressed up to post-midnight
hours as depicted in panel ‘e’. In the meantime,
IMF east–west (By) component remains eastward
(By > 0). The solar wind speed (Vsw) shows grad-
ual increasing trend during the period of interval,

whereas the number density clearly peaks at post-
mid-night hours as seen in panel (g–h). Resultant
of this disturbance is represented in Kp index as it
varies between 3 and 4 during the same interval as
shown in panel ‘i’.

The similar kind of situation is observed during
evening hours on 26 January 2006, but neither solar
wind parameters nor SYM-H represents the signa-
ture of geomagnetic disturbances. It is noticeable
that IMF By (negative) describes the motion of
solar plasma in the sunward direction during the
period of observation.

The analysis of AE and Kp index clearly repre-
sents the disturbance that occurred around 16:00–
18:00 UT, and the associated signature recorded
on the Earth’s magnetic field components, which
is marked by solid line in panel (a–d) at 18:00 UT
on 26 January 2006. In general, during the mag-
netic disturbances the ionosphere becomes very
unstable and the ionospheric conductivity strongly
enhances, especially at the auroral latitudes. As a
result, the total resistance of the ionosphere part of
the global electric circuit may decrease (Michnowski
1998). On account of the change in resistance of
the ionosphere, surface electric field increased at
about 17:00 UT over Maitri as shown in figure 2.
The maximum departure of atmospheric electric
field (ENZ) is observed at 18:00 UT followed by
recovery phase at 19:00–21:00 UT on 26 January
2006.

Figure 7 compares the hourly variation of surface
electric field at Maitri and Vostok for the entire
period of observation. The axis on the left repre-
sents the field variation at Vostok and right side
for Maitri. Diurnal variation of electric field pattern
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Figure 3. Hourly variation of Kp index, solar wind, interplanetary parameters and ground magnetometer on 25–26 January
2006. Two dotted lines from panel (b–e) concentrate the variation from 16:00 UT on 25 January 2006 to 03:00 UT on 26
January 2006. The sum of Kp index is mentioned at the corner. (b) Hourly variation of IMF-BZ shows the north–south
orientation of IMF during the period of observation. (c) Hourly variation of IMF-BY component shows the sunward-anti
sunward orientation of IMF. (d) Hourly variation of solar wind speed (VSW) for two days. (e) Hourly variation of solar
wind number density (NSW) on the event days. (f) Hourly variation of auroral electroject index. (g) Hourly variation of ΔZ
component of geomagnetic field at Maitri. (h) Hourly variation of ΔH component of geomagnetic field at Maitri. (i) Hourly
variation of SYM-H storm index. The first straight line indicates the UT hour of maximum disturbance and corresponding
variation of aforesaid parameters on pre-morning hours on 26 January 2006. The second straight line indicates the time at
which the dusk-ward particle precipitation occurred on 26 January 2006.

at Vostok is as similar as fair-weather pattern. On
25 January, field curve had a slight deviation during
UT noon hours. On 26 January, the curve exactly

matches with worldwide thunderstorm activity.
Similarly, the field variation at Vostok has dissimi-
larity with the field at Maitri on 25 January, but it
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is absent on the next day as clearly seen in figure 7.
Due to the insufficient magnetic field data over
south polar cap region, the electrojet influences on
surface electric field could not be investigated over
Vostok Observatory.

4. Discussion

4.1 Event on 25 January 2006

Surface electric field observation at Maitri clearly
represents the departure of the atmospheric field
during magnetically disturbed periods. Atmos-
pheric electrical parameters measured at Maitri
has been studied by many researchers who have
reported that the site is suitable for the global
thunderstorm measurement (Rajaram et al. 2002;
Panneerselvam et al. 2003; Anil Kumar et al. 2013;
Devendraa Singh et al. 2013). Figure 1 depicts
one of the fine measurements during summer for
the period 2001–2004. On the Antarctic plateau,
electric field measurements respond to input from
the solar wind (Tinsley et al. 1998; Anil Kumar
et al. 2009; Panneerselvam et al. 2010; Frank-
Kamenetsky et al. 2012). The coupling between
solar wind–magnetosphere–ionosphere is more effi-
cient only when the IMF retains the same direc-
tion for more than 3 hr (Reiff and Luhmann 1986).
On 25 January 2006, the southward phase (Bz <
0) persists more than 10 hr from 16:00 UT to the
next day morning hours. This negative excursion
in the IMF causes disturbances in the magnetome-
ter at Maitri, and it is registered as sharp negative
deviation on the vertical component. The negative
trend generally depicts the latitudinal changes of
auroral oval, moving poleward. This observation
has good agreement with the results drawn from an
optical auroral study at Maitri by Girija Rajaram
et al. (2002). It is further reported that the hori-
zontal component provides the information about
the direction of electrojet; similarly ΔH depicts
the sharp negative variation due to the westward
auroral electrojet (WAE) at 02:00–03:00 UT as
seen in figure 3(b–c). It is evident that an intensive
westward current is observed polarwards, over
Maitri observatory during the same interval.

Figure 4 depicts the relative position of
Maitri and Vostok with respect to auroral oval,
which is archived from the OVATION model
(http://sdwww.jhuapl.edu/Aurora/). As shown in
figure 4(a), the travelling surges, moving towards
dusk sector around 22:00 UT with respect to
Maitri. The consecutive images clearly show the
westward movement of an auroral current. Due
to the unavailability of successive UT hour’s
images, the entire electrojet movement may not be
depicted. However, the magnetic field components

and OVATION model clearly describe the move-
ment of auroral electrojet with respect to location
over Maitri during the period of disturbances.

The interaction of the solar wind (VSW) and
Earth’s magnetic field (BT) provides an additional
horizontal potential difference (i.e., VSW × BT)
at high latitudes. This additional potential dif-
ference superimposed on the global ionospheric
vertical potential generated by meteorological elec-
trical processes (Burns et al. 2012). The dawn–
dusk potential has to be estimated in spatial and
temporal scale in order to find its contribution on
the surface measurements. According to the exist-
ing polar cap models (Reiff and Luhmann 1986;
Weimer 1996; Boyle et al. 1997; Ye Gao et al.
2013), dawn–dusk potential represents the basic
coupling function (VB sinnθ), however, each model
has its own significance. Weimer-05 model is fol-
lowed in this work to obtain the potential dif-
ference for ionosphere part of the global electric
circuit.

Weimer models are empirical, spherical, harmonic
coefficient models, derived from a minimum-error
fit of satellite ionospheric electric field measure-
ments and coincident solar wind measurements
(Weimer 1996). The following parameters are given
as an input to obtain dawn–dusk potential, time
(UT), geographic latitude, solar wind velocity
(VSW), solar wind number density (NSW) and IMF
parameters. Figure 5 depicts the stereographic pro-
jection of southern hemisphere focused on dawn–
dusk, where the potential difference and location of
Maitri are marked as PHI (kV) and ‘star’ symbol
on the map, respectively. The high potential differ-
ence of around ±50.4 kV is observed at 22:30 UT
as represented in figure 5(a), whereas the magnetic
quiet time potential varied from 15 to 20 kV. This
enhanced large scale horizontal potential difference
map down through magnetic field lines and coupled
with the vertical electric field at Earth’s surface
(Park 1976). The corresponding superposed elec-
tric field is acquired at about 23:00 UT in the atmo-
spheric electric field at Maitri, where the amplitude
is two-fold higher than normal fair-weather electric
field at particular UT hour. This result agrees with
the study performed by Tinsley et al. (1998), where
the South Pole data is discussed with polar cap
potential. He further stated that the direct influ-
ence of the cross polar cap potential difference can
be discerned in geoelectric field measurements at
South Pole.

Apart from the recent developments of existing
ionospheric potential models, we have an opportu-
nity to validate the aforesaid inferences using radar
measurement. SuperDARN (SuperDual Aurora Ra-
dar Network), is an international network of high-
frequency radars monitoring plasma flow in the polar
ionosphere. The network database (http://www.

http://sdwww.jhuapl.edu/Aurora/
http://www.jhuapl.edu/superdarn
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Figure 4. The relative position of Maitri and Vostok to the auroral oval on 25–26 January 2006. (a) Auroral oval position
over south polar cap at 22:30 UT on 25 January 2006; (b) at 00:00 UT on 26 January 2006; (c) at 17:45 UT on 26 January
2006; and (d) auroral oval position over south polar cap at 20:30 UT on 26 January 2006.

jhuapl.edu/superdarn) contains digitized convec-
tion maps with spatial resolution of 1◦ GLat/1 hr
MLT and with time resolution of 2 min. This
convection potential can be used successfully for rep
resenting the dawn–dusk potential influence on the
atmospheric electricity parameters (Odzimek and
Lester 2009; Odzimek et al. 2011). Convection maps
for geomagnetic disturbed periods have been projec-
ted in figure 6. The outer red ring in the convection
map indicates the equatorward boundary of the
auroral oval and the so-called Heppner–Maynard
boundary (HMB) (Suzanne Mary Imber et al. 2012).
Figure 6(b) confirms the enhancement of dawn–
dusk potential during this period of disturbances as
it varies of 40 kV at 22:00 UT, whereas figure 6(a)
depicts the potential of 22 kV during magnetic
quiet time. HMB clearly indicates that Maitri is
located within the auroral oval during the period of
interest. Therefore, it is evident that horizontal
potential model and observation mutually varied

at the time of geomagnetic disturbances. This sup-
ports that the enhancement of the electric field
measured at Maitri has been significantly influen-
ced by the development of dawn–dusk potential.

4.2 Event on 26 January 2006

The magnetic disturbance recovered at 06:00 UT,
and later the magnetometer (ΔH and ΔZ) shows
the magnetic perturbation at Maitri during late
evening hours on 26 January 2006. In the absence
of this, magnetic signature on the solar wind
parameters and SYM-H describes that the pertur-
bation may be localized at high latitude, possibly
due to substorm phenomenon.

Figure 3(f–g) shows the sunward (BY < 0) flow of
plasma with high speed, this dusk-to-dawn motion
of solar plasma from magneto tail along the field
lines triggers the substorm activity. It is originated

http://www.jhuapl.edu/superdarn
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Figure 5. Electric potential pattern of southern hemisphere from the Weimer 05 model. Date, time, IMF & solar wind
parameters and tilt angle (θ) are given at the top of the panel. The maximum and minimum potential is denoted in the
right side of the each panel. (a) Ionospheric electrostatic potential pattern at 22:30 UT on 25 January 2006. (b) Ionospheric
potential pattern at 18:00 UT on 26 January 2006. (http://ccmc.gsfc.nasa.gov/models/modelinfo.php?model=Weimer).

by plasma instabilities in the magnetosphere tail
and provides high latitude ionosphere current
enhancement and energetic particle precipitation.
The variations of atmospheric electric field with
respect to the substorm phenomenon were studied

by many authors (Bandilet et al. 1986; Frank-
Kamenetsky et al. 2001; Kleimenova et al. 2010,
2012). These studies reported that the development
of night-time magnetospheric substorm manifested
itself in the variations of atmospheric electric field

http://ccmc.gsfc.nasa.gov/models/modelinfo.php?model=Weimer
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Figure 6. Maps of ionospheric convection from SuperDARN measurements on 25–26 January 2006. IMF direction and its
associated potential values are given in each map. The negative and positive potential cells denoted as blue and red colour
in the convection map. The ‘star’ symbol indicates the position of Maitri station. (a) Quite time (Kp =2) behaviour of
convection map at 15:00 UT on 25 January 2006. (b) Convection map at 22:00 UT on 25 January 2006. (c) Map at 17:10
UT on 26 January 2006. (d) Convection map at 17:20 UT on 26 January 2006.

registered at auroral latitudes. Enhancement of AE
(∼700 nT) and Kp (5) index varying more than the
quiet time range supported the substorm activity
during 17:00 to 19:00 UT as seen in figure 3(a and i).
This disturbance propagates relatively to lower
latitudes and leaves its signature on ΔH compo-
nent as a positive peak at 19:00 UT owing to
eastward flow of auroral electrojet (Rajaram et al.
2002). In addition, OVATION image confirms
that Maitri is under the influence of auroral oval
around 17:45 UT as depicted in figure 4(c). As expec-
ted, the fair-weather electric field at Maitri shows
significant response for this substorm activity, and
its amplitude enhanced over 75% more than aver-
age at about 18:00 UT. The diurnal variation of
of normalized electric field is almost parallel with
reference curve, because the substorm and global

thunderstorm activities intensified at same UT
hour on 26 January 2006 as shown in figure 2. Con-
currently, the ionospheric horizontal potential var-
ied 66.2 kV at 18:00 UT as in Weimer model,
and SuperDARN map also indicated the potential
enhancement of 46 kV at 17:10 UT and 36 kV
at 10 min interval as depicted in figure 6(c–d).
This developed large scale horizontal potential
map down to Earth’s surface and added up with
vertical electric field. This detailed observation
again confirms the aforesaid inferences derived
from last session.

Though the dawn–dusk potential difference bet-
ween geospace disturbance and substorm is high,
the superposed field effect on the surface electric
field is less during substorm activity due to less
affinity of the foci of convection cell to overhead
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ionosphere at Maitri. These findings agree with
earlier reports (Park 1976; Hays and Roble 1979;
Morozov and Troshichev 2008), which described
that the atmospheric electric filed at the ground
level is proportional to the potential difference
between the overhead ionosphere and the earth’s
surface at the observation point. Recent observa-
tions (Morozov and Troshichev 2008; Rycroft et al.
2008; Kruglov and Frank-Kamenetsky 2010) also
confirm the significance for superposing convection
potential towards the ground electrical measure-
ments. Later on Frank-Kamenetsky et al. (2012)
analyzed the variation of electric field during the
geomagnetic perturbation at sub-auroral station
in northern hemisphere, and he observed that the
correlation between atmospheric electric field and
ionospheric potential is better when the station is
under the influence of westward electrojet. Due to
the limited observations carried out in this study,
the significant inferences cannot be drawn in this
regard.

Simultaneous measurements of ground electric
field at Vostok and Maitri almost follow the Carne-
gie curve. Figure 4 depicts the oval image, Vostok
is positioned as a ‘star’, during the period of distur-
bances where Vostok is located inside the auroral
boundary. A comparative study between geo-elec-
tric field at Vostok and IMF reported that the IMF
BY has linear relation with surface electric field
(Frank-Kamenetsky et al. 1999). But Luk’yanova
et al. (2011) showed that when IMF BY < 0,
Vostok station is located below the equipotential
line and the overhead ionospheric potential value
changes insignificantly. Hourly variation of surface
electric field at Vostok on 25–26 January 2006 has
good agreement with the above findings as the
electric field variation is not the manifestation of
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Figure 7. Comparison of surface electric field measured at
Maitri and Vostok on 25–26 January 2006. Left side axis
represents the electric field at Vostok and right side axis
denotes the field at Maitri.

geomagnetic perturbation. Moreover, on 26 January
2006, IMF By maintained negative phase through-
out the day but the surface electric field simply
reflects the thunderstorm generated electric field
alone. Eventually this observation shows that Vos-
tok is under the equipotential line for the entire
period of observations (figure 7).

5. Conclusions

We analyzed the surface electric field (ENZ) mea-
surement at Maitri during moderate geomagnetic
disturbances. Diurnal variation of the surface
electric field is very good in accordance with
thunderstorm generate electric field. To find out
the temporal variation of the geomagnetic distur-
bances, the solar wind parameters and Earth’s
magnetic field components have been extensively
studied. Vertical and horizontal magnetic field
components clearly indicate the motion of the auro-
ral electrojet over Maitri, in which the horizontal
magnetic field describes the direction of electrojet.
It is evident that high speed solar wind has to
accompany negative Bz, for large scale magnetic
disturbances to manifest at Maitri, and the obser-
vation consistent with the auroral oval image obtai-
ned from OVATION model. Simultaneous response
is obtained from the ground electric field varia-
tion around the same interval as it is significantly
enhanced due to the contribution from the mag-
netospheric/ionospheric generators. This enhance-
ment is due to the superposition of large scale
horizontal ionospheric potential with vertical elec-
tric field; it is obtained through Weimer model
and SuperDARN data. Aforesaid inferences reveal
additional information that the horizontal and ver-
tical potentials are not always possession of one to
one correlation but with some delay in time. The
time shift might be attributed to the foci of the
convection cells with respect to overhead of Maitri.
It is further observed that the variation of surface
electric field associated with the magnetic pertur-
bation with respect to the phase of the auroral
electrojet is poor. Since many existing dawn–dusk
models principally focussed on polar cap where the
magnetic field lines are almost vertical, extend-
ing of these models to lower latitude created
perhaps quantitative imbalance and temporal vari-
ation. At Vostok Observatory, significant variations
are not observed during geomagnetic disturbed
periods.

From this observation, it is evident that the mea-
surement of atmospheric electrical parameters at
Maitri can be influenced by magnetospheric gener-
ators only during geomagnetic disturbed periods.
Finding space weather events impact on surface
electric field at different latitude depends on many
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factors along with fair-weather conditions.With the
continuous measurements of atmospheric electrical
parameters and geomagnetic field variations, there
is scope for addressing the contemporary problems
related to the modulation of GEC by the influence
of magnetosphere–ionosphere coupling processes
on the near-surface electrical parameters at the
polar caps.
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