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Abstract. The present work investigates the characteristic variation of atmo-
spheric vertical electric field (VEF) from a land based observatory located in
Tripura, in the North-East India. The analysis is performed using the VEF data
on 32 fair-weather days, selected over a period of three years, from Septem-
ber 2010 to September 2013. The contribution from atmospheric aerosol in the
planetary boundary layer (PBL) resulting an enhancement in VEF is observed
and explained on the basis of electrical conductivity modulation. To retrieve
the universal global signature in diurnal VEF variation, namely, the Carnegie
curve, it is necessary to eliminate the effects of aerosol concentration on VEF.
So, based on the methodology adopted by previous workers, an effort has been
put forward to separate out the effects of aerosol concentration on VEF. It is
observed that a poor correlation between the corrected VEF data and universal
Carnegie curve data put a limitation on efficiency of the correction mechanism
as proposed by other workers. The possible reason of this poor correlation is
discussed on the basis of complexity of atmospheric conductivity modulation in
the Planetary Boundary Layer (PBL) by change in aerosol concentration over
different times of the diurnal cycle.

PACS codes: 94.20.Ee, 94.20.-y, 96.60.Rd

1 Introduction

The three global electric circuit (GEC) parameters namely the vertical electric
field (VEF), bipolar electrical conductivity and air earth current are the major
components that connect the electrical processes at the atmospheric boundary
layer to the processes occurring at the lower ionosphere. In the classical pic-
ture, it is believed that the global thunderstorm activity modulates the global
ionospheric potential of around 350 kV, which manifests itself as fair weather
vertical electric field of around 100–120 V/m at the planetary boundary layer
(PBL)[1,2]. It is shown by various workers from oceanic studies that VEF fol-
lows a unitary diurnal variation peaking around 19 UT, the maximum period of
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American thunderstorm activity. But nearly all the attempts from land based ob-
servatories failed to detect such unitary diurnal variation except from some spe-
cific region like Polar Regions. This failure is mainly accounted for due to the
modulation of local electrical conductivity by aerosol and pollution, especially
over land based observatories. Many people have tried to minimize this aerosol
effect with the help of some suitable modeling approach [3], so that the unitary
diurnal variation could be retrieved from land observations. This approach itself
is very interesting due to the fact that if the global unitary diurnal variation of
GEC parameter could be found from suitable land stations, we could then have
a permanent experimental setup to measure ionospheric potential on continuous
basis. Since oceanic and ship based measurement cannot be made at a single
position, it is very difficult to measure ionospheric potential continuously from
ocean. The land based measurement from polar region is relatively pollution
free but suffers from other modulations like contribution from cross polar cap
potential difference and magnetospheric electric field contributions.

At the Department of Physics, Tripura University, we have been monitoring VEF
for the last four years on continuous basis. The first report from North-East India
on the variation of GEC parameters based on a campaign results in the year 2006
is available in the literature [4]. Having a vast dataset in hand and inspired by
the available literature, we studied the variation of VEF in a rural site, Tripura,
India (23.76◦N, 91.26◦E) whether we could retrieve the global unitary diurnal
variation after removing the perturbation due to aerosol on VEF measured in our
location. But even after applying all kind of correction available in the literature,
we have found that it is very difficult to generalize a model to achieve a diurnal
variation which is very close to global unitary variation. The possible reasons
behind this failure are also discussed at the present work.

2 Selection of fair-weather data

In our laboratory, both the instrument namely aethalometer and electric field mill
are recording data for atmospheric Black Carbon (BC) aerosol concentration and
VEF, respectively. The VEF data is available from July 2009 to till date and BC
concentration data from September 2010 to till date. So VEF data is available for
more than 5 years and BC data for more than 4 years. Out of the total dataset,
in our present study, we have considered only data from September 2010 to
September 2013. From the whole period, only 32 days are selected and included
for analysis in the present work. When no precipitation and local thunderstorm
activity was present within 24 hours of a day, the day was considered as fair
weather day. We also excluded days with heavy and lightly fog, patches fog,
light drizzle and partial cloud. If any one of the above conditions were not
satisfied for any time during the whole period of any day, the entire data of that
day was excluded from the analysis. We have also considered the magnitude
of vertical electric field for whole day to select fair-weather day. In a whole
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day data, if at any time, the magnitude of the electric field became negative
for any duration due to any scattered cloud, the day was not considered for the
present analysis. Considering all these criteria for selecting fair weather days
we have selected more than 32 days as fair-weather day. But we have excluded
some of those fair weather days from the present analysis as BC data of those
corresponding days were not available or not of good quality. Also VEF data of
the whole day was not available for some of the selected fair weather days and
hence not considered in analysis. This way, we selected only 32 days for the
present analysis.

3 Local Meteorological Conditions

The local meteorological conditions during all fair weather days under consid-
eration for the present analysis were completely calm without any disturbance.
Figure 1 shows the mean diurnal variation with standard deviations from re-
spective mean for temperature and relative humidity of all the fair weather days
selected for analysis. The dynamic range of the diurnal variation of wind speed
is generally very low with magnitude of around 0.9 m/s. It reaches at the peak
value at 09:30 UT which is the local afternoon period. The temperature and
the relative humidity show completely opposite nature of diurnal variation. The
temperature shows its maximum value of 29.24◦C at 09:30 UT when the relative
humidity reaches its minimum value.
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Figure 2: (a) Diurnal variation of VEF of Carnegie voyages (b) Diurnal variation of fair weather 462 
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Figure 1. Monthly variation of temperature (◦C) and relative humidity (RH %)
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4 Instrumentation

The instruments used in the present study to measure the atmospheric Black
Carbon (BC) aerosol and the atmospheric VEF are one aethalometer and one
Boltek EFM–100 atmospheric Electric Field Monitor (EFM). The field mill is
installed at the roof of the building of the Department of Physics, Tripura Uni-
versity at a height of 15 meter from ground, (Lat: 23.50◦N, Long: 91.25◦E). The
sensors of EFM consist of six metallic plates that are exposed to the quasi-DC
atmospheric electric field. Six electronically controlled mechanically grounded
conductive choppers are used to alternately shield and expose six sensor plates
to the atmospheric electric field. Alternate exposure and shielding of the sensor
electrodes generate a to and fro motion of charge between the ground and sense
plate through a high value resistance. This moving charge constitutes an AC cur-
rent that appears as an AC voltage across the sense resistor. The magnitude of
this AC current and the corresponding AC voltage is proportional to the strength
of the DC atmospheric electric field. This voltage is amplified and fed into an
analog to digital converter. The data is stored in the computer with a sampling
rate of one data per second. The internal clock of the computer is synchronized
with a GPS receiver. The EFM can measure the electric field variation up to the
range of -1.28 kVm−1 to +1.28 kVm−1, with a resolution of 10 Vm−1 at the
roof, where it is located. The EFM is capable of detecting lightning discharge
within a radius of 30 km.

In the above analysis, it is customary to have VEF data near the ground but
our instrument is situated at a height of 15 meter from the ground. To obtain
the correct magnitude of the VEF value near ground level, the site for the field
mill should be large flat open field that has no building, trees, shrubs, tall grass,
or other obstructions. The EFM site should be such that the distance to the
nearest growing obstruction such as trees and shrubs, is at least three times the
anticipated mature height of the object. Also non-growing structure such as tall
building should be three time as far as they are tall. Considering all these factors,
such suitable place was not found inside the University compound to set up field
mill near the ground and consequently it was set up in the roof of the building
of Department of Physics. Beside the advantage of getting a site without high
obstructions, the roof top have some more advantages like convenience location,
protection from inadvertent damage to the EFM and protection from vandalism.

Setting up of field mill on the roof creates a disadvantage of electric field en-
hancement associated with elevated installation. So, it was necessary to correct
the electric field enhancement that occurred due setting up the EFM in the roof.
To perform this, at first we set up the field mill near the ground level at suitable
site far from large obstruction. By comparing the electric field value obtained in
this site and that obtained on the roof we computed the scaling factor. Using this
scaling factor, we converted the VEF value on roof of the building into the VEF
value at the ground surface.

288



Fair-Weather Atmospheric Electricity: A Study from Northeast India

The aethalometer is an instrument that measures the rate of change of optical
transmission through a spot on a filter on which aerosol is continuously col-
lected and converts this to the concentration of optically absorbing material in
the sampled air stream. The instrument measures the transmitted light intensi-
ties through the ‘sensing’ portion of the filter, on which the aerosol spot is being
collected, and a ‘reference’ portion of the filter, as a check on the stability of the
optical source. A mass flow meter monitors the sample air flow rate. The data
from these three measurements is used in the calculations to determine the mean
black carbon content of the air stream. The air stream provided are collected
through an inlet at a constant flow rate of 3.9 liter per minute which is placed on
the roof of the Department of Physics, Tripura University at a height of 15 m.
from the ground. The aethalometer measures the BC concentration in ng/m3.

5 Methodology of Analysis

Some of the workers [3] have developed a methodology to distinguish global and
local effects on VEF using a theoretical relationship between aerosol concentra-
tion and VEF. Inspired from their approach, we also attempted similar methodol-
ogy to separate out the two contributing factors on VEF and to retrieve the global
contribution from lower ionosphere. Natural variations in aerosol concentrations
in the PBL result in changes in ion concentrations due to ion-aerosol attachment
process in the atmosphere. Consequently, the variations of aerosol concentration
near the ground are a highly contributing factor for change in ion-concentration
and hence the atmospheric conductivity by reducing a large proportion of ions
from atmosphere. There is a linear relationship between aerosol particle mass
concentration (M) and VEF [5] (Harrison and Aplin, 2002) given by

PG =

[
3

8πρr3

β

µe

(
Js
q

)]
M , (1)

where M is the aerosol particle mass concentration, r – the particle radius, Js –
the air-Earth current density, µ – the mean ion mobility, ρ – the particle density,
β – the ion-aerosol attachment coefficient and q – the ionization rate. It is to
be noted that this linear relationship between VEF and Massumes a constant
aerosol size distribution. In present analysis, we have considered only Black
Carbon (BC) aerosol with size less than 1 µm. From equation (1) it is clear that,
if we consider all quantities inside the bracket as constant, the VEF is directly
proportional to the aerosol mass concentration. Considering this is true for BC
concentration also, we first assume the linear relationship between VEF and BC
mass concentration to hold good for the present work. In this linear relationship
zero BC concentration corresponds to a VEF value that can be considered as an
ideal fair weather VEF without any modulation by aerosol particle present at the
planetary boundary layer. The diurnal variation of this VEF corresponding to
zero BC concentration can be considered as a diurnal fair weather VEF varia-
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tion and could be compared with universal Carnegie variation. So, we tried to
find the VEF value in fair weather condition from the correlation between BC
concentration and VEF.

In the analysis process, first we have found out the correlation between five
minute averaged data of BC and VEF data selected over 32 fair weather days.
By this process we came up with 288 correlation coefficients for the whole day
as we computed the correlation coefficient for each five minute. Among these
288 correlation coefficient data, we omitted those data having correlation coef-
ficient less than certain value and considered only those data having correlation
coefficient greater than this value. From the correlation between BC and VEF
from all data having correlation coefficient greater than the considered value, a
linear equation is obtained as given below.

Y = mX + C . (2)

In equation (2), Y corresponds to VEF in Vm−1 and X corresponds to BC in
µgm−3. From the equation (2) the second term, i.e. C at right side corresponds
to the VEF value with zero BC concentration.

We used equation (2) to find the VEF variation in fair weather condition by
removing the BC effect. To do so, we multiplied the BC data of one fair weather
day by the coefficient of X in equation (2) and the result of this multiplication is
subtracted from the VEF data of that particular day. The result of this operation
is expected to be the diurnal VEF data in fair weather for that day, in which
the effect of BC aerosol is minimized. By using this process, we computed
the diurnal fair weather VEF data set for all the 32 fair weather days. Then an
average is obtained over the 32 day VEF data to get a mean diurnal VEF variation
in fair weather condition at our location. In the above process of correction to
raw VEF data, we have applied the correction to those times of a particular
day, when the correlation coefficient between BC concentration and VEF for
all 32 days is greater than a certain value. We have varied this certain value
of correlation coefficient to check when the corrected VEF, average on all 32
days, is closer to universal diurnal variation of VEF. The values of these selected
correlation coefficients are given in Table 1.

Table 1. Correlation between corrected diurnal VEF variation and Carnegie diurnal vari-
ation

Correction correlation coefficient Correlation coefficient between corrected
between BC and VEF diurnal VEF and Carnegie unitary diurnal variation

>0.5 0.002
>0.6 0.15
>0.7 0.27
>0.8 0.23
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6 Results

Figure 2 shows mean diurnal variation of fair weather VEF for 32 selected days
at our location (Figure 2b) with unitary diurnal variation of Carnegie (Figure 2a).
Figure 2b shows a large peak at around 13:00 UT (18:30 IST) with VEF value of
194.4 Vm−1. A minimum is found at around 23:00 UT (4:30 IST) with the VEF
value of 67.57 Vm−1.The mean value of VEF is 114.75 Vm−1 with a standard
deviation of 36.8 Vm−1. The maximum value of VEF is 194.4 Vm−1 that occurs
at 13:00 UT. The dynamic range of the VEF value is 126.83 Vm−1.
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Figure 2: (a) Diurnal variation of VEF of Carnegie voyages (b) Diurnal variation of fair weather 462 
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Figure 2. (a) Diurnal variation of VEF of Carnegie voyages; (b) Diurnal variation of
fair weather VEF at Tripura University site for 32 fair-weather days (September, 2010 to
September, 2013).

Figure 3 shows diurnal fair weather BC aerosol concentration at our location,
with vertical bars as standard deviations of the respective mean. The diurnal cy-
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Figure 4: Corrected diurnal variation of VEF. (a) Correction applied to the time corresponding 483 
correlation coefficient between BC and VEF greater than 0.5. (b) Correction applied to the time 484 
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Figure 3. Diurnal variation of fair weather Black Carbon (BC) concentration at Tripura
University site for 32 fair-weather days (September, 2010 to September, 2013).
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cle of BC variation shows dual peak, one in the morning and a strong peak in the
evening. The morning peak occurs between 1:00-2:00 UT and the evening peak
at around 14:00-16:00 UT. In local times, these two peaks occur between 6:30 –
7:30 IST and 19:30 – 21:30 IST respectively. It reveals that BC concentration is
high during morning and evening periods of local time. The BC concentration
shows the enhancement during 00:30 UT (6:00 IST) to 2:30 UT (8:00 IST) and
a decreasing trend afterwards till noon. The BC concentration remains almost
constant till late noon and start increasing again at around 12:30 UT (18:00 IST)
till midnight. Diurnal variation of BC suggest that the concentrations on fair-
weather days reach lowest value up to ∼ 4.99 µg.m−3 and highest value up to
∼ 36.76 µg.m−3 during local noon (06:30 to 8:30 UT) and evening hours (14:00
to 16:00 UT) respectively. BC concentration is high during nighttime compare to
daytime. During early morning, the ventilation effect within the boundary layer
brings in aerosol from the nighttime residual layer and as a result high value of
BC is attributed in the early morning. As soon after sunrise, the concentration
starts decreasing. Low values of BC during afternoon hours have been attributed
to the dispersion of aerosols due to the turbulence caused by the solar heating
which breaks the night time stable layer, and also due to increase in boundary
layer height in addition to the low traffic density [6].

Figure 4 represents the bar plot of the corrected diurnal VEF variation removing
BC effect after applying correction at different times in the diurnal raw VEF. Ta-
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Figure 4. Corrected diurnal variation of VEF: (a) Correction applied to the time corre-
sponding correlation coefficient between BC and VEF greater than 0.5; (b) Correction
applied to the time corresponding correlation coefficient between BC and VEF greater
than 0.6; (c) Correction applied to the time corresponding correlation coefficient between
BC and VEF greater than 0.7; (d) Correction applied to the time corresponding correla-
tion coefficient between BC and VEF greater than 0.8.

292



Fair-Weather Atmospheric Electricity: A Study from Northeast India

12 
 

 492 

 493 

 494 

 495 

Figure 5: Correlation plot between VEF of Carnegie voyages and corrected VEF at Tripura 496 

University site for four different corrections. Horizontal axis represents Carnegie VEF and 497 

vertical axis represents VEF at Tripura University site. 498 
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Figure 6: Diurnal variation of positive air-ion conductivity (σ+) near ground at Tripura University site as 501 

shown in Guha et al., 2010. 502 

 503 

Figure 5. Correlation plot between VEF of Carnegie voyages and corrected VEF at
Tripura University site for four different corrections. Horizontal axis represents Carnegie
VEF and vertical axis represents VEF at Tripura University site.

ble 1 shows correlation coefficient between corrected diurnal VEF and diurnal
Carnegie variation. The correlation plot for four different corrections applied as
tabulated in Table 1 is depicted in Figure 5. But this correlation is very poor im-
plying that the correction would not able to improve the fair weather raw VEF in
our location to achieve universal diurnal variation of VEF. The corrected diurnal
VEF shows maximum correlation (0.27) with Carnegie diurnal variation of VEF
when correction is applied at the times corresponding to which correlation coef-
ficient between BC and VEF greater than 0.7 (Figure 4c) and the corresponding
scatter plot is shown in Figure 5c. The poor correlation (0.00197) is obtained
when correction is applied at the times corresponding to which correlation coef-
ficient between BC and VEF is greater than 0.5 (Figure 4a).

7 Discussion

The average diurnal variation of VEF near the ground in fair weather condition,
also known as Carnegie variation, follows closely the global diurnal variation of
thunderstorm activities. This unitary global variation of VEF exhibits a maxi-
mum around 19-20 UT and a minimum around 3-4 UT. If the atmospheric elec-
tricity parameters do not follow universal Carnegie variation, then it is believed
that the parameters are not representing the global thunder storm activity [7,8].
There is an appreciable difference between the ocean and land measurement of
atmospheric electric field and this is attributed to the established differences in
aerosol and associated air conductivity in these two measurements [7,9]. The
global pattern of Carnegie variation are highly suppressed by disturbed weather
condition, local changes by aerosol due to pollution and changes due to space
charge and radioactive pollution etc. [4]. So, land measurement of atmospheric
electric field is highly contaminated by local aerosol effects. Also in the polluted
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sites, increased electric field is expected due to local aerosol effect, reducing the
electrical conductivity [10]. Therefore, it is very difficult by land observation
to get a diurnal atmospheric electric field variation representative of worldwide
diurnal thunderstorm activity which is closely related to universal Carnegie vari-
ation.

The background conductivity of any location occurs mainly due to cosmic rays
and radioactive emission from the ground [11,12]. But atmospheric aerosol
plays an important role for alteration of atmospheric conductivity of any loca-
tion by removing small ions. So, a change in aerosol concentration might cause
a change in VEF [13]. Consequently the fair weather VEF shows its deviation
from the global unitary diurnal variation and represents a diurnal variation of
VEF, which is the characteristic of that particular location. In fact, the diurnal
variation of VEF in fair weather at the surface level of the Earth usually dis-
plays a characteristic that results from a combination of local and global factors.
These factors include the environmental characteristics of the observational site
(especially aerosol number concentration and level of background radioactiv-
ity) and global thunderstorm activity [14], all of which have different temporal
variability. The diurnal variation of atmospheric aerosol is highly dependent on
the boundary layer dynamics and local meteorological conditions. As shown in
Figure 3, BC concentration at our location also shows a diurnal variation hav-
ing dual peak diurnal cycle with a morning peak (1:00-2:00 UT) and a strong
evening peak (14:00-16:00 UT). So this diurnal variation of local aerosol con-
centration may cause more complex diurnal VEF variation.

It is to be noted that the modulation of atmospheric conductivity by aerosol
for any location is not uniform for whole the day and shows different modu-
lation patterns in different period of the day. Further, conductivity modulation
by aerosol is not linearly related with the aerosol concentration [14]. In this
study, we have considered the BC concentration as proxy measure of the aerosol
concentration in our location. Here, the diurnal variation of BC concentration
shows a dual peak behavior, having one peak in the morning (2 UT) and other
peak in the evening (15 UT). But the evening peak concentration is much higher
than the morning peak. The diurnal variation of fair weather VEF also shows
a prominent peak at 15 UT which is the time of evening peak (15 UT) of diur-
nal BC variation. As the higher concentration of aerosol in the evening reduces
the atmospheric electrical conductivity, fair weather VEF increases presenting
a peak at that time. As the BC concentration is high during morning (2 UT),
one can expect an increase in VEF at that time also. But, the diurnal variation
of VEF does not show any peak around 2 UT, at the time of morning peak of
diurnal BC variation. It is clear that the modulation of atmospheric conductivity
by aerosol is not explicit in the morning, though the BC concentration is high.
It indicates that there must be some threshold value of aerosol concentration,
above which, it can modify the atmospheric conductivity and consequently the
fair weather VEF. When BC concentration remain below this threshold value,
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the atmospheric conductivity does not show any prominent modification which
can be manifested in diurnal VEF variation. Thus at this time, the diurnal varia-
tion of VEF may follow its global variation without any modulation by aerosol.
Thus in land station atmospheric aerosol, by reducing atmospheric conductivity,
plays an important role of obstruction to get global unitary variation of VEF.
Now, one can get a diurnal variation of VEF, similar to unitary global variation,
having a peak at 19 UT from land observation. But it does not guarantee that
diurnal VEF from land observation represent unitary global variation. It could
be because of the fact that the time of maxima in the diurnal variation of the
VEF might coincide with the time of peak in the diurnal variation of aerosol
concentration.

To obtain a global unitary variation of fair weather VEF from land observation,
one may approach by considering a simple model. In this model, the effect of
conductivity variation on VEF can be eliminated to get the globally representa-
tive unitary variation. The modification of atmospheric conductivity by aerosol
is not same over a complete diurnal cycle. So the assumption of a constant con-
ductivity modification for whole the day in the model might result in a diurnal
variation of VEF, which is highly deviated from the global variation. Some of
the available literatures [3] have applied an approach to distinguish global and
local effects on VEF using a theoretical relationship between aerosol concentra-
tion and VEF and demanded the success of removing the effects of conductiv-
ity modulation by aerosol from VEF by separating the global and local factors
from land observation of VEF. In their approach, they used a linear relationship
between aerosol particle mass concentration (M) and VEF [5]. This approach
could be well applicable when the term inside the bracket (in equation 1) is as-
sumed to be constant. Also the atmospheric conductivity must be considered to
follow aerosol mass concentration inversely with a linear relationship.

Following the similar approach, we have tried to separate out the two contribut-
ing factors on VEF and get the more global contribution to the VEF diurnal
cycle. In the present study, we have not considered the total aerosol mass con-
centration in our location as this data is not available to us. So, we have con-
sidered only Black Carbon (BC) aerosol with size less than 1 µm. This BC is
one of the important components of total aerosol in any location. We observed
one prominent peak around 13 UT and a minimum value of diurnal VEF around
50 V/m, which is not expected in fair-weather period. This occurrence of such
low value of VEF in diurnal variation of VEF might have occurred due to the
application of same correction of VEF for conductivity modulation during the
whole day. In the above approach, we have considered that the VEF is having
a linear relation with aerosol mass concentration. The atmospheric conductivity
is related to aerosol mass concentration in a very complex fashion and hence
assumption of linear dependence of VEF on aerosol mass concentration is not
valid for whole the day. That is why, when we have separated the aerosol con-
centration dependent part of VEF from actual raw VEF data, at some instant of
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the day the VEF shows very low value. From Table 1, it is clear that in spite of
application of correction to diurnal VEF for different time of the day, we have
not come up with any acceptable and remarkable improvement in the diurnal
variation of VEF. Also, the correlation coefficient of corrected VEF, after ap-
plying this type of correction, with Carnegie universal diurnal variation of VEF
shows very low value. Such variation cannot be considered to be coherent with
universal diurnal variation of VEF.

We also gradually changed the times of application of correction to raw VEF de-
pending upon correlation coefficients. With this process; we expected a gradual
improvement in the diurnal variation of VEF. Although, we got very little im-
provement by changing the time of correction, but it is not sufficient to demand
that this gradual improvement points towards the unitary global variation. On
the other hand, this gradual improvement, by changing the time of correction to
raw VEF, suggests that one cannot achieve a diurnal variation of VEF very close
to global variation, by using this type of correction. The application of same
type of correction over the complete day might lead to very low values of VEF
at some times of the day when VEF is not correlated with BC concentration. As
a consequence, the corrected diurnal variation of VEF appears with so low value
(< 25 Vm−1) of VEF at some time of the day, which can never be accepted as
fair weather VEF.

In our location, for the first time in north-East India, Guha et al. [4] showed that
the diurnal variation of fair weather VEF had two distinct maxima around 14
UT and 20 UT and a minimum around 3UT. In the present analysis we also have
found a peak around 13 UT in the diurnal variation of fair weather VEF at the
same Tripura University site as shown in Figure 2(b). But due to contamination
of our fair weather VEF data by the local aerosol effect, the fair weather VEF
variation is very much deviated from universal VEF variation. As our obser-
vational site is a land station and moderately polluted, the local aerosol effects
contaminate the atmospheric electric field data and hence the deviation from uni-
versal variation is expected. Although the diurnal variation of aerosol concen-
tration was not shown in Guha et al. [4], a clear diurnal variation of atmospheric
conductivity was observed in their study as shown in Figure 6. They showed a
resemblance between local diurnal variation of VEF and Carnegie variation with
a correlation coefficient of +0.7 and claimed to achieve similar diurnal variation
of VEF with Carnegie variation to some extent. But this should not be taken for
granted beyond any doubt that diurnal variation of VEF in Guha et al. [4] was
very close to universal Carnegie variation. They also raised their doubt whether
the diurnal variation of VEF observed by them was really representing the uni-
tary diurnal variation of ionospheric potential or totally controlled by aerosol
variation in the boundary layer. From the correlation study of VEF over large
number of station pair from land observation, Bhartendu [16] showed very low
correlation coefficients between the station pairs. Then, he came to conclusion
that the fluctuation in VEF induced by the modulation of local columnar resis-
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Figure 6. Diurnal variation of positive air-ion conductivity (σ+) near ground at Tripura
University site as shown in Guha et al., 2010.

tance and conductivity may be responsible for this low correlation and the three
years of data are not sufficient to reduce the fluctuation. Thus, it is very difficult
to find good correlation among VEF data from various land locations as moun-
tains; deserts etc. in vicinity to measurement site can intercede to modify the
VEF value [17].

8 Conclusion

The VEF data from land observations are highly contaminated by different local
factors like local meteorological conditions, atmospheric aerosols etc. In fair
weather conditions, the atmospheric aerosol play a major role to modulate the
VEF data by reducing the conductivity and consequently the diurnal variation
of VEF does not follow the universal global variation of VEF. The mechanism
to remove the aerosol effect from VEF has its own advantage to remove the
effect of aerosol from VEF data. But this mechanism should be applied in a
more sophisticated way to those times of the diurnal cycle when VEF is highly
correlated with aerosol concentration. Otherwise, it might be difficult to retrieve
the global contribution into VEF diurnal cycle and may result in unexpected
magnitude in fair weather. Such a methodology of considering variable electrical
conductivity in the model, originating from the aerosol concentration at the PBL
is in process and will be reported as a separated work. Once in place, we might
have a proper correction algorithm to extract the global variation of ionospheric
potential from land based observatories also.
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