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First resultsof all-sky imaging from India
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A CCD based al-sky (180° field view) airglow imaging system was operated from a low latitude station,
Kolhapur (16.8°N, 74.2°E; 10.6°N dip lat.) in Indiato map the thermospheric motion and to study the low latitude
ionosphericirregularities by measuring the nightglow signaturesat 630 nm. In general, all-sky imaging techniques
offer broad, instantaneous coverage (2.5 million sq km area at 150° field of view at 300 km height) of the spatial
and temporal characteristics of the airglow features from the selected layers of the thermosphere and ionosphere
system. Inadditiontotheall-sky camera, photometer and radio scintill ation observationstogether withionospheric
soundingswere carried out from Kolhapur to verify the signature of small scaleaswell aslarge scale size F-region
irregularities. Initial results from these measurements display good examples of north-south motion of the
thermosphere with apparent drift speeds of 143-200 m/s during geomagnetically quiet nights. The north-south
aligned (>1000 km) bands of plasma depletions or bubbles with east-west dimension of 50-250 km moving with
drift speed of 140 m/stowards east have been observed. The zonal component of plasma drift speed matches well
with the eastward component of the neutral speed computed using Hedin’ srecent model. However, the meridional
components of plasmadrift speed are generally higher than the components of the neutral wind speed computed
using the model. The results confirm the earlier quantitative investigations of equatorial depletion characteristics

from Brazil and elsewhere.

1. Introduction

Equatorial bubblesaswell assmall scalesizeionospheric
irregularities have been extensively studied in the last two
decades by using incoherent back scatter radar, rockets,
satellitesand UHF/V HF scintill ation measurements (Weber
etal., 1978, 1980, 1982, 1983; Mendillo and Baumgardner,
1982; Sobral et al., 1985). It is generally believed that the
bubbles (depl etions) are generated in the bottomside of the
equatorial F-region after sunset and they move buoyantly
upward with respect to ambient plasma in the equatorial
ionosphere due to Rayleigh Taylor or g x B instability
(Woodman and La Hoz, 1976; Fejer et al., 1981; Zalesak
and Ossakow, 1982; AndersonandMendillo, 1983; Mendillo
et al., 1992; Sinhaet al., 1996). They are generaly aligned
along the geomagnetic field lines due to their much greater
conductivity in the magnetic field direction than perpen-
dicular to it. Within these bubbles, small as well as large
scale size ionospheric irregularities from 1 metre to tens of
kilometres, give rise to VHF backscatter, VHF and UHF
scintillations and Equatorial Spread-F (ESF). At the
boundaries of these depletions, smaller size irregularities
are generally produced. The optical imaging techniques
(Weberetal., 1978, 1980; Mendilloand Baumgardner, 1982;
Tinsley, 1982; Mendillo and Tyler, 1983, Mukherjeeet al .,
1993, 1994) from 10° to 15° dip latitude regions can very
well provide information about structure of these plasma
depletions above the magnetic equator as well as their
temporal movement in east-west direction which can be
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compared with other experimental techniques. Monochro-
matic imaging of thelarge scale F-region plasmadepl etions
that contain the equatorial bubbles and associated iono-
sphericirregularitiestypically manifest themselvesasregions
of low 630 nm emission. Weber et al. (1978, 1980, 1983),
Mendillo and Baumgardner (1982) and Muldrew (1980)
throughtheir pioneering work, studied the characteristics of
equatorial ionospheric plasma depletions using all-sky
camera at 630 nm. They found out north-south aligned
structures often morethan 1200 kmin length with east-west
dimensions of 50-200 km. The depletions appeared after
sunset and were observed to move towards east with speeds
of 50-150 m/s. While drifting, the feet of these structures
migrate towards the poles reaching £15 dip latitudes
(McClureet al., 1977, Rohrbaugh et al., 1989; Sahai et al .,
1994). Topsideionosonde measurement (Dysonand Benson,
1978) showed their propagation characteristics which are
mainly aligned along geomagnetic field lines. With aview
to examine the relation of airglow depletions to amplitude
scintillations on trans-ionospheric communication links,
the movement of airglow depletions through the signal ray
path produced intense amplitude (VHF and UHF) scintil-
lations (often >20 dB at 250 Hz) implying existence of 0.5—
10 km scale size irregularities (Weber et al., 1980, 1983)
within the depletions. Though there are a good number of
experimental observations of plasma depletions or bubbles
showing their spatial and temporal characteristics from the
American longitude sector and other regions (Hake, 1981,
Sahai et al., 1981, 1994, 1996; Carman, 1983; Malcolm et
al., 1984; Rohrbaugh et al., 1989; Fukunishi, 1996; and
referencestherein) in the last two decades, theseresults are
not supported by similar characteristic observations from
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the Indianlongituderegion. Thisismainly duetothelack of
asuitableimaging system operating in this sector. Recently
a CCD based al-sky imaging system has been installed at
Kolhapur (16.8°N, 74.2°E) to map the thermospheric mo-
tions by studying various nightglow emissions.

In this report we describe a new series of optical mea-
surements from a low latitude station, Kolhapur in India,
using aground based all-sky imaging system. These arethe
first series of optical measurements with a CCD based all-
sky camerafromIndianlow latituderegion. Simultaneously,
the limited data set from other complementary experiments
such as radio beacon scintillation, ionosonde and photom-
etersare also examined to study small aswell aslarge scale
sizeirregularities.

I

—
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2. All-Sky Camera

A CCD based all-sky imaging system (180° field of view)
was operated from Kolhapur. The salient features of the
design of the CCD basedimaging system havebeen explained
by Baumgardner and Karandanis (1984) and Mendilloet al.
(1989). The fisheye lens (16 mm, f/2.8) at the top of the
camera takes in light in 27T steradians from the sky. The
function of the 40 mm diameter field lens and the 300 mm
/2.5 Aero Ektar lensisto collimate the light from the sky.
Thefisheyelensproducesacircular imageof the sky 23 mm
in diameter which is directed in to the collimator (Fig. 1).
Finally thelight after passing through thefilter isreimaged
at f/1 onto the photocathode of the intensified CCD of
Fairchild Model 3000 and intensifier type4727 of ITT. The
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Fig. 1. Schematic diagram of the all-sky camera.
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Fig. 2. Theall-sky camerafield of view at 75° and 90° zenith angles shown by two circlesat 300 km at K ol hapur with respect to geographic coordinates.

The dip equator is also indicated in the diagram.
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Fig. 3. Geometry of observations madein the magnetic meridian from Kolhapur (10.6°N diplat.) of field aligned structuresin the tropical ionosphere.

detector ishoused in achamber thermoel ectrically cooled to
60°C below ambient temperature to reduce the dark signal.
Very weak nightglow signals of few Rayleigh in intensity
can be monitored with the system with large integration
time. As the all-sky camera is not yet calibrated with a
standard source, we can not give absol ute values of airglow
intensity. However, theintensitiesareclassified fromlowest
value0 (blue) to highest value 255 (mazenta) called the data
number. The product of the data number and the constant
(Rayleigh/datanumber) of the calibrated sourcewould give
the absolute intensity in Rayleigh. There are six filter posi-
tions which can be used to study various emission lines
originating at different ionospheric heights. Since our main
concern is to study F-region dynamics at night, we con-
centrate mainly on spatial and temporal characteristics of
630 nm emission. The spectral line at 630 nmisindicative
of dissociative recombination involving O, molecules and
electrons near 300 km atitude (Mukherjee and Dyson,
1992). Thesuperiority of charge coupled device (CCD) over
almost all other image forming devices has been well es-
tablished in the last two decades due to it’ s high resolution,
high quantum efficiency, broad spectral response, |ow noise
and largedynamicrange (Janesick and Blouke, 1987; Abreu
and Skinner, 1989).

3. Geometry of Observations

Figure 2 shows the location of the observing station
Kolhapur with respect to geographic coordinates. The two
circlesindicatethe coverage of thecamerasystemfor zenith
distances 75° and 90° for an emission height of 300 km.
Figure 3 depicts the geometry of observations made in the
magnetic meridian from Kolhapur of thefield aligned struc-
tures in the tropical ionosphere. The broad band near a
height of 300 km depicts the approximate region of 630 nm
emission. Figure 4 shows the 75° zenith angle distance at
300 km height which encompasses approximately +8° of
latitude/longitude from the zenith which is equivalent to a
horizontal diameter of ~1800 km through the zenith at 300
km. Between zenith angles 75-90°, an additional 8° | atitude/

Fig. 4. Lines of magnetic latitude and longitude for 300 km from
Kolhapur, dashed line presents a 75° zenith distance.

longitudeare encompassed. Itisimportant to note, however,
that the geomagnetic equator falls within 75-90° zenith
angles and appears near the southern edge of the field of
view. To illustrate the typical nightglow images (630 nm)
and explain F region dynamics involving small and large
scale irregularities we also use measurements from
ionosondes, V HF scintillationand photometric experiments.
We also demonstrate the thermospheric movement from
west to east, north to south and from north-west to south-east
direction by studying the airglow images during different
times of the night. These characteristic observation features
will be discussed in the following section.

4. Observations

In this section we present three case studies of the
movement of the thermosphere and the development of
equatorial ionospheric plasma depletions by Ol 630.0 nm
nightglow imaging. All the three nights (23-24 March,
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1993; 15 December, 1993 and 15 January, 1994) whosedata
have been presented here are magnetically quiet with
moderate solar activity, the solar flux (F10.7 cm) ranges
between 120 units on 23 March, 1993 to 83 units on 15
January, 1994.

5. Observationson March 23-24, 1993

All-sky images of airglow were made through 630 nm
narrow bandwidth (1.2 nm) filters to produce an image
every 2 minutes. It wasaclear moonlessnight. In Fig. 5we
present a series of Ol 630.0 nm images during the night of
March 23-24, 1993 at afew minutesinterval between 2346
and 0034 hrsIST. Timeisaso marked in U.T. The Indian
Standard Time (1.S.T.) is ahead of U.T. by five hours and
thirty minutes (1.S.T. = U.T. + 5.5 hrs). The sequence of
images after subtraction of background (644.5 nm) and dark
current will be used to study the dynamicsof the F-region of
the ionosphere. Note the usual inversion of east-west co-
ordinates. From north-south horizon, the region spans 3600
km and it showsthe airglow features recorded and describe
the characteristics at the base of many field lines. Note the
depleted structuresontheright hand side of eachimage. The
width of the depletion varies between 50-250 km. The
north-south dimension of the structure is more than 1000
km. The airglow intensity moves as a patch and no sharp
gradient in intensity is observed within the patch. The
airglow intensity withinthe depletion islessby two order of
magnitude than the intensity in the background plasma.
There appears to be a gradual change over from a single
linear depleted structureto bifurcated  wishbone” structures
(Mendilloand Baumgardner, 1982; Andersonand Mendillo,
1983) asthe night progresses. The images show the appear-
ances of second region of airglow depletion drifting to the
field of view from the west.
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Fig. 5. All-sky images (630.0 nm) during the night of March 23-24, 1993
from Kolhapur. Note the moving depleted structures on the right hand
side of each image.

6. lonosonde Observation

Use was also made of the result of the ionospheric
soundings (Model No. 1005W, Magnetic AB, Stockholm,
Sweden) conducted simultaneously from the same station
duringthenight. Itwasatypical spread-F night. InFig. 6, the
virtual F-layer height (h'F) and the critical frequency (foF2)
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Fig. 8. Themovement of the bright intensity structuresin 630.0 nm from
north-west to south-east direction on the night of December 15, 1993.
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Fig. 9. The movement of the airglow features from north to south
direction from all-sky images on the night of January 15, 1994. The
planet on theright side of the diagram showsthe setting “Moon” in the
west.
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of the F,-layer were shown as a function of time (1.S.T.)
during the night of 23-24 March, 1993. Though the exact
height of the layer could not be ascertained correctly dueto
spread-F condition in the ionosphere, the lowest height
during spread-F condition is shown in the figure. The first
ionosonde observation was made at 2045 hrs (1.S.T.) at
night, thevirtual height of the F-layer wasbetween 350450
km. Further, Nmax (peak electron density computed from
foF2 values (Moore and Weber, 1981)) changes from 3.5 x
106/cm?3 to 6.9 x 10%/cm? during the night. F-layer heights
show undulations and spread-F condition prevailing in the
ionosphere. As the bubble (depletion in 630 nm) was ap-
proaching over the station from the west to east at about
0100 hrsthe layer height started ascending, simultaneously
(foF2)? vaues were drastically reduced. According to the
theory and observations the Equatorial Spread-F (ESF)
season at a particular site starts when the sunset terminator
alignsitself with the geomagnetic flux tubein that region, a
condition typically associated for minimal thermospheric
wind condition along the geomagnetic meridian (Tsunoda,
1980). It has been pointed out by Mendillo et al. (1992) that
at agiven longitude, the requirements for Rayleigh-Taylor
(RT) instability growth within the ESF season are: (a) post
sunset rise of the F-region, (b) the availability of a seed
perturbation to launch the Rayleigh-Taylor mechanism and
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Fig. 6. Theionosonde data Nyax (€lectron density at the peak of the F,
layer) and h'F (virtual F-layer height) asafunction of local time(1.S.T.)
at Kolhapur onthenight of March 23-24, 1993. Notetheincreaseinthe
height of F-layer when the bubble moves over the station.
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1993.
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(c) the absence of a strong transequatorial thermospheric
wind. Itisgenerally understood that out of three controlling
factors the third factor (c) namely the transequatorial ther-
mospheric wind playsthekey rolein suppressing or causing
ESF activity at a given longitude.

7. Scintillations M easur ements

With a view to study the small scale size irregularities
within the bubbles, VHF nighttime scintillations at 244
MHz from the FLEETSAT geo-stationary satellite were
also monitored at the station on 23-24 March, 1993. Figure
7 shows the amplitude time record of strong scintillations
(>20 dB at 244 MHZz) caused by F region irregularities
duringthenight at thetimeof movement of airglow depletions
throughthesignal ray path. Thetimeismarked ontherecord
inIndian Standard Time (1.S.T.). Thetotal record length has
aduration of about five and half hours which is incidently
the duration of observed large depletion as mapped on the
all-sky imaging photograph on that night. With the passage
of bubbles sudden increase in fading rate and scintillation
index take place. During the interval between two bubbles
the fading rate and the scintillation index are both reduced.
These measurements basically signify that bottom side
plasma depletion is accompanied by the 0.5-10 km scale
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sizeirregularities. Theequatorial station, Tirunelveli (8.67°N,
77.82°E) showed the onset time of scintillation as 1940 hrs
(1.S.T.) which is about 15 minutes earlier. There were 4
patches recorded during the time interval of passage of the
bubble at Kolhapur.

8. Observationson December 15, 1993

InFig. 8wepresent asequence of the Ol 630.0 nmimages
obtained on the night of December 15, 1993. This night
showsthemovement of airglow structureswith highrelative
intensity from north-west to south-east direction with an
apparent speed of 200 m/s. We note the movement of
airglow structures was not exactly confined in east-west or
north-south direction. And al sothemovement of theairglow
structures during different time of the night was not very
uniform. The sizes of the structures also keep on changing
with the evolution of time. Finally they leave the field of
view around 2200 hrs|.S.T.

9. Observationson January 15, 1994

Figure 9 depicts the movement of bright airglow (630.0
nm) structures shown by majentacol our from north to south
direction. Theairglow imageat thetop showstheappearance
of bright airglow intensity regions covering 2° in latitude at
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Fig. 10. The comparison of the zonal component of neutral wind velocity computed from Hedin’s model (HWM93) and the eastward component of
observed velocity of depletions (630 nm) from all-sky images on March 23, 1993 at Kolhapur (upper panel). The lower two panels show the
comparison between the observed meridional velocity of airglow structuresand the modelled val ues of meridional component of wind velocity using
HWM93 model for two nights (December 15, 1993 and January 15, 1994) at Kolhapur. Note the higher observed valuesthan their model predictions.
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the south of the station at 1923 hrs (1.S.T.) and a close
examination of the well-defined features in Fig. 9 reveals
that it moves totally towards the equator with an apparent
drift speed of 143 m/s. Finally, the airglow structures leave
thefield of view around 2032 hrs (1.S.T.). The most part of
the northern portion of the sky continues to remain in low
intensity and nearly at the threshold level of detection.

10. Drifts

Using the latitude and longitude grids (Fig. 4) of the
geomagneticfieldlinesat 2° interval for anassumedemission
height of 300 km, the eastern and western edges of the
depletion were determined at different times of the night of
23-24 March, 1993. The results indicate that the depletion
drifted towards east with a constant velocity of 140 m/s
during the night. On the basis of theoretical considerations
it issuggested that nighttime plasma drifts near the equator
areapproximately equal to F region neutral winds(Rishbeth,
1971; Heelisetal ., 1974). Therefore, withthisconsideration
in mind we intend to compare the observed eastward com-
ponent of the bubble velocity with F region neutral wind.
For numerical computation of neutral wind velocity we use
the Hedin's improved version (HWM93) of the model
(Hedin et al., 1996) for March 23, 1993 at Kolhapur. The
HWM93 model isan extension of theHWM87 and HWM90
models(Hedinetal., 1991; andreferencestherein) including
wind measurementsinthethermosphere. L atitude, longitude
and local time variations are suitably incorporated in the
horizontal wind vector and are represented by an expansion
in vector harmonicswith expansion coefficient represented
by aFourier seriesin day of theyear. The diurnal variations
of thezonal component of wind vel ocity computed from the
model are depicted in Fig. 10. The model predictions agree
very well with the observations during the night. This
compares well with the equatorial zonal neutral wind flow
measurements by Watson instrument aboard the DE-2 sat-
ellite in 1981 as well as the ground based zonal ion drift
measurement by the Jicamarcalncoherent Scatter Radar for
the corresponding period (Fig. 12 in Herrero et al., 1993).
The zonal plasmaflow at night isfound to closely coupled
to zonal neutral wind as a consequence of the F region dy-
namo. We also plot in the same figure the diurnal variation
of meridional component of neutral wind velocity using
HWM93 model at Kolhapur at 300 km altitude for 15
December, 1993 and 15 January, 1994 and compare them
with available observations described earlier. The wind in
theplotispositivewhenit movessouthward. It may benoted
that thelargest wind vel ocities (bothin meridional and zonal
components) occur in the evening to midnight hours as the
largest horizontal pressure gradients are generated in the
midnight hours. The reversal occurs in the local morning
hours due to building up of positive pressure gradient. The
observed values of the meridional movement of the airglow
structuresare also showninthefigure. Note the departure of
the meridional winds from the predictions. In general, the
observed values are higher than the modelled estimates.

11. Discussion and Conclusion
In this study we have presented few examples of the
thermosphericmotioninnorth-south and east-west directions

using a CCD based all-sky imaging system situated at alow
latitude station, Kolhapur in India, by studying nightglow
images at 630 nm. Since our goal was to examine the
signature of large scale ionospheric plasma depletions
(bubbles) and smaller scale size plasma irregularities we
have presented co-ordinated observations with ionosonde,
radio beacon scintillation taken simultaneously during the
image data set. The ionosonde provides evidence for F
region irregularities at the sight of observation. Additional
evidence of smaller scale sizeirregularitiesis provided by
radio beacon scintillation observation. The principal find-
ings can be summarized as follows:

1)The all-sky imaging has revealed the movement of
north-south (magnetic) aligned structures of airglow deple-
tions. East-west extension of thesedepl etionsvary from 50—
250 km with smaller structures (irregularities) as small as
few km in size within them give rise to radio beacon
scintillation. Thenorth-south extent of thesedepl eted plasma
regions are more than 1000 km in length. Because of the
very small magnetic declination at the observing site
Kolhapur (0.1' W), a clear distinction between geographic
and geomagnetic alignment is not possible. The optical
results for equatorial plasma bubbles presented also match
closely in spatial extent and scale length to the simulation
results reported by Zalesak et al. (1982) and with observa-
tions of Mendillo and Baumgardner (1982) and Weber et al.
(1978, 1980).

2)On comparisons with a standard emperical model
(HWM93), the observed zonal components of the plasma
velocity of the bubble do match favourably well with the
computed zonal component of neutral wind velocity at the
station. However, there are di screpanci es between observed
meridional movement of the thermosphere and the model
estimates. This could be due to lack of sufficient data
coverageinthelow latituderegion of thethermosphereused
to calculate the model coefficients.

Fejer et al. (1981) computed F region east-west drifts at
Jicamarca and obtained values of 130 m/s during the night.
Theobserved velocitiesof bubblesal so comparefavourably
well with the earlier observations of ionospheric plasma
bubblesfrom Brazil (Sobral et al., 1985). Yeh et al. (1979)
obtained aval ue of eastward component of bubbleas 150 m/
s using Faraday rotation experiment and VHF scintillation
measurement from a station Natal in Brazil. It seems the
value of 140 m/sisareasonable estimate of velocity of the
eastward component of the plasma bubble at the given low
latitude observing site. Though the observation was carried
out during low solar activity period in summer equinoctial
night (March 23-24, 1993), the results do not portray any
marked latitudinal gradient in bubble zonal velocity aswas
reported by Sobral etal. (1990) and Abduet al. (1987) using
two 630 nm scanning photometers over Cachoeira Paulista
(22.6°S, 45°W). Bittencourt et al. (1997) presented the first
simultaneous ionospheric, thermospheric and airglow ob-
servations in the Brazilian low-latitude region, to study the
generation and evolution of large-scale ionospheric plasma
depletions. Their observations support the present views of
equatorial plasma generation mechanism which include a
rapid post-sunset lifting of the equatorial F-layer and the
presence of a*“ seed perturbation” to generate the Rayleigh-
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Taylor instability in the evening equatorial F-layer. The
spread-F condition was prevailing in the F region of the
ionosphere and the thermospheric motion was confined in
the east-west direction with practically no movement in
meridional direction. Thisis perhapstheideal condition of
generating Spread-F irregularities in the post sunset hours
when the sunset terminator aligns itself along the
geomagenetic meridian and the result agrees well with the
theoretical model proposed by Tsunoda (1980). Further
detailed comparisons of the apex altitude of the plasma
depl eted flux tubeswhich arenot reported herewill bemade
with the similar characteristic observations reported by
Mendillo and Tyler (1983) in the American sector and more
recently by Sahai et al. (1996) in Brazilian sector.
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