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Abstract

All Sky Imager (ASI) data of over 351 nights with OI 630.0 nm emission recorded during 2011 to 2015 (increasing phase of 24th solar
cycle) are analyzed to study the percentage occurrence of EPBs. The ASI is installed at low latitude station Kolhapur (16.8 �N, 74.2 �E,
10.6� dip. Lat.) which has 140� field of view (FOV). In this paper we have studied hourly, daily, seasonal and yearly percentage of occur-
rence of EPBs and their variation with solar and magnetic activity. The EPBs onset occurs at around 20:00 IST and extends towards
dawn with a peak around midnight. We analyzed all the disturbed nights (Ap > 18) from the period of 2011 to 2015 and observed that
the magnetic activity suppresses the occurrence of EPBs. Also the EPBs are fairly correlated with solar activity (10.7 cm solar flux).
� 2017 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The Ionospheric irregularities which cause disturbances
in the radio signals have been monitored and studied using
different techniques such as ASI (e.g. Sahai et al., 1994;
Mukherjee et al., 1998), GPS (L-band scintillation) (e.g.
Rama Rao et al., 2006, Haase et al., 2011), VHF scintilla-
tion technique (e.g. Chakraborty et al., 1999; Iyer et al.,
2006; Chavan et al., 2016) in the past. This Ionospheric
irregularity is generated at or near the magnetic equator
in the post sunset period and they move upward with
respect to ambient plasma in the equatorial ionosphere
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due to Rayleigh Taylor instability (Sinha et al., 1996). As
they grow in altitude, the irregularities expand towards
the poles aligning the magnetic field lines and appears as
depletions in optical intensity (OI 630.0 nm) as seen in air-
glow images which are commonly referred to as equatorial
plasma bubbles (EPBs) (Makela and Miller, 2008). The OI
630.0 nm emission is produced in the bottom side of the
F-region (250–300 km) by the dissociative recombination
of Oþ

2 with electrons. The reaction mechanism is as given
below,

Oþ
2 þ e ! Oþ O� ð1Þ

O� ! Oþ htð630:0 nmÞ ð2Þ
where * indicates an excited state which is responsible for
the ionospheric OI 630.0 nm emission (Pimenta et al.,
2001).
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Understanding the daily and seasonal variations in the
occurrence of EPBs at a particular location is very impor-
tant as it causes severe interference and abrupt disruption
in trans-ionospheric radio propagation and thus affects
the navigation and communication systems (Ghodpage
et al., 2014). Recent studies indicate that a suitable condi-
tion for EPB growth is bottom side spread F (BSSF) which
is a function of the F region dynamo electric field and this
field is dependent on magnetic activity and on season
(Whalen, 2002). The requirements for R-T instability
growth are post sunset rise of the F region, the availability
of a seed perturbation to trigger the R-T mechanism and
the absence of a strong transequatorial thermospheric wind
(Mendillo et al., 1992). Several investigators studied the
day to day variability of the occurrence of EPBs during
geomagnetically quite and disturbed conditions in the
Brazilian sector (e.g. Fagundes et al., 1999; Abalde et al.,
2009). Sahai et al. (1994) presented the seasonal variation
of occurrence of EPBs recorded by OI 630.0 nm airglow
emission at Cachoeira Paulista, Brazil during March
1987–July 1989 (the ascending phase of 22nd solar cycle).
Patra et al. (2005), studied the simultaneous observations
of ESF irregularities made using 18 MHz radar operated
at the equatorial station Trivandrum (77 �E, 8.5 �N, 0.5 �
N dip. Lat.) and 53 MHz radar at Gadanki (79.2 �E,
13.5 �N, 12.5 �N dip. Lat.). They found that the spread F
irregularities at both the locations are found to occur
nearly at the same time but are observed for longer dura-
tion at Gadanki that at Trivandrum. Also, Patra et al.,
(2012) reported first observations of field aligned irregular-
ities (FAIs) made with E-W scanning capability of
Gadanki Ionospheric Radar Interferometer (GIRI) and
studied its origin, evolution and drift velocity. Taori et al.
(2013), reported first measurement of mesospheric waves
(using OI 557.7 nm airglow emission) and thermospheric
measurements (using OI 630.0 nm airglow emission)
recorded using All Sky Imager (ASI) with 150� FOV from
Gadanki (13.51 �N, 79.21 �E) and studied the possible
linkage of mesospheric waves to F-region plasma deple-
tions. Further, Taori et al. (2015), analyzed an EPB event
using multi-station optical data from Kolhapur (16.8 �N,
74.2 �E, 10.6� dip. Lat.), Gadanki (79.2 �E, 13.5 �N,
12.5 �N dip. Lat.) and Ranchi (23.3 �N, 85.3 �E) and
observed the tilted E-W wave structures propagating
towards the equator and this could be the possible cause
behind the observed EPB events over low latitudes of
Indian region. Recently, Narayanans et al., (2017) studied
the airglow observations carried out from Panhala (16.8 �
N, 74.1 �E, 11.1 �N dip. Lat.) station which is very near
to Kolhapur. They examined different aspects of EPBs such
as drift, Inter depletion distance (IDD), tilt angles etc, to
study the evolution of EPBs. These observations were
made in low solar activity conditions in year 2008 where
they observed the lack of significant PRE determined by
Ionosonde Tirunelveli (1.1 �N dip. Lat.). In spite of this
the EPBs are observed in All Sky Imager operated at
Panhala station. Xiong et al. (2010), studied the EPBs
occurrence rate using Challenging Mini-satellite Payload
(CHAMP) and Gravity Recovery and Climate Experiment
(GRACE) satellites during the years 2001–2009 which lies
in 23rd solar cycle and they found that the occurrence rate
increases linearly with solar flux at the same rate for both
the satellites. Also Kumar (2017) recently studied EPB
occurrence rate during the years 2007–2009 using slant
TEC data over Indian region and reveals that solar activity
influence of EPB occurrence is seasonal dependent with a
maximum influence during equinox (0.88) and minimum
during winter (0.73).

However, in the past, long time variation in occurrences
of EPBs of about five years studied using optical data (ASI
630.0 nm emission) has not been addressed over Indian
region. In the present study we have used ASI data
recorded from a low latitude station Kolhapur (16.8 �N,
74.2 �E, 10.6� dip. Lat.) with nightglow OI 630.0 nm emis-
sion for the period of 2011 to 2015 (the ascending phase of
24th solar cycle). Kolhapur is located in between the dip
equator and the northern crest of the equatorial ionization
anomaly (EIA) thus it is a unique place to study the
electro-dynamical coupling in E and F region using night-
glow OI 630.0 nm emission data (Nade et al., 2013). Earlier
Sharma et al. (2014) from the same location reported the
occurrence of EPBs for the period of October 2010 to
May 2012 and observed that the occurrence in equinox sea-
son is possibly associated with solar activity. On the other
hand, recently Patil et al. (2016) using the same setup
observed the percentage occurrence of EPBs during Jan-
uary to April 2012 to vary between 29 and 56 percentage.
They also noticed the positive correlation of occurrences
and drift of EPBs with solar flux while there is negative
correlation of the same with Ap values. However this paper
presents the analysis of 351 nights of observations during
(2011–2015) of all sky imager data. Study of hourly,
seasonal and yearly percentage occurrence of EPBs and
their variation with solar and geomagnetic activity, has
been made.

2. Instrumentation

2.1. All Sky Imager

The ASI is operated for 7 nights before and after the
new moon night. ASI, high resolution (1024 � 1024 pixels)
Charge Coupled Device (CCD) based, has 140� field of
view (FOV) and covers a angle range of about ±70�
around zenith. It corresponds to horizontal distance of
about nearly 1220 km in diameter at an altitude of
250 km (Fig. 1). The CCD detector is back-illuminated
with an array of 1024 � 1024 pixels (quantum efficiency
greater than 95percentage) and 16 bits resolution. Before
the operation, dark counts are reduced by thermo-electric
cooling (�80 �C) of CCD. The detailed information of
ASI has been introduced by Ghodpage et al. (2014). The
ASI images are processed using the averaging method
which includes different steps. Firstly, we make auto-level



Fig. 1. The all sky imager covers a zenith angle range of about 70� (140�
FOV). This corresponds to horizontal distance about nearly 1220 km in
diameter at an altitude of 250 km.
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(adjusting brightness-contrast) of the raw images in Adobe
Photoshop (CS2) to get the EPB structures which are ini-
tially faint. We properly align the images with rotating
angle 8.2� anticlockwise and then flipped horizontally to
get the desired E-W direction. Finally, we average the
one hour image data (10 images with 06 min time interval)
and subtract individual images from the averaged image to
get the final image. This will give a sharp and more clear
structures of EPBs aligned in N-S direction. The sequences
of processed images are shown in Fig. 2. The yellow arrow
indicates the motion of EPBs towards east. The more
detailed information of ASI and the processing method
can be found in Sharma et al. (2014).
2.2. VHF scintillation

The regular observations of amplitude scintillation at
251 MHz signal transmitted by UFO2 geostationary satel-
lite (71.2� E) has been carried out for last few years at Kol-
hapur. The system consists of- two identical receivers with
eleven element Yagi-Uda antennae, spaced nearly 300 m
apart in magnetic east-west direction. The signal is
recorded using sampling rate of 20 Hz. Scintillations in
the radio signal are calculated by a parameter called S4-
index (S4). It is the root mean squared standard deviation
of intensity of the signal which indicates the strength of
amplitude scintillation (Wernik et al. (2004)).
3. Method of data analysis

The occurrence of irregularities (EPBs) at any station
situated off the magnetic equator depends on the height
to which EPBs develop under E � B (Sushil kumar and
Gwal 2000). The geometry of apex height and ray path
for the present location indicates that the EPBs must grow
over magnetic equator to about 300–400 km to observe the
EPBs at this station. During a night of observation, ASI
records around 100 images with difference of �06:00 min
for the period of 19:00–05:00 IST. The onset of EPBs can
be seen by observing the ASI images.

Here, we have calculated the percentage occurrence as
the number of OI 630.0 nm images in which at least one
EPB structure is present divided by the total number of
images recorded during whole night and multiplied by
100 (Sharma et al., 2014). The one hour images are
grouped and the presence of EPBs is observed in every
one hour data from 19:00 IST to 05:00 IST for each night.
This hourly percentage occurrence has been calculated by
observing the number of images for every hour in which
EPBs are present during whole night divided by total num-
ber of images in that one hour and multiplied by 100. The
sample plot of daily percentage occurrence (hourly) for the
whole night of 30–31 March 2011 is shown in Fig. 3. The
peak of the occurrence lies near mid-night period and grad-
ually decreases towards dawn period. This means that the
density of EPBs increases from 20:00 IST (onset) giving
peak around mid-night and further decreases towards
dawn period.
4. Results and discussion

4.1. The hourly percentage occurrence of EPBs

As discussed in the method of analysis section, the
hourly percentage occurrence of EPBs for all the observa-
tion nights for all years is calculated and plotted as con-
tours shown in Fig. 4. The ASI is not operated in rainy
seasons (June to September). In May, there is no occur-
rence of EPBs during the observation nights for this loca-
tion. So, the months from May to September are not
included in this analysis. In addition to this, as shown in
Fig. 4, the data from October 2013 to March 2014 are
not available due to instrument problem. The blue portions
in the contours depict the zero occurrences of EPBs and red
represents maximum occurrence. In the year 2011 and 2012
(ascending phase of 24th solar cycle), the onset of EPBs
was observed around 20:00 IST and it is extended towards
remaining course of night with peak around pre-midnight.
In February 2013, the occurrence was almost zero. In the
year 2014, the occurrence seems to be dense in the Novem-
ber but the occurrence in the December is quite lesser.
Moving on to the year 2015 which is near solar maximum
year of 24th solar cycle, the occurrence seems to be
increased in January to March. Further in October and
November, occurrence of EPBs was zero. According to
theory of Tsunoda (1985) the ESF season occur at a given
location when the sunset terminator is approximately
aligned with the geomagnetic flux tubes which mean that
the occurrence of EPBs should be maximum in the



Fig. 2. Sequences of processed images of OI 630.0 nm emissions recorded by ASI on 16–17 Feb 2015, shows signatures of EPBs moving eastward as
indicated by yellow horizontal arrows. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 3. The daily % Occurrence of EPBs for the night of 30–31 March 2011.
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Equinox months. In the October months of every year
except 2014 (due to data unavailability) the EPBs are fairly
observed. However in the month of October 2015 the EPBs
were not observed. From previous literature, it is believed
that the small scale structures are present near the steep
walls of EPBs which often degrades the communication
(Dandekar and Groves 2004). Vijaykumar et al. (2007)
studied the plasma bubble induced scintillation (PBI) dur-
ing the AICPITS campaigns of 1991 and observed the peri-
odic variation in VHF scintillation with saturated S4 index
as 1.2 and dropping to as low as 0.2. This shows that scin-
tillation patch itself has structures. These patches are fairly



Fig. 4. The hourly % occurrence of EPBs for the days of observations for the five years 2011–2015. Blue portion indicates the absence of EPBs. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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associated with the appearance of periodic EPBs. To
understand the cause behind the absence of EPBs on
February 2013, December 2014 and October, November
2015, we have checked the scintillation indices (S4) from
the VHF data of same location for the corresponding
months. The S4 index can be classified into three categories
as, weak (0.15 � S4 � 0.3), moderate (0.3 � S4 � 0.5) and
strong (0.5 � S4 � 1) (Bhattacharyya et al. (2003)). We
found that S4 indices were moderate (�0.5) in these
months. We also observed the S4 indices as stronger
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(S4 � 0.5) on the nights in which EPBs are present. Thus,
the absence of EPBs could be confirmed due to weak or
moderate scintillation over Kolhapur.

Sun et al. (2016) reported the statistical analysis of EPBs
using ASI networks over Chinese longitude sector which
has nearly similar magnetic and geographic latitudes to
our observation site with longitude difference of 20–32�.
They observed that, the percentage occurrence of EPBs
was 8.3% for 2013 and 17.2% for 2014. It is as low as
10% in November and zero in December months of 2012,
2013 and 2014. This shows discrepancy with that of occur-
rence studied by Sharma et al. (2014) as well as with the
present studies. This discrepancy is might be due to the dif-
ference in their longitudes.

4.2. The daily averaged percentage occurrence of EPBs

We have studied the daily averaged percentage occur-
rence of EPBs and compared it with corresponding
10.7 cm solar flux as shown in Fig. 5. It is calculated by
adding the number of images during whole night in which
at least one EPB is observed divided by total number of
images recorded on that night and multiplied by 100. The
summary of data considered for the present study is shown
in Table 1. The bottom panel in Fig. 5 is the daily averaged
percentage occurrence of EPBs during all the nights of
observations from 2011 to 2015. The top panel is the
10.7 cm solar flux for corresponding nights of observations.
Fig. 5. The daily averaged % occurr
The yellow colored portion depicts the percentage occur-
rence for the year 2014 (solar maximum year). In the begin-
ning years 2011 to 2013, the percentage occurrence seems
to be fairly associated with 10.7 cm solar flux as reported
by Sharma et al. (2014). But in the year 2014, the percent-
age occurrence seems to be quite suppressed as compared
to all other years. Fejer et al. (1999) proposed that the max-
imum Vp (vertical drift) is larger and smaller under quiet
and disturbed conditions respectively during High Solar
Activity (HSA) period. In the present observation, in spite
of solar maximum year 2014 we observed fewer occur-
rences of EPBs as compared to all other years. This is
due to data loss in October, November and December
2013 and January, February and March 2014. If we had
a regular data without loss then we could expect the higher
occurrence rate in the year 2014.

4.3. Monthly averaged percentage occurrence of EPBs

We have calculated the monthly averaged percentage
occurrence of EPBs and compared it with corresponding
monthly averaged 10.7 cm solar flux for the years 2011–
2015 as depicted in Fig. 6. The monthly percentage occur-
rence is calculated by averaging the percentage occurrence
of EPBs for all the nights of observation in that month
divided by number of observation nights and multiplied
by 100. The bottom panel is the monthly averaged percent-
age occurrence of EPBs. The top panel is the monthly
ence of EPBs with 10.7 cm flux.



Table 1
Summary of five year (2011–2015) observation night’s data.

Years Months Total number of nights Total number of
images recorded

Event images Occurrence (%) Monthly averaged 10.7 cm
solar flux (s.f.u)

2011 January 14 1392 195 14.00 85.14
February 13 1320 362 27.42 84.76
March 17 1607 499 31.05 127
April 13 1295 427 32.97 110.61
May 7 833 0 0 105
October 7 590 204 34.57 152
November 9 973 223 22.91 141.11
December 14 1389 255 18.35 139.14
Total 94 9399 2165 22.01 (Avg) 118.09 (Avg)

2012 January 14 1627 574 35.27 133.33
February 15 1477 432 29.24 105.62
March 13 1225 380 31.02 104.41
April 11 1127 116 10.29 122.54
May 12 1140 0 0 124.16
October 4 610 167 27.37 138.16
November 7 737 92 12.48 134.85
December 8 807 246 30.48 112.25
Total 84 8750 2007 22.65 (Avg) 121.91 (Avg)

2013 January 9 852 138 16.19 155.88
February 10 895 68 7.59 103.2
March 8 685 187 27.29 118.87
April 11 957 419 43.78 131.09
May 10 717 38 3.90 138
October – – – – –
November – – – – –
December – – – – –
Total 48 4106 812 13.33 (Avg) 129.40 (Avg)

2014 January – – – – –
February – – – – –
March – – – – –
April 4 412 120 29.12 140.2
May 7 462 0 0 113.14
October 9 848 196 23.11 178.11
November 13 1079 138 12.78 165
December 6 534 70 13.10 198
Total 39 3335 524 15.62 (Avg) 158.89 (Avg)

2015 January 10 838 260 31.02 135.7
February 11 892 396 44.39 124.72
March 11 962 286 29.70 121.36
April 11 941 174 18.49 144.54
May 14 1274 35 0 108.71
October 5 446 0 0 115.4
November 12 1116 0 0 107.58
December 12 1158 296 25.56 106.53
Total 86 7627 1412 18.64 (Avg) 120.56 (Avg)

2458 A.K. Sharma et al. / Advances in Space Research 60 (2017) 2452–2463
averaged 10.7 cm solar flux for corresponding observation
nights. Due to data loss in October, November and Decem-
ber 2013 and January, February and March 2014, we com-
pared the five year monthly percentage occurrence in such
a way that the months (to be compared) are present in all
the years. Hence we compared months from January to
April for all the years. In this case, we do not have data
for January to April 2014 as can be seen in Fig. 6. Sahai
et al. (1999) observed the occurrence of EPBs as lesser dur-
ing LSA (September 1994–January 1998) than during HSA
(March 1987–October 1991) over Cachoeira Paulista
(22.7 �S, 45.0 �W), Brazil. Here the percentage occurrence
is seems to be fairly correlated (with correlation coefficient:
0.35) with solar activity. Overall in Fig. 6, the monthly
averaged percentage occurrence of EPBs is positively corre-
lated with solar activity.

4.4. The daily averaged percentage occurrence of EPBs on

disturbed nights (Ap > 18)

Amongst all five year data (2011–2015), we have selected
the disturbed nights having Ap > 18 (Chavan et al., 2016).



Fig. 6. The monthly averaged % occurrence of EPBs for the period of 2011–2015 along with 10.7 cm flux.

Fig. 7. The daily averaged% occurrence of EPBs on disturbed nights (Ap > 18) amongst five year and its comparison with solar activity (10.7 cm flux).
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The daily averaged percentage occurrence on these nights is
calculated and compared with corresponding Ap indices
(which gives the indication of magnetic activity) and
10.7 cm solar flux as shown in Fig. 7. Daily averaged per-
centage occurrence is zero (except pink shaded region)
for strong magnetic activity, as indicated by yellow bars.



Fig. 8. The hourly % occurrence of EPBs on disturbed nights (Ap > 18) for the period of 2011–2015.
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The correlation of Ap values with the occurrence is �0.24.
This implies that the magnetic activity (Ap > 18) sup-
presses the occurrence of EPBs for our location.

During disturbed nights Equatorial spread F (ESF)
activity is inhibited due to reduction in eastward electric
fields of prereversal enhancement (PRE) (Fejer et al.
(1999)). Moreover, the EPB suppression might be occurred
due to the prompt penetration electric field of westward
polarity which inhibits the PRE (Abdu et al., 2009). Also,
it can be stated that a sudden southward turning of the
z-component of Bz, from a steady northward pattern, pro-
duces a dawn to dusk convection electric field at high lati-
tudes resulting in an under-shielding condition (RamSingh
et al., 2015). This makes the strong PRE and subsequently
forms ESF over low latitudes. However, the steady south-
ward IMF Bz configuration may not exist for a long and
the IMF Bz will turn northward yet again and later over-
shielding condition arises. This inhibits the growth of
EPBs.

Huang et al. (2001) also found anti-correlation between
ESF occurrence rate and enhanced geomagnetic activity
during the period of 1989 to 1991 (ascending phase of
22nd solar cycle). During no spread F season Sahai et al.
(1994) observed the EPBs over Brazilian sector only under
magnetic disturbances, however not all magnetic distur-
bances produce the EPBs. In Fig. 7, the correlation of
10.7 cm solar flux with the occurrence is 0.1. Here, the
occurrence of EPBs under disturbed conditions can be
seen, where 10.7 cm solar flux is sufficiently large.
4.5. The hourly percentage occurrence of EPBs on disturbed
nights (Ap > 18)

The geomagnetic activity affects the occurrence of irreg-
ularities in a manner that depends on local time, season
and solar cycle (Hysell and Burcham, 2002). We have
calculated the hourly variation in the percentage occur-
rence of EPBs for all the disturbed nights amongst five
years as shown in Fig. 8. In this case, we observed that
the EPBs are mostly confined to pre-midnight hours for
the year 2011 and 2012 with onset around 19:50 IST. There
is no occurrence of EPBs found in the year 2013. Further in
the year 2014 and 2015 the onset of EPBs is around 21:00
IST and they are confined to post-midnight period. In the
year 2015 which is the near solar maximum year, the EPBs
last for long up to 04:50 IST. It should be noted that these
EPBs are occurred on the corresponding disturbed nights
amongst five years where the solar flux is sufficiently large
(>100 s.f.u). Joshi et al. (2012) observed that the EPBs are
mostly confined to pre-midnight hours for high solar activ-
ity (HSA) (2002–2003) while during low solar activity
(LSA) (2007–2009) they are confined to post-midnight
and to dawn hours for the 23rd solar cycle over Indian
region. In our case, we deal with the disturbed nights only
amongst the five year data and it is contradictory to Joshi
et al. (2012), as the EPBs are confined to pre-midnight
hours for the LSA period of 2011 and 2012 while for the
HSA period of 2014 and 2015 they are confined to post-
midnight or somewhere towards dawn period.
4.6. Hourly seasonal variation in percentage occurrence of

EPBs

For seasonal analysis, the months can be classified as
Equinox (March, April, September and October) (E-
months), Summer (May to August) (S-months) and Winter
(January, February, November and December) (W-
months) (Vyas and Dayanandan 2011). Fig. 9 is the hourly
averaged percentage occurrence for E and W months for
the period of 2011–2015. As discussed in section A), in



Fig. 9. The hourly % occurrence of EPBs for Equinox (March, April, September, and October) and Winter (January, February, November and
December) seasons for the period of 2011–2015.
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May the occurrence of EPBs is zero and all other months
from summer (i.e. June, July and August) are not suitable
for ASI observation at our location due to unfavorable sky
conditions and rainy climate. So S-months are not included
for seasonal analysis. In this case, due to data loss in Octo-
ber, November, December 2013 and January, February
and March 2014, we have considered equinox months as
March-April and winter months as January-February to
properly compare the seasonal behavior for five years.
The hourly percentage occurrence has been calculated by
averaging the hourly images for all the nights of observa-
tion divided by total number of images during one hour
(i.e. 10 images with � 06:00 min of difference) and multi-
plied by 100. Further the final hourly averaged percentage
occurrences of each month are averaged to get the hourly
seasonal variation.

The black and blue vertical bars represent the hourly
percentage occurrence of EPBs for equinox and winter sea-
son respectively. For the winter seasons, the hourly per-
centage occurrence of EPBs is observed to be increased
up to 2012. Further it suddenly decreases in year 2013
which is near the maximum peak of 24th solar cycle. While
in the equinox months the variation in hourly percentage
occurrences of EPBs are fairly remains same up to 2013
and further little decreased in 2015. Sahai et al. (1999)
observed the occurrence of EPBs over Brazilian sector as
lesser during LSA than during HSA while seasonal pattern
were fairly similar for LSA and HSA activity. In our case,
during HSA (2013) the seasonal pattern is observed to be
suppressed (for winter months) than in LSA. However
the occurrence remained steady in equinoctial months.
The vertical drift which is the main parameter behind the
growth and occurrence of EPBs over low latitude Indian
sector can be taken into account for the suppression of
EPBs during winter season. Prabhakaran Nayar and
Sreehari (2004), using multi-frequency HF Doppler Radar
installed at university of Kerala studied the height gradient
in vertical plasma drift. They concluded that the mean ver-
tical plasma drift gradient around the PRE exhibits a sea-
sonal variation. In December solstice the magnitude of
negative gradient is quite larger, this possibly be the cause
behind the fewer occurrences over low latitude Indian sec-
tor during December solstices. Also, Sripathi et al. (2016),
presented seasonal characteristics of quite time vertical
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drift by using Canadian Ionosonde at Tirunelveli and their
observations suggests that seasonal variations of evening
hour vertical drifts are higher during equinox followed by
winter and summer. This further suggests that the EPB
occurrence might be found lesser during winter and sum-
mer months that in equinox months. In present study, in
Fig. 9, the occurrences of EPBs are observed to be lesser
in winter months (2011, 2013) as compared to equinoctial
months.

5. Conclusions

We have analyzed 351 nights ASI data from five years
2011–2015 to study the variation in the percentage occur-
rences of EPBs as hourly, daily, seasonally and yearly from
low latitude station Kolhapur (16.8 �N, 74.2 �E). The
results are listed below.

(1) The onset of EPBs is generally occurred around 20:00
IST and extended well towards dawn period with a
peak around mid-night.

(2) The daily averaged percentage occurrence of EPBs
for the year 2014 (a solar maximum year) is seen to
be somewhat suppressed. This might be due to data
loss in October, November and December 2013 and
January, February and March 2014. However, the
overall occurrence of EPBs (Daily averaged) is fairly
associated with 10.7 cm solar flux for all other years.

(3) The magnetic activity (Ap > 18) suppresses the occur-
rence of EPBs at Kolhapur station. We suggest that
the EPB suppression might be occurred due to the
prompt penetration electric field of westward polarity
which inhibits the PRE (Abdu et al., 2009).

(4) It is interesting to note that, during the disturbed
nights (Ap > 18), EPBs are confined to pre-midnight
hours for the period of 2011 and 2012 while for the
period of 2014 and 2015 they are confined to post-
midnight or fairly towards dawn period. This aspect
needs more clarification in future studies.

(5) The hourly percentage occurrence in Equinox months
is remains almost same up to 2013 (ascending phase
of 24th solar cycle). However, the hourly percentage
occurrences in winter months were found to be
decreased in the year 2011 and 2013.
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