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Abstract – It has been observed that the OI 630.0 nm dayglow emission over a dip equatorial station,
Trivandrum (8.5� N, 77� E, dip 0.5� N), India registered an abrupt increase of ~ 2000 R during the
compression phase of the magnetosphere as dictated by a sudden increase in solar wind ram pressure.
Furthermore, an unusual depletion of these emissions has been observed during the eastward interplanetary
electric field (IEF), concomitant with southward excursion of IMF Bz. The ionosonde and magnetometer
observations confirmed the effects of prompt penetration electric field (PPEF). Associated with the east-
ward PPEF, formation of F3 layers were also noticed. These unique results, which emphasize the effect
of Sudden Storm Commencement/IEF on these equatorial daytime airglow emissions are discussed in
context of changes in the equatorial zonal electric field and F region height variations associated with
polar/auroral activities due to the magnetosphere-ionosphere coupling.
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1 Introduction

The neutral OI 630.0 nm thermospheric airglow has been
used as a reliable tracer to address many of the equatorial/low
latitude ionospheric neutral and electrodynamic phenomena
during both geomagnetically quiet and disturbed periods, partic-
ularly during night time. On the other hand, during daytime,
detection of these faint emission features buried in the bright
solar continuum is really a challenging task (Chakrabarti,
1998). However, recent innovations in the form of daytime
spectro/photometry have brought out significant results pertain-
ing to low latitude/equatorial thermosphere-ionosphere system
(TIS), particularly during geomagnetically quiet periods
(Sridharan et al., 1998; Pallamraju et al., 2002; Sumod et al.,
2012). For instance, Sridharan et al. (1992) has reported that,
over the crest region of equatorial ionization anomaly (EIA),
dissociative recombination of Oþ

2 with ambient electrons is
mainly responsible for the observed temporal variability in the
dayglow. Based on this work, the temporal evolution and spatial
extent of EIA over the Indian sector were studied in detail using
high resolution two-D maps of OI 630.0 nm dayglow measure-
ments (Pallamraju & Sridharan, 1998). In another study, it was
understood that the shape of the diurnal pattern of these

dayglow intensity variation has a definite relation with the
strength of equatorial electrojet (EEJ) (Chakrabarty et al.,
2002). The importance of OI 630.0 nm dayglow in: (i) identify-
ing the precursor to equatorial spread-F (ESF) (Sridharan et al.,
1994) and (ii) understanding the role of Gravity Waves as seed
perturbations to ESF (Sreeja et al., 2009a) were also reported.
Similarly, these dayglow observations have been successfully
employed to investigate short and long duration thermospheric
waves (Pallamraju et al., 2014).

In addition to the afore-mentioned quiet time results,
OI 630.0 nm emission have brought out significant results asso-
ciated with many space weather issues and understanding of
high latitude-low latitude coupling. For instance, Sridharan
et al. (1999) reported the effect of the space weather event of
January 6, 1997 on 630 nm dayglow emissions over a low lat-
itude station when the magnetosphere was compressed
to < 6 RE. Pallamraju et al. (2004) inferred the imprints of com-
position changes in these airglow emissions associated with a
geomagnetic storm, from a low-latitude station. Different modes
of acoustic gravity waves during magnetically quiet and
disturbed times have also been separated using these daytime
airglow features (Chakrabarty et al., 2004). Recently, the effect
of substorm induced changes in these dayglow emissions over
Mt. Abu (magnetic latitude: 16.2 �N) has been investigated
(Chakrabarty et al., 2010). Similarly, concomitant changes in*Corresponding author: sgsumodh@gmail.com
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these dayglow during an X-class solar flare were also observed
in many of the earlier studies (e.g., Das et al., 2010). Sumod
et al. (2014) have reported prompt and delayed effects of these
optical emissions over a dip equatorial station, associated with
solar flares of different ranks. Very recently, concurrent variabil-
ity of the equatorial ionosphere and mesopause in the context of
a number of penetration events has also been presented in the
literature (Sumod et al., 2015).

Nevertheless, the effect of sudden storm commencement
(SSC) on these thermospheric emissions has not been under-
stood until now, primarily due to the paucity of high cadence
data. In this background, this work, probably for the “first time”
addresses the effect of SSC and long duration prompt penetra-
tion IEF on the time variability of the ground based atomic
oxygen emissions over the dip equator.

2 Experiment

A multi wavelength dayglow photometer (MWDPM)
developed indigenously in India has provided systematic mea-
surements of thermospheric and mesospheric airglow during
daylight hours, since 2004 onwards. These measurements have
provided significant results concerning coupling processes in
the equatorial upper atmosphere (e.g., Sumod et al., 2011a, b).
The OI 630.0 nm dayglow emission, as obtained by using this
unique photometer over a magnetic dip equatorial station
Trivandrum (8.5� N, 77� E, dip 0.5� N), has been used for
the present study. The system details and data analysis method-
ology have already been published elsewhere (Sridharan et al.,
1998). On August 24, 2005, MWDPM was operated in the
scanning mode to study the spatio-temporal evolution of
OI 630.0 nm emission features in context of equatorial ioniza-
tion anomaly (EIA). These measurements were made between
09:00 IST and 18:00 IST at four different elevations south of
Trivandrum, the minimum elevation being 66� and maximum
90�. The maximum horizontal distance covered in this configu-
ration is 471 km, by assuming that the O(1D) profile peaks at
~240 km. Although this study is mainly intended to understand
the effect of SSC/IEF on the daytime evolution of these neutral
airglow, all the observations corresponding to different eleva-
tions from Trivandrum in the southern direction with a resolu-
tion of ~5 min are presented here. The dayglow intensities are
presented in units of Rayleigh (R), by following the same
methodology of Sumod et al. (2014). It must be mentioned that
the relative increase/decrease in the dayglow at different eleva-
tions are the dynamical features associated with the EIA and are
not discussed here. The prevailing conditions in the solar wind-
magnetosphere system on August 24, 2005 (Ap = 102), has been
analyzed using the data, obtained from the OMNI website.
These data have already been time shifted from the 1st libration
point to the nose of the bow-shock at the magnetosphere. For
the present investigation, all the data products averaged for
5 min. are considered. The details of the data processing and
time shifting techniques are available in OMNI site (http://
omniweb.gsfc.nasa.gov/). In addition to these, coordinated mea-
surements of F2 peak height variation (hmF2) as scaled from
the 15 min. ionograms using a KEL ionosonde are presented
here. One minute values of the strength of EEJ over Indian lon-
gitudes as obtained by subtracting horizontal geomagnetic fields

at Trivandrum(DHTVM), a dip equatorial station and Alibag
(DHABG), an off-EEJ station (EEJ = DHTVM � DHABG), are
also shown for characterizing the equatorial east-west electric
field. In addition, simultaneous 15 min averaged total electron
content (TEC) measurements, as obtained using ground
based GPS receivers over Trivandrum were also used for
substantiating the results.

3 Results

3.1 Geomagnetic conditions on August 24, 2005

The storm which occurred during the period 23–26 August
2005, i.e., declining phase of solar cycle 23 was unique in many
ways (Ivanov & Kharshiladze, 2007). Figure 1 shows the
behavior of different interplanetary parameters and geomagnetic
indices on August 24, 2005 (Ap = 102). In all the figures, time is
expressed in Indian Standard Time (IST = Universal
Time + 5.5 h). From top to bottom, different panels represent
EEJ, IMF Bz, ring current index (sym-H), the auroral electrojet
(AE) index, solar wind proton density (Np), proton temperature
(Tp) and the X component of solar wind velocity (vx).

As is evident from the sym-H, the SSC occurred at around
~11:45 IST, when the IMF Bz was steadily northward. The
onset of the storm was at ~14:45 IST on August 24, as indicated
by the southward excursion of IMF Bz, which reached its
maximum value (negative maximum of IMF Bz = �51 nT)
at ~15:30 IST and turned northward at ~16:45 IST. The afore-
mentioned events at 11:45 and 14:45 IST, which created signif-
icant variability in the daytime equatorial upper atmosphere, are
highlighted using the vertical dotted lines in Figure 1 and are
discussed in the following sections.

3.2 Response of the equatorial Ionosphere

The event of August 23–26 created a positive storm over the
equatorial/low latitudes as described by Sreeja et al. (2009b).
Following the SSC, a latitudinal expansion of the EIA has been
noticed on August 24. It was attributed to the combination of
different mechanisms such as uplifting of the plasma due to
the penetration electric field, enhanced O/N2 ratio and equator-
ward winds. In this study, importance is given to understand the
role of SSC and PPEF on August 24 over the equator in the
context of ionosphere-thermosphere coupling.

The signature of SSC in the magnetic field at Trivandrum
(~24 nT) and Trivandrum-Alibag (~40 nT) was found to have
the usual enhancement in amplitude over the dip equator. This
enhancement in the present case was by a factor of about two,
indicating that the EEJ is close to an average value. The iono-
sonde data of Trivandrum, as is evident from Figure 2 also
showed an increase in hmF2 and a decrease in foF2, albeit after
~10 min (there was a break in data at around SSC). This
increase in hmF2 is expected because of the short-duration pen-
etration of eastward electric field that causes the dip equator
enhancement of the SSC amplitude on the dayside through
TM0 mode wave, as suggested by Kikuchi & Araki (1979).
This increase in hmF2 and decrease in foF2 are distinctly dis-
cernable in comparison with the average quiet time pattern
(average of five international quiet days, i.e., 2005 August 11,
20, 30, 12 and 28) of hmF2 and foF2 in Figure 3b. To sum
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up, the geomagnetic and ionosonde data are consistent with
the prevailing understanding that during daytime, over the
equator, the main impulse of SSC gets magnified due to the
short-duration eastward field of high latitude origin.

The effects of this SSC related perturbation on August 24,
2005 continued until ~12:30 IST and thereafter foF2 started a
gradual increase, while hmF2 came down due to the decrease
in prevailing daytime eastward electric field. The decrease in

hmF2 continued until the beginning of the main phase of the
storm i.e., ~14:45 IST.

At ~14:45 IST, concomitant with negative (southward)
excursion of the IMF Bz, the hmF2 showed an unusual increase,
reaching to higher altitudes of ~550 km. This clearly shows the
occurrence of an eastward penetration electric field. In fact, the
effect of this PPEF continued until ~16:30 IST, as evidenced by
increased hmF2, which acquired its pre-penetration value after
this time. Furthermore, the equatorial electric field as inferred
using EEJ continued to be in the eastward direction until
~16:30 IST. The foF2 and TEC also responded to this PPEF
from ~15:30 IST onwards, after ~45 min as indicated by the
decrease in TEC/foF2. In fact, TEC variability on August 24,
2005 was distinctly different from its average quiet time pattern
(quiet time average of five international quiet days, i.e., 2005
August 11, 20, 30, 12 and 28) in Figure 3a. Furthermore, inten-
sification of EIA after 15:30 IST and subsequent movement of
EIA crest to higher latitudes (i.e., around 23� N) as reported by
Sreeja et al. (2009b), confirms this aspect. It is worthwhile to
mention here that the penetrated electric field also led to the
formation of F3 layers as is shown in Figure 4. The F3 layer
appeared at ~15:45 IST and continued until 16:15 IST, when
hmF2 showed an increase due to the penetration electric field.
The observed F3 layers, during this period are consistent with
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Fig. 1. Different panels are pertaining to the observations of the
interplanetary and geomagnetic indices on August 24, 2005. From top
to bottom, different panels are the equatorial electrojet (EEJ, IMF Bz,
ring current index sym-H, auroral electrojet index, solar wind Proton
density and temperature, along with the x component of solar wind
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previous studies of F3 layer during penetration events, which
are produced as a result of meridional wind and PPEF (Balan
et al., 1998). Such observations and a plausible mechanism of
F3 layers are well explored in many of the earlier works (e.g.,
Paznukhov et al., 2007) and henceforth further description of
F3 layer has not been included in this paper.

3.3 Thermospheric observations using OI 630.0 nm
dayglow

Interestingly, the ground based thermospheric dayglow
also responded definitively to the ongoing storm as shown in

Figure 5 (bottom panel). The dayglow intensity variation of
August 24, 2005 for four different elevations in the southern
direction is shown using different colors. The horizontal
distances from the zenith sky (0 km) are also shown. In order
to investigate the dayglow variability on August, 24, 2005 in
conjunction with the prevalent conditions, the time evolution
of solar wind ram pressure (Psw), dawn-to-dusk component Ey
of IEF along with X, Y, and Z components of Interplanetary
magnetic field (IMF) are plotted in Figure 5. The daytime OI
630.0 nm airglow showed an entirely different pattern on this
day in comparison with the average quiet time pattern in
Figure 3c.
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As is evident from Figure 5, a sharp and prompt enhance-
ment of ~2000 Rayleigh (R) in intensity at ~11:45 IST was
observed at all elevations in consonance with the abrupt
increase in Psw, showing the arrival of a shock wave at the mag-
netopause. Thereafter, the OI 630.0 nm dayglow intensities
exhibited a gradual decrease until ~14:45 IST. Thereafter, air-
glow intensities registered an unusual depletion of ~2000 R
until ~16:30 IST. This strong depletion of emission started
almost simultaneous to the reversal of dawn-dusk component
of IEF. The IEF turned eastward at ~14:45 IST, became strong
~30 mV/m and continued eastward until ~16:30 IST. The IMF
Bz also showed concurrent variations with a sudden southward
turning at ~14:30 IST and remained strongly southward
(�51 nT) until ~16:30 IST. After 16:30 IST, a strong increase
in the emission intensities can also be noticed, which is in fact
more intense than the noon time value at some distances away
from the zenith intensity.

The unusual depletion of this optical emission observed dur-
ing the period ~14:45–16:30 IST is not new. In fact, such drastic
changes in the equatorial dayglow in conjunction with a number
of penetration events and the corresponding physical mecha-
nism have already been reported (Sumod et al., 2015). The
observed depletion in the present case could be associated with
the eastward PPEF which enhanced the plasma fountain over
the equator due to the increased upward E � B drift. This fur-
ther reduced the effective dissociative recombination at the
emission altitudes resulting in substantial reduction in the day-
glow intensity. The observed F3 layers during this period, as
obvious from Figure 4 further supports the occurrence of a
strong E � B drift. The abnormal increase in the dayglow inten-
sity after ~16:30 IST is attributed to the descent of hmF2 close
to the emission altitudes, which increased the electron density

and hence the dayglow intensity, as obvious from Figure 2.
Nevertheless, the enhancement in the dayglow due to the
increase in neutral density cannot be precluded in this context.
In fact, the O/N2 ratio, as measured by GUVI has indicated
an enhanced value (1.5 times greater than that compared with
quiet day) at ~17:00 IST (Sreeja et al., 2009b). Therefore, it
can be said that the observed increase in the dayglow intensity
after 16:30 IST could be due to the combined effect of the
decrease of hmF2 and the increase in O/N2 at the emission
altitudes.

The step like enhancement in the dayglow intensity at
~11:45 IST is believed to be associated with the SSC. The tem-
poral coincidence with the SSC cannot be ignored, particularly
so because there are no significant changes in the IEF and Bz at
that time. The ionosonde observations after the data break at
11:45 IST as well as the EEJ during the SSC indicated the pres-
ence of a short-duration eastward penetration electric field. This
should have caused a reduction in dayglow intensity similar to
that at ~14:45 IST. However, our observations reveal an
enhancement during this period. In fact, earlier rocket observa-
tions have also shown an enhancement in thermospheric tem-
perature during the SSC (Gupta et al., 1986). However, such
a scenario also should have created a reduction in the dayglow
intensity. Nevertheless, it should be borne in mind that changes
in dayglow would be strongly affected by the ongoing equato-
rial electrodynamics. As mentioned earlier, the short-duration
penetration field associated with SSC can also lead to the
enhanced airglow intensity, as more ionization is pumped to
higher altitudes through the emission region, due to the
increased vertical E � B drift. This additional ionization density
can have enhanced the intensity of oxygen emission primarily
due to the increased dissociative recombination at emission

Fig. 4. Temporal evolution of F3 layers (shown in circles) over Trivandrum, as observed by the ionogram traces on August 24, 2005. The
corresponding times in IST are shown in the top right corners.
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altitude. The observed gradual decrease in the airglow intensity
after 12:15 IST can be associated with the diminishing effect of
PPEF and dominant role of the equatorial field in controlling the
distribution of plasma.

Although, SSC signatures in the dayglow may appear coun-
terintuitive based on our earlier explanation of post-noon deple-
tion, ensuing discussion will provide the plausible mechanism
for such an unexpected behavior. Although both the penetrated
electric field disturbances during SSC and PPEF are of the same
polarity, they are distinctively different in two ways. Firstly, the
SSC associated electric field is of shorter duration than that of
PPEF, as expected which is responsible for the amplification
of the main impulse of SSC (Sastri et al., 2001), whereas PPEF
is of longer duration of ~2 h. Secondly, time of occurrence for
both events over the dip equator are different, the former
occurred during pre-noon hours, whereas the latter in the
post-noon sector. Furthermore, it is to be noted that during
daytime, OI 630.0 nm dayglow is produced due to three mech-
anisms viz, (i) photo electron impact of O by electrons of

E > 1.96 eV (PE), (ii) Photo dissociation of O2 (PD) in the
Schumann-Runge continuum, and (iii) dissociative recombina-
tion of O2

+ (DR). It is generally believed that contributions from
PE and PD in the temporal behavior of dayglow vary almost in
consonance with solar zenith angle. They are not expected to
show short duration (<1 h) fluctuations, unless the photoelectron
flux and solar radiation changes drastically within that time
scale. Therefore observed enhancement in the dayglow intensity
during 11:45–12:15 IST can be understood as an additional
contribution from DR in the overall intensity, which was
already in the increasing trend due to PE and PD. Although
the SSC associated electric field created a vertical plasma drift,
it does not create any appreciable change in TEC. This indicates
that the SSC associated electric field is not strong enough for
creating a strong plasma fountain, thereby depleting the entire
equatorial electron density. The hmF2 would have been a better
index to indicate the penetration or extent of height rise, but
unfortunately the data gap at 11:45 IST (i.e., during SSC) pre-
vents us from making any comment. Nevertheless, the upward
plasma drift would be sufficient to fill more electrons in the
150–350 km region, thereby increasing the dayglow intensity
for a short duration of ~ 30 min, as seen in the present case.
On the other hand, the post-noon PPEF, which occurred during
the declining phase of PD and PE, was strong enough to affect
the large scale phenomena EIA and resulted in the depletion of
OI 630.0 nm dayglow for ~2 h.

Although, the present observations are explained on the
basis of current understanding of equatorial thermosphere-
ionosphere system (TIS), the results show that our knowledge
on the SSC and its repercussions over the equatorial region,
more precisely on the OI 630 nm dayglow is rather poor. There-
fore coordinated ground based and satellite observations in
tandem with theoretical studies are needed for the comprehen-
sive understanding of TIS, especially during such transient
events. In future, a chain of dayglow photometers are planned
to be deployed at different latitudes along the Indian longitudi-
nal sector, in tandem with GPS receivers. This would help to
investigate space weather events with unprecedented spatial/
temporal resolution, particularly in the context of various
electrodynamical processes such as EIA and ESF. In view of
the above, we believe that these observations are very impor-
tant, and perhaps for the “first time” shows the direct effect of
SSC associated electric field on the optical emissions over the
dayside dip equator.

4 Concluding remarks

The effects of SSC/IEF on the equatorial OI 630.0 nm
dayglow are studied. It was understood that these dayglow
emissions exhibit an unusual depletion associated with the over-
shielding electric field. It is consistent with the uplifting of the
ionospheric F layer for the short duration of this penetration
event. Furthermore, the signature of SSC over the equatorial
thermosphere-ionosphere system has been identified using these
optical features. Though the mechanism of SSC related effects
in the dayglow is still not yet completely understood, the results
are unique, and can have important consequences in understand-
ing in the context of solar wind–magnetosphere–ionosphere
coupling. In a complementary point of view, our results suggest
the uniqueness of these dayglow emissions to investigate the
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space weather related issues with unprecedented temporal
resolution.
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