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IONOSPHERIC IRREGULARITIES DURING QUIET TIMES AS 
MEASURED BY GROUND AND SATELLITE-BASED 

TECHNIQUES 

 

3.1   INTRODUCTION  

The existence of random electron-density fluctuations within the ionosphere is 

known as the ionospheric irregularities. At the altitudes of F-region, irregularities act 

stretched out along the lines of force soon after they are created, since electrons are 

free to move up and down along lines of force of the Earth's magnetic field. 

Therefore, ionospheric irregularities are possessing field-aligned (FAI) nature in the 

F-region. Ionospheric measurements by different techniques revealed the existence of 

both small and large scales (0.1 m to 1,000 km) anomalies in the ionospheric plasma 

density. The irregularities of plasma density give rise to the phenomena of equatorial 

spread-F on ionogram in the nighttime equatorial F-region, intense radio wave 

scintillations in trans-ionospheric propagation, plumes in range time intensity (RTI) 

records of backscatter radars, biteouts in measurements of airglow and plasma 

bubbles and blobs in satellite-based experiments. 

The spreading of the F-region trace on ionograms at nighttime, is generally, 

called spread-F. Booker and Wells (1938) first detected the equatorial spread-F (ESF) 

at Huancayo, a near magnetic equator station in Peru. Later similar spread echoes 

were observed at other equatorial stations of Singapore (Osborne, 1952), Ibadan in 

Nigeria (Wright et al., 1956), Kodaikanal in India (Barghava, 1958) and Djibouti in 

Djibouti(Halley and Gatty, 1966). Spreading of F-region traces on ionograms are 

classified into two main types, viz., "range spreading" and "frequency spreading". 

When the spreading is along the horizontal part of the trace, giving rise to the 

ambiguity in height with the critical frequencies identifiable, the spread is classified 

as ‘range spreading’ (Cohen and Bowls, 1961). When the spreading is maximum at 

frequencies close to the penetration frequency causing ambiguity regarding the 

identification of foF2, with the trace comparatively clear and sharp at lower 

frequencies, then it is classified as ‘frequency spreading’. However, on some 

occasions spreading is seen to be equally prominent in the height scale in the entire 

frequency range of the observed ionogram and is classified as ‘complete spreading’. 
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Range and frequency spreading of echoes seem to have different causes because they 

have different variations with location, level of solar activity, season and time of day.  

 It is established that the principal process causes for the creation of large-scale 

abnormalities is the Collisional Rayleigh Taylor (CRT) instability appliance operating 

during the post sunset bottomside F-region under certain favorable conditions like 

higher altitude of the F-region peak along with steep bottom side gradient of electron 

density; while a pecking order of plasma instabilities are believed to be the cause for 

the observed wide range of scale sizes, extending to shorter and shorter wave-lengths 

through secondary plasma processes. Among different scale sizes, the plasma 

irregularities of large-scale are noticed to develop first in the bottomside F-layer. 

However, depending on the region of ESF occurrence, Woodman and La Hoz (1976), 

from Jicamarca radar RTI (Range-time-intensity) maps, have categorized the 

irregularities into four different forms as valley spread-F between E and F-regions, 

weak bottomside spread-F, developed bottomside spread-F and the bubble/plume 

which expand from bottomside to the topside ionosphere. 

 In the ionosphere, owing to the maximum parallel mobility and conductivity, the 

signature of equatorial spread F can be noticed at low, middle and high latitudes 

between the Appleton (after Sir Edward V. Appleton) anomaly regions. Lyon et al. 

(1960) and Singleton (1960) showed the existence of a belt of high occurrence of 

spread-F between �200 magnetic latitudes. Ionogram ESF phenomena vary with the 

solar cycle, season and geomagnetic activity. Range spread is more common in high 

sunspot years and occurs during the pre-midnight period, while the frequency spread 

is more common in the summer months of low sunspot years and usually occurs in the 

predawn period. 

 

3.2    ESF TRIGGERING MECHANISMS 

Most important advances are achieved over the past few decades in 

understanding the fundamental plasma mechanisms regarding the onset and evolution 

of ESF through various experimental observations in addition to theoretical and 

numerical simulation studies (Fejer and Kelley, 1980; Ossakow, 1981; Kelley, 1989; 

Hysell, 2000, and Huba et al., 2008).  The primary process responsible for the 

generation of large-scale ESF irregularities is the Collisional Rayleigh-Taylor (CRT) 

instability mechanism. After sunset, in the absence of photoionization, bottomside of 
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the F-region ionosphere undergoes rapid ion-electron recombination and the electron 

density decreases resulting in the steepening of the vertical density gradient.  

The CRT operates at the bottom side F-region during the post-sunset periods 

under a certain favorable circumstances. These conditions include, for instance, the 

excursion of the F-layer to extremely high altitudes in the post-sunset hours, and/or 

formation of steep bottomside F-layer density gradient. After sunset, in the absence of 

photo-ionization, bottomside of the F-region ionosphere undergoes rapid ion-electron 

recombination and the electron density decreases rapidly, which resulting in a 

steepening of the vertical density gradient. In fact the situation during the post sunset 

ionosphere (F-region) is analogous to  a heavier fluid supported by a lighter fluid. 

This kind of equilibrium leads to the generation of a Rayleigh-Taylor instability. In 

case of the ionosphere, the magnetic field is lighter fluid. 

The irregularities resulting from the CRT instability mechanism forms 

depletions in plasma density (bubbles), which, in turn, rise nonlinearly to topside. 

These steeping plasma bubbles can divide and form as small scale structures by a 

cascade or two-step mechanism (Ossakow, 1981). It is understood that the small-scale 

irregularities (� 3m) are generated by the steep gradients of plasma density created by 

the Collisional Rayleigh-Taylor mechanism. However, BXE  and Rayleigh-Taylor 

instabilities seldom seem to account for either the broad range of the irregularities or 

altitudes in the range of 150-1500 km are noticed (Farley et al., 1970). 

 Due to the incapability of linear theory to explain most of the ESF phenomena, 

an era of non-linear theories has begun that have become successful in explaining 

different kinds of observations on ESF irregularities at various altitudes from different 

longitude sectors across the globe. Non-linear theories rely on the basic idea of the 

multi-step (hierarchy) process. The hierarchy is as follows: 

1) Collisional R-T instability mechanism driven by the zero order electron 

density gradient 

2) The instability in BXE  gradient drift arises because of the sharp density 

gradients set up by the collisional Rayleigh-Taylor mechanism  

3) Collisionless R-T instability in the region where collisions become negligible 

and grows due to the sharp density gradients, and finally,  
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4) Kinetic drift waves grow off these irregularities after they reach large 

amplitudes.   

Because smaller and smaller plasma density gradient scale lengths drive each 

succeeding process, all scale size irregularities will appear almost simultaneously. 

However, high-altitude irregularities first interpreted by Woodman and La Hoz in 

1976 are resulting from the Generalized Rayleigh-Taylor (GRT) instability’s non-

linear phase. Later, simulations of computer executed during that time could 

successfully enlighten how the long wavelength irregularities would become visible 

on both the topside and the bottomside of the equatorial F-region (Perkins et al., 1973; 

Zubusky et al., 1973; Scannapieco et al., 1976; Scannapieco and Ossakow, 1976; 

Keskinen et al., 1980). 

Hysell and Burcham (1998) discussed about the occurrence pattern on bottom-

type, bottom-side and topside echoes. Just after sunset bottom-type spread-F 

irregularities are formed. After sunset, they continue for several hours and those do 

not cause strong radio scintillations at VHF and intense ionogram spread-F as those 

are formed at low altitudes in the F-region and, consequently, damped by collisions 

and eventually disappear. 

Bottom-type layers of F-region are usually move down during the evening 

reversal of the regional electric field, in between 1800 and 2000 local time (LT) 

depending on levels of solar flux  and season. If they fall down sufficiently far, the 

destabilizing current driven by gravity will be offset by stabilizing the irregularities of 

zero-order and Pederson currents will be damped. But on the other incidents, bottom-

type layers of F-region will undergo sudden vertical expansion and become dynamic. 

This can be understood as given in the following lines: the vertical ion drift produced 

by the F-region dynamo action is maintained by the Pederson current through the E-

region (Haerendel and Eccles, 1992; Haerendel et al., 1992). When the E-region is 

sunlit, it almost entirely short-circuits the F-region polarization electric field. After 

sunset, however, E-region conductivity becomes too small to support the field aligned 

currents and as a result, vertical polarization fields develop in the F-region. The zonal 

plasma drift enhancement during nighttime is an outcome of this polarization field 

(Rishbeth, 1971; Heelis et al., 1974). In addition, due to recombination or a change in 

altitude of the flux tube, E-region loading of the flux tube diminishes and the 

collisional interchange instability develops fully. The shift in zonal plasma drift from 
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west to eastward has been observed experimentally, which is an indication of the 

unloading of the F-region ionosphere. 

 

3.2.1 The seeding of ESF 

Apart from the background ionospheric-thermospheric conditions described 

above, the occurrence of ESF necessitates the presence of a seeding perturbation. It 

was reported that gravity waves provide the seed mechanism for creating large-scale 

irregularities (Whitehead, 1971). It was proposed that gravity waves can produce 

strong ionization perturbations when the phase speed of a gravity wave is equal to the 

drift speed of ionization, which was termed the spatial resonance. Huang and Kelly 

(1996a) have extensively studied the properties of large-scale equatorial F-region 

irregularities produced by gravity waves, using simulations. They have separated the 

different processes such as spatial resonance and R-T instability to show their relative 

importance. It was concluded that the R-T instability is the most important 

mechanism for the production and the rise of the plasma bubble structures. Fagundes 

et al. (1999) also showed the importance of waves as seeding sources for the 

occurrence of ESF. Fejer et al. (1999) using the Jicamarca incoherent scatter radar 

observations during 1968-1992, concluded that when the drift velocities were large 

enough, the necessary seeding mechanisms for the generation of ESF always appear 

to be present. All these studies, even though differ regarding the importance of 

seeding perturbations, show that the background ionospheric and thermospheric 

conditions are the crucial factors for triggering the ESF.  

 

3.3  REVIEWS ON EARLIER STUDIES OF ESF 

It is a well known fact that the ESF occurrence varies with diurnal, seasonal, 

solar and geomagnetic related activities and geographical location (Tsunoda, 1981; 

Maruyama and Matuura, 1984; Aarons, 1993). In the Indian equatorial zone, a 

significant feature of the occurrence of spread-F conditions are the solar activity 

dependent seasonal behavior. The occurrence of spread-F peaks in the post sunset 

period during high solar activity periods (around 2000 LT) throughout equinoxes and 

lower in solstices, less during June solstices. The post sunset ESF is also observed in 

low solar activity epochs, but only with lesser occurrence during the equinoxes. 
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Chandra and Rastogi (1970) have shown marked differences in the seasonal and 

solar cycle variations of spread-F at the equatorial stations in South American, Indian 

and African zones. It was reported that at equatorial stations Ibadan, Djibouti (African 

sectors) and Kodaikanal (Indian sector) the spread-F increases with increasing solar 

activity, while at Huancayo and other locations in the American zone, there is least 

occurrence of spread-F during high solar activity years. Further, it was reported that 

the opposite solar cycle behaviors of spread-F at Huancayo and Kodaikanal which 

primarily is due to the significant longitudinal variation of the magnetic field along 

the magnetic equator. 

On the seasonal variation of ESF, Chandra and Rastogi (1970) reported that 

spread-F is greatest at stations in the American zone with a maximum in local summer 

and a minimum in local winter for any epoch of solar activity. At African stations a 

smaller seasonal variation is seen with maximum in June and minimum in December. 

On the other hand, spread-F at Trivandrum (dip 0.50 N) in the Indian zone showed 

equinoctial maximum in high sunspot activity years and a summer maximum in low 

sunspot activity years (Chandra and Rastogi, 1972b). During the post-midnight hours, 

peak occurrence of spread-F is noticed preceded by an irregular increase in the height 

of F-region (Chandra and Rastogi, 1972; Sastri et al., 1979a; Subbarao and Krishna 

Murthy, 1994). In the Brazilian sector, a pre-sunrise maximum of spread-F occurrence 

is also noticed at solar minimum during the December solstice (Mac Dougall et al., 

1998). 

At the equatorial station, Huancayo, Rastogi and Woodman (1978) compared 

the vertical incidence ionograms throughout spread-F conditions, and range-time-

intensity records of 50 MHz scatter echoes at Jicamarca and suggested that the spread 

-F is due to the reflection of radio waves from large scale irregularities with structures 

as small as 3m. 

With simultaneous drift observations at Thumba, the time of reversal of the drift 

direction from westward to eastward was found to have a prominent role in the 

occurrence of spread-F (Chandra and Rastogi, 1978). On the equatorial ionosphere in 

the Indian sector, it was suggested that the presence of eastward electric field is 

necessary to produce spread-F. 
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Chandra and Rastogi (1970, 1972a, b) and Rastogi (1980) attributed the seasonal 

variations of the incidence of spread-F at different longitudes to the time delays 

between the sunset and reversal of the ionospheric electric field. 

Rastogi (1983) from an examination of the ionograms at a chain of stations in 

the American zone showed that the spread-F first appears at low latitudes and later 

expands to higher latitudes with decreasing probability of occurrence. It has also been 

reported that spread-F at tropical latitudes is due to the superposition of irregularities 

drifting from the equatorial region along the geomagnetic field lines. 

The global distribution maps of ESF activity from the topside soundings by the 

Ionosphere Sounding Satellite-b (ISS-b) indicated the existence of a systematic 

longitudinal-annual variation. For instance, ESF activity shows a remarkable 

enhancement at the Atlantic longitudes throughout the northern winter period, at the 

pacific longitudes during the northern summer period and moderate growth at the 

Indian longitudes during the equinoctial periods (Maruyama and Matuura, 1984). 

Maruyama and Matuura (1984) attributed observational results to the trans-equatorial 

thermospheric wind, which suppresses the growth of gravity driven Rayleigh-Taylor 

instability and hence ESF activity. Further, it was suggested that the absence of trans-

equatorial thermospheric wind is one of the necessary conditions for the growth of the 

irregularities and such conditions tend to be satisfied during the northern winter at the 

Atlantic longitudes, during the northern summer at the pacific longitudes, and during 

the equinoxes at the Indian longitudes, where the directions of the thermospheric 

neutral wind during nighttime is in the perpendicular direction to the magnetic 

meridians.  

By comparing electron drift velocities at Jicamarca with corresponding 

ionograms and VHF radio scintillation records at Huancayo, Rastogi (1986) has 

reported that the day-to-day variability in the occurrence of ESF irregularities in the 

post-sunset period depends critically on the time of reversal of the Sq electric field. It 

has also been argued that the field reversal before sunset does not produce any spread-

F in the evening hours, while the continuation of the day-time electric field for a 

couple of hours after sunset at normal strength is a favorable condition for generating 

spread-F. 
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Alex et al. (1989) studied in the American region, the dynamics of the F-region 

of magnetic equatorial and low latitudes and reported that a prominent bulge of the F-

region was noticed within and below latitude 100N during the evening hours of the 

spread-F nights. It has also been reported that at the equatorial location a lower 

electron density and an enhanced concentration of electron density at the anomaly 

crest were noticed on spread-F nights and this is recognized as the process of evening 

plasma fountain at equatorial latitudes on spread-F nights. 

Rastogi (1990) made a review on the equatorial ionosphere and studied the 

phenomena of spread-F at low latitudes that are associated with the regeneration of 

the equatorial plasma fountain during the postsunset hours, similar to the daytime 

plasma fountain associated with equatorial ionization anomaly. 

Raghava Rao et al. (1992) with nonlinear numerical modeling, suggested that 

vertical downward winds in the ambient gas have the potential to cause the ESF 

bubble phenomenon, while an upward wind could inhibit the same. More clearly, a 

downward wind pushing the F-region into lower altitudes of higher recombination 

rates does favor the RT growth rate, while an upward wind acts otherwise. 

Mendillo et al. (1992) form a multi-diagnostic approach reported that the best 

available pre-cursor for pre-midnight ESF appears to be the strength of the 

electrodynamically driven Appleton anomaly pattern at sunset and that the correlative 

studies of the ESF activity and magnitude of meridional winds afford no convincing 

evidence of the wind suppression mechanism. Krishna Murthy (1993) made a review 

on the equatorial spread-F and discussed different instability mechanisms for the 

growth of the spread-F irregularities which occur over a wide range of scale sizes that 

include large and intermediate scales, transitional scales and small scale along with 

the relevant experimental observations. 

Subbarao and Krishna Murthy (1994) investigated the occurrence of spread-F at 

Trivandrum (dip 0.50N), an equatorial station in India, on a seasonal basis during both 

the solar epochs and interpreted the seasonal behavior in terms of the Rayleigh-Taylor 

(GRT) instability growth mechanism . The nighttime variations of the growth rate of 

irregularities have also been estimated using h’F values. Sekar et al. (1995) made an 

investigation of ESF plasma bubble characteristics by means of a non-linear 

numerical simulation with different background topside plasma density distributions. 
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It was revealed that the differences in the zonal widths and vertical extents of plasma 

bubble are due to the differences in the plasma density distributions in the topside 

ionosphere. It was also suggested that the upward drift of plasma bubble significantly 

depends on fraction depletion, which is controlled by the background topside electron 

density distribution and the fractional depletion in turn modifies the zonal and vertical 

extents of the plasma bubble. 

Wright et al. (1996) made a review on the ionograms spread-F using digital 

ionosonde observations and reported that the spatial structures of plasma density are 

responsible for spread-F at auroral and equatorial latitudes and suggested that 

equatorial bubble phenomena may be reconciled with the distinctive ESF pattern. 

Sastri et al. (1997) made a study on the ionospheric, thermospheric and geo-

magnetic conditions related to the onset of range spread-F at Fortaleza, Brazil in the 

June solstice. It has been found that the F-layer experiences quite consistently a large 

vertical drift early in the evening hours on the days of range spread-F compared to the 

days of only frequency spread-F. It has been reported that the prerequisite for the 

occurrence of range spread at Fortaleza in the June solstice is the existence of an 

impulsive large F-layer vertical plasma drift, a condition essential for destabilizing the 

bottom side F-region by a Rayleigh-Taylor mechanism. 

Chandra et al. (1997) operated digital ionosonde, scintillation recording system 

and Langmuir probe carried by a RH-560 rocket during spread-F condition from 

SHAR (dip 140N), a low latitude station in India and reported that the virtual height of 

the F-layer (h’F), rose to higher altitudes (~400 km) during spread-F days compared 

to non-spread-F days where it was located at an altitude of about 300-320 km. It has 

also been reported that the electric field reversal occurred around 1930 hours LT on 

spread-F days and around 1900 LT on days without spread-F and the upward vertical 

drift velocities exceeded 50 m/s on spread-F days. 

Rama Rao et al. (1997) studied the role of the equatorial ionization anomaly 

(EIA) in the generation of ionospheric irregularities during high solar activity. It was 

found that the spread-F occurrence is maximum during equinoctial months. And, also 

reported that a well-developed anomaly with crest located beyond the latitude of 180 

N is one of the base level conditions for the generation of spread-F and not the peak 

value of h’F value alone. It has also been reported the direction and magnitude of 
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meridional winds are very crucial in the generation of spread-F irregularities and the 

irregularity growth is suppressed due to the pole-ward wind. 

Raghavarao et al. (1999) presented Dynamic Explorer 2 (DE 2) satellite data 

evidence for downward vertical winds around the dip equator that are collocated with 

ESF associated irregularities. It has been reported that the EIA intensification is a pre-

requisite for the most enigmatic behavior of the post- sunset ESF occurrence. Further, 

it has also been reported that the EIA occurrence characteristics and allied vertical 

winds significantly contribute to the longitudinal, seasonal and solar cycle variations 

of the ESF/plasma bubble phenomenon. 

Whalen (2000) studied the dynamics of the interaction of the equatorial bubble 

with the anomaly crest. It has been found that the bubble was triggered by an 

upwelling of the bottom side F-layer during BXE  upward drift that is accelerated 

upward for a period of 15 to 20 min before the onset of irregularities. 

Theimann et al. (2001) studied the plasma bubbles in the post-sunset and 

nighttime during the equinox months (April and September in 1998) from SHAR 

station, a low-latitude Indian station, and reported that the parameters of plasma are 

different under two different conditions in the post-sunset ionosphere, when the F-

layer is moving upward (1921 LT) and when the F-layer is stationary (2041 LT). It 

has also been reported that low altitude plasma bubbles during the upsurge of the F-

layer in the phase of pre-reversal current enhancement is characterized by unstable, 

non Maxwellian regions. 

Devasia et al. (2002) studied the characteristics of thermospheric meridional 

winds during the equinox period related to ESF and their role in the triggering of ESF 

under different geophysical conditions. It was revealed that the magnitude and 

polarity of the meridional winds become significant for the instability to get triggered. 

It has also been reported that if the base of F-region is less than 300 km, equatorward 

wind enhances the possibility of ESF occurrence, while for the h'F> 300 km, gravity 

alone is capable of destabilizing the F-region irrespective of polarity of the meridional 

wind. 

Whalen (2003) performed measurements in the Western American sector by 

employing a latitudinal arrangement of ionospheric sounders from 00 to 400 dip 

latitudes to verify the proper relationships between equatorial bubbles and equatorial 
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anomaly. It has been found that the electron density at anomaly crest is linearly 

dependent on maximum BXE  drift velocity. Further, it has been reported that the 

ESF occurrence is dependent on and increases linearly with maximum BXE  drift 

velocity. 

Jyothi et al. (2004) carried out detailed studies on the occurrence of bottomside  

ESF and thermospheric meridional wind characteristics just before the ESF 

commencement using ground based data. It has been noticed that if the base height of 

the F-region is above a certain level, ESF occurred below both equator ward and pole-

ward wind environment. On the other hand, if h'F is below the certain level, ESF 

occurred only in the presence of equator-ward wind. This has been attributed to the 

threshold height (h'Fc) gleaned out on the basis of the polarity of the meridional 

winds, which is shown to bear a linear relation with solar activity. 

With the simultaneous scintillation measurements at VHF (244 MHz) and L-

band (1.5 GHz) made at Waltair, Rama Rao et al. (2005) suggested that the incident 

of scintillations may be categorized into two types; the plasma bubble induced (PBI) 

that maximizes in the post sunset hours of winter and equinoctial months and the 

bottomside sinusoidal (BSS) type that maximizes throughout the post-midnight hours 

of the summer months. 

It has been also identified that the neutral dynamics play a role in dictating the 

inhibition and exhibition of ESF irregularities. For instance, Manju et al., (2007) 

investigated the seasonal and solar activity dependence on threshold height (300 km) 

of the base height of the F-layer (h’F) for magnetically quiet periods. They recognized 

the significance of neutral dynamics in controlling the diurnal variability of ESF. 

Li et al. (2007) have used ion density and drift measurements from ROCSAT-1 

and DMSP satellites to examine the correlation of longitudinal/seasonal (l/s) 

variations in the evening pre-reversal vertical drift velocity at the magnetic equator in 

the topside ionosphere and the plasma bubble (PB) occurrence probability. The 

analysis performed for three years 2000–2002 (solar maximum), provides consistent 

evidence as the ground observations that the equatorial PB occurrence is dependent on 

and increases approximately linearly with PRE, and the l/s variations of PRE play an 

important role in the global l/s distribution of PB occurrence. The solstitial evening 

PRE and equatorial PB occurrence show similar longitudinal variations: During June 
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solstice, two peaks appear in the African and Pacific longitude sectors, and two 

minimums are observed in the Indian and American regions; During December 

solstice, the situation is approximately opposite. The equinoctial longitudinal effects 

are comparably small. It is concluded that the large-scale l/s variations of equatorial 

PB occurrence can be closely related to the l/s variations of the PRE. 

A study conducted by Uemoto et al. (2010) on the relationships between the 

base height of the F-layer (h’F), onset times of ESF and with equatorial electrojet 

strength at Phuket (8.10 N, 99.40 E, 0.10 N), a typical equatorial station in Thailand 

region, has revealed that the EEJ could dictate the onset of ESF in such a manner that 

the negative (positive) excursion in EEJ strength (~1-2 hours prior to sunset) inhibits 

(exhibit) the ESF occurrence. This observational evidence has indicated that the 

currents and/or electric fields of the E-region dynamo are related to F-region 

dynamics and ESF on sets around post-sunset times.  

Shi et al (2011) made an attempt to study the correlation between strong range 

spread-F (SSF) and ionospheric scintillations during 2003-2007 period, which belongs 

to declining solar cycle 23, at a typical low-latitude station Hainan (109.10E, 19.50N; 

dip latitude 90 N). It has been found that the minimum and maximum occurrence of 

SSF is noticed in the same months as those scintillations and both scintillations and 

SSF varied equally. And, it is also observed that both phenomena decreased from the 

high solar activity year to the low solar activity year. The almost similarities of these 

two phenomena are representing the connected mechanisms that producing 

scintillations and SSF. 

Paznukov et al. (2012) reported on the occurrence of equatorial plasma bubbles 

longitudinal, local time and seasonal and L band scintillations during 2010 in  

equatorial Africa. It was found that plasma bubbles and scintillations are 

predominantly observed during equinoctial periods at equatorial African regions. 

However, the Atlantic sector has witnessed most intense, long lasting and highest 

scintillation occurrence rate in equinox. These intense observational results does not 

only suggest the occurrence of plasma bubbles and scintillations are well correlated 

over African equatorial regions, but also satisfying the famous hypothesis put forth by  

Abdu et al. (1981) that the occurrence rates of plasma irregularities, high during a 

particular season at a longitude sector where the solar terminator perfectly aligns with 

the local geomagnetic field.          
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 3.4 NEED OF THE STUDY    

The Indian sector covers latitudes vary from the magnetic equator to the 

northern anomaly crest and beyond up to 270N geomagnetic latitudes and Waltair 

(17.70N, 83.30E , Dip 200) has been equipped with various observational facilities 

including an IPS 42 Digital ionosonde, VHF (244 MHz) and L-band (1.5 GHz) 

scintillation recording systems and a tilting airglow photometer.  

In the light of all earlier studies on the spread-F occurrence, it is felt that the 

occurrence characteristics of spread-F and its variation with season and solar activity 

on a short term basis from low latitude (Waltair) will be of immense use in a better 

understanding of the dynamical characteristic of ESF and the plasma density 

irregularities. It has been found by various researchers that both ESF irregularities and 

scintillations are associated with nearly equal morphological features, which indicates 

that the generation mechanism of them is same. By keeping these things in mind, in 

this research, it is reported in occurrence percentages of spread-F and scintillation 

index at Waltair between 1997 and 2002. It is, therefore, expected that simultaneous 

observations of percentage occurrence of spread-F and scintillations will have 

provided us a good opportunity to study the exact relation between spread-F 

irregularities and scintillations at Waltair, a typical low latitude station in India that 

situated at the transition zone between the equator and Appleton anomaly crest region.  

Apart from this, we also report on the ionospheric plasma irregularities during 

post-sunset times on 14, 15, and 16 October 2001 at Indian longitude sectors using 

CHAMP, ROCSAT-1 and DMSP satellite observations as these satellites enable us to 

know the maximum apex altitude to which the plasma bubbles reach as the orbital 

altitudes of these satellites are ~ 400, 650, and 850 km respectively. We will also 

show that the simultaneous observations of ionospheric irregularities using above 

satellites that allowed us to ascertain the generation mechanism of plasma blobs and 

their relationship with plasma bubbles at different altitudes at the Indian longitude 

sector.  

  

3.5 DATA AND METHODOLOGY 

Spread-F data obtained at Waltair, a typical low latitude station situated at the 

transition region between the equatorial trough and anomaly crest regions, using the 
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digital ionosonde (IPS-42 procured from KEL Corporation, Australia). The mean 

percentage occurrence of spread-F is computed for each quarter hour data and 

expressed as a percentage for the month as the ratio of the number of days on which 

spread-F is present to total number of days of observation. 

i.e. % occurrence = 100
.

. X
monththattimeinthatatnobservatioofdaysofNo
monthaintimethatatFspreadshowingdaysofNo  

The data thus obtained is compared with the corresponding amplitude 

scintillation data obtained during the period of 1997–2002. 

It is true that ionosonde field of is ~900 covering ~600 km diameter, while 

scintillations represent a much smaller area. Added to this, ionograms show signatures 

of irregularities around the peak of the F-layer and below, while satellite 

measurements indicate the presence of irregularities even well above the peak of the 

F-layer as well. However, most of the amplitude scintillation effects seem to come 

from irregularities in the vicinity of the maximum of the F-layer (Rama Rao et al., 

2004). Since the sub-ionospheric points of the 244 MHz signal ray path (16.40N, 

82.50E) and that of the ionosonde vertical (17.70N, 83.30E) are relatively nearer, the 

scintillations data on 244 MHz and spread-F on ionograms is compared. The salient 

features in the variations of the percentage occurrence of spread-F and scintillations, 

the onset times of spread-F at Waltair (latitude 17.70N, longitude 83.30E) (low latitude 

station) and the percent occurrence of pre and post-midnight scintillations and the 

percent occurrence of both spread-F and scintillations during quiet and disturbed 

conditions during half a solar cycle (1997-2002) are presented. 

 

3. 5.1  Typical records of Scintillations and Spread – F over Waltair 

 The occurrence of ESF on ionograms is in generally correlated with the 

occurrence of amplitude scintillation of trans-ionospheric satellite signals. From the 

various radio wave propagation measurements, one can infer that various effects on 

the radio signal are caused by the irregularities of electron density, present across the 

ray path and aligned along the earth’s magnetic field lines. It is known that the 

irregularities are generated over a wide range of altitudes, and different latitude 

regions. As per as the comparions between ESF irregularities and amplitude 

scintillations are concered, both of them are located near the peak of the F- layer and, 

therefore, comparisons between them assume good significance.  
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Some typical records of nighttime scintillations and spread-F over Waltair 

observed during the present period of study are presented in Figures 3.1 and 3.2 

respectively. A typical record on 9 September 2000 (high sunspot year with Rz =119) 

at Waltair that showing long duration scintillation patches during pre and post-

midnight hours are presented in Figure 3.1. It is observed from Figure 3.1 that the pre-

midnight scintillation activity started around 1935 hrs IST and continued up to 2204 

hrs Indian standard time (IST; IST= UT+0530 hrs) with a patch duration of about 02 

hours 30 minutes. Later, the scintillation activity again started abruptly at 2226 hrs 

IST and continued till 0330 hrs IST. Peak-to-peak amplitude of the scintillation 

activity throughout the night remained almost at the same level (15 dB) till 0030 hrs 

IST and then slowly decreased until it disappeared after 0330 hrs IST.  

A typical record showing ionograms and corresponding scintillations on 29 

January 2001 which are presented in Figures 3.2(a), 3.2(b), and 3.2(c). The onset of 

spread-F on the ionograms is seen at 2000 hrs IST which intensified by 2100 hrs IST 

as can be seen from the ionograms. The intensity of spread-F slowly decreased 

(around 2300 hrs IST) and started disappearing afterwards. Again, it started 

reappearing around 0030 hrs IST and disappeared around 0245 hrs IST. The 

corresponding scintillation record shows that the onset of scintillation is gradual at 

2023 hrs IST and continued with small depth of fading till 2140 hrs. Afterwards, 

scintillation activity persisted till 2330 hrs IST with intense fading and continued up 

to 0045 hrs IST. The scintillation activity again started around 0134 hrs IST and 

continued till 0300 hrs IST. From these two records, it can be seen a good 

correspondence between the occurrence of spread-F and scintillations. However, with 

small time differences in their onset and durations. For example, the onset of spread-F 

is earlier to that of scintillations and the durations of spread-F occurrences are greater 

than those of scintillations.  
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3.5.2  Nocturnal Variation of Scintillations 

With a view to make a study on the nocturnal variation of scintillations over 

Waltair at different depths of fading, the intensity of scintillations is qualitatively 

assigned the indices as strong (fading depth>10 dB), moderate (5 to10 dB) and weak 

(<5 dB). The nocturnal variation of strong, moderate and weak scintillations at 

Waltair during the moderate sunspot year (1998) and high sunspot year (2000) is 

shown in Figure 3.3.  It is clearly seen from this figure that saturated and strong 

scintillations occur during pre-midnight hours with amplitude excursions exceeding 

10 dB compared to the other two indices and decreases gradually during the post-

midnight hours. On the other hand, moderate (5 to10 dB) and weak (<5 dB) 

scintillations show similar variations and are seen during pre and post-midnight hours 

of both high and low sunspot years. Sushil Kumar and Gwal (2000) studied the 

characteristics of VHF ionospheric scintillations of an anomaly crest region and 

reported that very intense scintillations mainly occur in the pre-midnight period, and 

in the post-midnight period, the scintillations are generally moderate (5-10 dB) or 

weak (<5 dB).  

 

Fig. 3.3 Nocturnal variation of scintillation occurrence during moderate 
(1998) and high (2000) sunspot number years 
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3.5.3 Local time dependence of the onset of Scintillations 

The distribution of scintillation events observed as a function of time of onset 

over Waltair for every 15 minutes between 1800–0600 hrs IST (Indian standard time) 

during half a solar cycle (1997–2002) presented as a function of local time in Figure 

3.4. A total of 1346 events has been identified during the above period of observation 

(1997-2002). It is seen from the figure that the onset of scintillations is more probable 

during pre-midnight hours and less during post-midnight hours. Scintillation patches 

start appearing as early as 1800 hrs IST (during 1997 and 1999) and reaches a peak 

value by about 2000 hrs IST scintillations start decaying gradually around 0500 hrs 

IST. 

 
Fig. 3.4 Local time dependence of the onset of scintillations 

 From 244 MHz scintillation studies made at a Southern low latitude station, 

Arequipa (16.40S) during the solar maximum period of 1979-1980, Das Gupta et al. 

(1983) reported that the scintillations at Arequipa occur in patches reaching saturation 

within a couple of minutes after onset. Code and Navneeth (1983) studied ionospheric 

scintillations in Nagpur, India and reported that the onset time of scintillation was 

found to be predominantly around 1930 hrs IST. It was also reported that out of 57 

occasions, scintillations commenced at about 1930 hrs IST, and this was explained in 

terms of sunset timings at the mean field height of the ionosphere. It was related the 

onset times of the observed scintillations with the sunset timings at the apex altitude 
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of the geomagnetic field line that connected to the observed area on the ground. By 

doing this, it is possible to evaluate the rapid change of the evening zonal electric field 

that strongly affects the equatorial ionosphere and variability of scintillations (Farley 

et al., 1970).      

 Figure 3.5 shows the presence of VHF scintillation over Waltair during half a 

solar cycle period from 1997 to 2002, and each vertical line represents the scintillation 

activity for each day of observation. It is seen from this Figure that the nature of 

scintillation activity at Waltair is found to be patchy with short as well as of long 

durations. The total duration of scintillations during the above period of observation is 

about 2870 hours spread over 787 days out of 1652 days of observation at this station. 

It is also seen that moderate to strong scintillations occurred in equinox and winter 

months, each event lasting for durations varying between 1 and 8 hours. Further, it is 

seen from the Figure that the scintillation activity increases with sunspot activity over 

which the seasonal modulation in the occurrence is also present. 

 

 

Fig. 3.5 Occurrence of VHF scintillations at Waltair during 1997-2002 
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Figure 3.6 depicts the month-to-month variation in percent occurrence of 

scintillations at Waltair both during pre and post-midnight hours for half a solar cycle 

(1997–2002) period along with monthly mean sunspot numbers. It is observed that the 

scintillation events during pre-midnight hours are more prominent compared to those 

during the post-midnight hours. Some salient features as observed from Figure 3.6 are 

presented hereunder. 
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Fig. 3.6 Month to month variation of scintillation occurrence during the pre and 
post-midnight hours over Waltair for the six different years 

 The percent occurrence of scintillation during post-midnight hours are scanty in 

nature over Waltair and was totally absent during equinox and winter solstice months 

of low sunspot years. However, during summer solstice months of low sunspot years, 

the percent occurrence of scintillations during post-midnight hours is moderate (10%) 

and nearly absent during the summer solstice months of high solar activity years.  
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From the ionospheric scintillation observations made in Bhopal, India during a 

high sunspot year 1990, Sushil Kumar et al. (1993) studied the characteristic 

variations of scintillation activity and reported that the scintillation patches are more 

frequent in the pre-midnight period of winter and equinox months. During summer 

scintillation patches are more frequent in the post-midnight period. Further, the 

association of scintillation activity with sunspot number is in good agreement with the 

results reported at equatorial stations (Rastogi et al., 1990 and Pathan et al., 1991) and 

at anomaly crest stations (Das Gupta et al., 1981 and Pathak et al., 1995) in the Indian 

sector. 

3.6   COMPARISON OF SPREAD-F AND SCINTILLATION OCCURRENCE 
DURING HALF A SOLAR CYCLE (1997–2002) 

With a view to study the nocturnal and solar cycle variations of spread-F and 

scintillations, the occurrence of spread-F and scintillations scaled at every 15 min 

interval during half a solar cycle period (1997-2002) are considered and presented in 

Fig. 3.7 through Fig. 3.9. It is seen from Fig. 3.7 that the peak occurrence of spread-F 

is between 2000 to 2100 IST, while the peak occurrence of scintillation activity is 

between 2100 and 2200 hrs IST during all the years. The percentage occurrence of 

spread-F and scintillations is maximum during the pre-midnight hours of high sunspot 

years of 2000 and 2001, whereas the percentage occurrence of spread-F shows 

maximum occurrence during the post-midnight hours of the low sunspot year (1997). 

Further, it is interesting to note that both spread-F and scintillations are closely 

associated with each other and suggests that the spread-F and scintillation occurrences 

increase as the solar activity increases. 

Huang (1970) studied the temporal variations of spread-F and scintillations at a 

low latitude station and reported that the spread-F is maximum in 2100 hrs LT during 

the equinox of high sunspot periods, whereas it is maximum around 0300 hrs LT 

during summer at low sunspot periods similar to the results observed at Waltair. 
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Fig. 3.7 Nocturnal and annual variation of spread-F and scintillations over 

Waltair during a half-a-solar cycle (1997-2002) 

 Figure 3.8 shows the contour plots of percentage occurrence of spread-F and 

scintillation on grid of months versus local time for a moderate sunspot year 1998, in 

which the left-hand side panel shows the occurrence of spread-F while the right-hand 

side panel shows the occurrence of scintillations. It is seen from this figure that the 

spread-F occurrence maximizes (40 to 60%) in the pre-midnight hours (2100 hrs IST) 

in the equinox months March and October while it is minimized (10%) during the 

summer months May to August. Similarly, the scintillation occurrence maximizes (30 

to 60%) in the pre- midnight hours (2100 hrs IST) during the same equinox months, 

while it is minimum in summer months. Further, it is seen that the spread-F and 

scintillation activity are moderately high (5 to 20%) during the post-midnight hours of 

summer months.   
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Fig. 3.8 Contour plots showing the occurrence of spread-F and scintillations over 
Waltair during moderate (Rz=65) sunspot year (1998) 

Figure 3.9 shows the contour plots of the percentage occurrence of spread-F and 

scintillation on a monthly grid versus local time for a high sunspot year of 2000. It is 

seen from this Figure that the percentage occurrence of spread-F maximizes (40 to 

80%) in the pre-midnight hours, around 2100 hrs IST in the equinox months March, 

April, September and October, while it is minimum in summer months. Similarly the 

scintillation activity maximizes (30 to 60%) in the pre-midnight hours around 2100 

hrs IST in the equinox months, while it is low in the summer months. However, 

during this sunspot activity year the spread-F and scintillation occurrence is minimum 

or absent during the post-midnight hours of summer months. De Mederios et al. 

(1983) found that there is statistically very close relationship between pre-midnight 

spread-F occurrence in Fortaleza (latitude 40S, longitude 380W, dip 90S) and VHF 

scintillation at Natal (latitude 5.90 S, longitude 35.20 W, dip 6.40 S), in that both show 

peak occurrence in equinox and winter months. It was also reported that there is a 



88 
 

very close association between the times and durations of occurrence of spread-F and 

scintillations. 

 

Fig. 3.9 Contour plots showing the occurrence of spread-F and scintillations over 
Waltair during high (Rz=119) sunspot year (2000) 

 
Iyer et al. (2003) from a comparison between both scintillation and spread-F 

occurrence at the equatorial (Kodaikanal) and anomaly crest (Ahmadabad) stations 

reported a high and broad peak occurrence (90%) of spread-F centered during 

midnight around the June solstice of low sunspot period at the equatorial stations 

which is not associated with any corresponding feature in scintillation, the maximum 

occurrence of which is 40%. This may indicate that this spread-F is due to weak 

irregularities, the probability of which is high at this time (Chandra and Rastogi, 

1972a) and of scale sizes not effective in scattering the VHF trans-ionospheric 

signals. However, the occurrence of scintillation and spread-F has comparable 

magnitudes (40 to 70%) during pre-midnight of the equinox when the probability of 

spread-F due to strong irregularities is also high (Sastri et al., 1979) and they are 

effective in producing scintillations during the high sunspot period. Spread-F shows 
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high occurrence during the pre-midnight period of equinox and a peak occurrence of 

comparable magnitudes during the midnight-post midnight period in summer solstice 

months. The occurrence of scintillation is more frequent than that of spread-F during 

high sunspot year, which may be due to the substantially higher probability of plasma 

bubbles in the season that extend to higher altitudes and produce scintillations at VHF 

but do not influence the lower altitude spread-F echoes (Abdu et al., 1985). 

 
3.7 SIMULTANEOUS OBSERVATIONS OF IONOSPHERIC IRREGULARITIES 

AT DIFFERENT ALTITUDES-SATELLITE PERSPECTIVES 
 

It is known that no consensus has so far been established among community on 

the generation mechanism of ionospheric plasma blobs and their relationship with 

plasma bubbles at different altitudes. On the other hand, it has been well accepted 

through plentiful of observational evidences that the plasma blobs always appear at 

higher magnetic latitudes i.e. ~ between ±050 and  ±200 from the magnetic equator. 

 

3.7.1. Brief introduction of CHAMP, ROCSAT-1 and DMSP Satellite 
instrumentation 

In July 2000, CHAMP satellite was launched into a near-circular orbit with the 

inclination angle of 870. Its altitude was 460 km right at the end of 2007. It has been 

decreasing slowly up to 350km after the launch. From August 1981 to February 1983, 

the ionospheric sounder at the lowest altitude after Dynamic Explorer (DE-2) which is 

operated. It’s local time varies by about 5.5 minutes per day, far-reaching all time 

zones in 131 days. A Planar Langmuir Probe (PLP) which takes in-situ measurements 

of electron number density. The supposed data rate of PLP is 15 s. 

On 16 January 1999, ROCSAT-1 (also known as FORMOSAT-1) was launched 

into a 600-km circular orbit with the inclination of 350. Its Ionospheric Plasma and 

Electrodynamics Instrument (IPEI) are consisted of an Ion Drift Meter (IDM), an Ion 

Trap (IT), Retarding Potential Analyzer (RPA), that provides ion density, temperature, 

and flow velocity vector respectively. The supposed data rate was 1 Hz, but the ion 

density might be given at a rate as high as 1024 Hz (Le et al., 2003).  

The U.S. Department of Defense launched the Defense Meteorological Satellite 

Program (DMSP). At about 850 km altitude, the DMSP satellites were launched in 

Sun-synchronous circular polar orbits. The data taken in this study is from the DMSP 
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F12, F14 and F15 satellites only. The ‘‘Special Sensors-Ions, Electrons and 

Scintillations (SSIES)’’ is a package for in-situ observation of the ionosphere. It 

contains a suite of instruments including Retarding Potential Analyzer (RPA), Ion 

Drift Meter (IDM), Scintillation Meter (SM) and Langmuir Probe (LP) which can 

provide plasma temperature/density, ion composition, and velocity vector for every 4 

seconds (Park et al., 2003).  

3.7.2 Case study of 14 October 2001 

In order to examine the width of plasma bubbles and blobs in the 

longitudinal (zonal) direction, we have verified temporal variations of ion 

densities.. In general, the width of a plasma bubble and blob is the scale size of the 

bubble/blob in the zonal direction, or the distance between east and west 

wall/boundary of the plasma bubble and the sharp decrease/increase of the ion 

density from its background value can be considered to determine the boundary of 

the plasma bubble/blob (Huang et al., 2011). The identified plasma bubbles/blobs 

are marked with gray shading and the same convention is followed throughout this 

manuscript. Panel 1 in the following Figures shows the temporal variation of 

plasma densities probed by satellites at different altitudes, while panels 2 and 3 in 

Figures depict temporal variations of ion velocity components in Vy and Vz 

probed by ROCSAT-1 and DMSP satellites. It is to be noted that the satellite’s 

location in geographic coordinates (GLAT and GLONG) as well as in CGM 

coordinates (MLAT) and the corresponding local times are included in the 

annotation of plotted Figures.     

Figure 3.10a shows the temporal variations of ion densities between 1521 

and 1535 UT on 14 October 2001 probed by PLP on- board the CHAMP satellite. 

The ion densities between ~86091’E and 86094’E longitudes show a plasma 

bubble and the ambient density inside this bubble is found to reach to a minimum 

magnitude of ~2.0 x 106/cm3, whereas the background densities are found to be 

varied between ~ 3.0 x 106/cm3 and 3.5 x 106/cm3. Since this plasma bubble is 

found at 130 MLAT at an altitude of ~420 km, apex altitude that it reached over 

the magnetic equator is around 764 km, which is calculated by tracing the 

magnetic field lines between mid/low latitudes and magnetic equator. Figure 

3.10b shows the temporal variations of ion density, ion horizontal (Vy) and 
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vertical velocities (Vz) probed by the IPEI instrument on -board the ROCSAT-1 

satellite starting from 1323 UT to 1833 UT on 14 October 2001. It is obvious from 

this figure that not only the frequent density depletions were present during this 

satellite pass, but also the deeper density depletions were found to be prevalent in 

the Indian longitude sector between ~ 710 26’E and 940 98’ E, between ~800 27’E 

and 840 23’E, and between ~890 06’E and 910 87’ E. Panels 2 and 3 of Figure 

3.10b show the corresponding drifts, where in the positive values corresponding to 

the northward plasma flows, Vy represents  a parallel-to-field component of the 

ion drift velocity. Vz refers to the component of ion drift in the magnetic meridian 

plane; the positive values represent the outward plasma flows (Su et al., 2002). By 

inspecting the coincident Vy and Vz components, it is evident that the Vy 

component is showing southward plasma flows during these intense plasma 

bubbles, while Vz values are associated with magnitudes of ~ 40-50 m/s when 

deep plasma bubbles are noticed in ion densities. It is true that the relations 

between Vy and Vz components can not provide any clues for the generation of 

higher altitude plasma blobs or the relations between plasma bubbles and blobs. 

However, Vz component is able to provide clues on the polarization electric fields 

that often dictates the fate of plasma blobs. 

 

Fig. 3.10a Temporal variation of ion densities on 14 October 2001 probed by              
PLP onboard CHAMP satellite 
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Contrary to CHAMP and ROCSAT-1 satellites, DMSP F14 satellite, as 

shown in Figure 3.10c, has observed a plasma blob on 14 October between 

70028’E and 70028’E longitudes and beyond 130 98’N MLAT and it is 

characterized with 3.10 x 105/ cm3 ions, whereas the background densities are 

found to be around 1.3 x 105/ cm3 ions. The apex altitude of this blob over the 

magnetic equator is found to be located at 1262 km. Further, the dominant 

features in Vy and Vz components are their anti-correlation which is known as 

mirroring effect (Behnke and Harper, 1973).. The mirroring effect between Vy 

and Vz components, as measured by ROCSAT-1 satellite, has been theoretically 

studied by Rishbeth et al. (1978) that only operates on mid-low latitudes and 

becomes ineffective with decreasing dip angle. Our intention here is that the 

observational results of present research have also shown anti-correlation between 

Vy and Vz components in the similar lines with earlier studies (Behnke and 

Harper, 1973; Zhao et al., 2008).       

 

Fig. 3.10b Temporal variations of ion density (bottom panel), ion horizontal (Vy)              
(mid panel) and vertical velocities (Vz) (top panel) on 14 October 2001 probed  by the 

IPEI instrument on-board the ROCSAT-1 satellite 
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Fig.3.10c Temporal variations of ion density (bottom panel), horizontal (Vy)(mid 
panel) and ion vertical velocities (Vz) (top panel), probed by the DMSP satellite on 14 

October 2001 

 

3.7.3 Case study of 15 October 2001                     

Figure 3.11a shows the temporal variations of ion densities between 1605 

UT and 1616 UT on 15 October 2001 probed by PLP on board the CHAMP 

satellite. The ion densities between 730 07’E and 730 10’E longitudes and between 

73005’E and 73006’E longitudes show deep and moderate plasma bubbles and the 

ambient densities inside them are found to reach minimum magnitudes between 

~1.1 x 106/cm3 and ~2.0 x 105/cm3, whereas the background densities are found to 

be varied between ~ 1.6 x 106/cm3 and 3.6 x 106/cm3 respectively. Since these 

plasma bubbles are found to be located beyond 190 N and 250 N MLAT, it can 

understand that these bubbles would have reached to apex altitudes of around 

1076 and 1592 km over the magnetic equator. Figure 3.11b shows the temporal 

variations of ion density, Vy and Vz velocities probed by the IPEI instrument on 

board ROCSAT-1 satellite starting from 1341 UT to 1691 UT on 15 October 2001. 

It can be seen that four plasma bubbles are present in the ion densities between 
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70013’E and 700 58’E, 73037’E and 750 90’E, 78003’E and 810 36’E, and 82095’E 

and 84063’E. Among these, bubble located between78003’E and 810 36’E seemed 

to characterize with a wider zonal extent (~ 350 km) and lower densities of 

approximately 5.0 units only, implying that this wider bubble has severely 

depleted. Though temporal variations of Vy and Vz, shown in panels 2 and 3, 

during 15 October are showing negative and positive velocities in the same lines 

with that observed on 14 October, Vz velocities during severely depleted 

depletions are showing higher velocities (reached to greater than 100 m/s), 

indicating an extra electric field has been generated in this deeply depleted and 

wide plasma bubble (Huang et al. 2011). Figure 3.11c shows temporal variations 

of ion densities, Vy and Vz components observed by the DMSP F14 satellite from 

1530 to 1543 UT. It is clear that four plasma blobs are found to be located 

between 77012’E and 77021’E, 76041’E and 76057’E, 75030’ E and 75046’ E and 

730 54 E and 730 65’ E longitudes. The anti-correlation relationship between Vy 

and Vz components is also established at an altitude of the DMSP F14 satellite as 

can be seen from the panels 2 and 3 of Figure 3.11c, although the polarities of 

them are reversed when compared with that observed at ROCSAT-1 altitude.  

 

Fig. 3.11a Temporal variation of ion densities on 15 October 2001 probed by PLP on 
board CHAMP satellite 
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Fig. 3.11b Temporal variations of ion density (bottom panel), ion horizontal (Vy) 
(mid panel) and vertical velocities (Vz) (top panel) on 15 October 2001 probed by the 

IPEI instrument on board ROCSAT-1 satellite 

Fig. 3.11c Temporal variations of ion density (bottom panel), ion horizontal (Vy) 
(mid panel) and vertical velocities (Vz) (top panel), and on 15 October 2001 probed 

by the DMSP satellite 
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3.7.4 Case study of 16 October 2001 

The temporal variations of ion densities, as observed by PLP instrument on 

board the CHAMP satellite from 1531 UT to 1543 UT, are shown in Figure 3.12a. 

It can clearly be seen from this figure that a series of plasma bubbles are present in 

ion densities with deep depletions between 830 61’E and 820 69’ E longitudes and 

140 and 200 N latitudes. The apex altitudes of these plasma bubbles are found to 

be around 611 km, 767 km and 976 km. Figure 3.12b shows the temporal 

variations of ion densities, Vy and Vz velocities probed by the IPEI instrument on 

board the ROCSAT-1 satellite between 1360 UT and 1710 UT. It can clearly be 

seen from the lower panel of Figure 3.12b that deep and wide plasma bubbles are 

present in the ion densities between 890 03’E and 920 43’E longitudes and 840 

88’E and 860 87’ E along with moderate and narrow plasma bubbles between 810 

53’ E and 830 51’, 880 65’E and 900 46’ E, and 910 97’ E and 930 67’ E longitudes. 

The apex altitudes of these bubbles are found to be located at 1352 km, 689 km, 

754 km, 651 km, and 650 km. Although Vy and Vz components are showing 

negative and positive velocities in the same lines with that observed during 14 and 

15 October, Vz component between 890 E and 920 E longitude and 850 E and 870 

E is showing negative excursions for a while. Figure 3.12c shows temporal 

variations of ion densities, Vy and Vz components observed by the DMSP F12 

satellite from 1418 to 1431 UT. It is interesting to note that a plasma blob, which 

is located between 750 93’ E and 740 75’longitudes, is found between 27019’N and 

270 89’ N latitudes (apex altitude of this blob is 1892 km) and more than two 

plasma bubbles are present in ion densities between 790 88’ E and 80063’E and 

780 23’E and 790 67’ E longitudes at very near to latitudes of the magnetic equator. 

Interestingly, Vz component is showing abrupt rise of more than 100 m/s when 

deep plasma bubbles are existed in ion densities(Huang et al, 2011), while Vy is 

showing positive velocities contrary to the trend that observed on 14 and 15 

October.      
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Fig. 3.12a Temporal variation of ion densities on 16 October 2001 probed by PLP on 
board the CHAMP satellite 

 

Fig. 3.12b Temporal variations of ion density (bottom panel), ion horizontal (Vy)               
(mid panel) and vertical velocities (Vz) (top panel), on 16 October 2001 probed by the 

IPEI instrument on board the ROCSAT-1 satellite 
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Fig. 3.12c Temporal variations of ion density (bottom panel), ion horizontal (Vy) 
(mid panel), and vertical velocities (Vz) (top panel), and on 16 October 2001 probed 

by the DMSP satellite 

 

3.7.5 Discussion of possible link between plasma bubbles and blobs  

In order to ascertain whether plasma bubbles and blobs belong to the same 

category or not, we have calculated power spectra of them by using a fast-Fourier 

transform (FFT). It is noticed that the power spectra of bubbles and blobs is showing 

nearly equal trends during 14-16 October 2001 and the first minima of spectra of 

bubbles and blobs are located at ~1 Hz which are equal to ~1.8-2.0 km wavelength. 

Since the power spectra of bubbles and blobs are similar in a spatial range of ~ 1.5 to 

2.0 km, it is likely that blobs are generated when zonal electric fields inside bubbles 

move them all the way to topside ionosphere (Park et al., 2008). In addition, it has 

also been witnessed from our observational results that the presence of plasma blobs 

can be seen during the times of a downward reversal of ambient drift, which strongly 

indicates the effect of upward drifts inside plasma bubbles in the similar lines with the 

earlier hypothesis (Park et al., 2008; Krall et al., 2010; Huang et al., 2014).  



99 
 

 Nevertheless, other hypotheses put forth by various research workers during 

recent times have proposed various physical mechanisms regarding the formation of 

plasma blobs that cannot also be ruled out. For example, by examining the electron 

temperature and the ion composition inside plasma blobs using data from 

KOMPSAT-1 and DMSP F15 satellites, Park et al. (2003) have noticed that electron 

temperature was lower than ambient temperature and the composition was more 

oxygen-rich than that of the background. Ground-based observations made by 

Pimenta et al. (2004) have shown that blobs had appeared as brightening regions in 

all-sky airglow images and those were identified near the localized plasma bubbles, 

this observational evidence strongly suggesting that plasma blobs are closely related 

to bubbles. In a recent study, Park et al. (2008) have argued that the topside 

ionospheric conditions as well as the existence of plasma bubbles control the further 

development of blobs. More recently, Klenzing et al. (2011) have strongly argued, 

based on the observations of C/NOFs satellite that multiple physical mechanisms may 

be responsible for creating plasma blobs. Burke et al. (2012) have proposed that the 

upward moving plasma enhancements (or so-called blobs) may be regarded as 

Alfvenic images of bottomside irregularities. Huang et al. (2014) have proposed a 

unique mechanism by effectively using C/NOFS satellite observations, according to 

which plasma enhancements will be evolved during early, intermediate and later 

stages of plasma bubbles at different latitudes and altitudes, which suggesting that 

plasma blobs are intricately coupled with plasma bubbles.  

At the outset, it can clearly be understood that the presently available database 

is insufficient to know the exact physical mechanism responsible for the formation of 

plasma blobs, although reliable physical mechanisms proposed by various researchers 

during the recent times cannot also be ruled out. Nevertheless, more and more 

experimental databases need to be generated in order to understand the exact physical 

mechanism of plasma blobs and their association with plasma bubbles.     

3. 8   SUMMARY 

3.8.1  Long-term Spread-F and Scintillation study over Waltair 

Using the co-located simultaneous ionosonde and VHF scintillation data from 

Waltair during half a solar cycle (1997–2002) period, a comprehensive study on the 

occurrence characteristics of spread F and scintillations have been carried out. Some 
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of the results obtained from these studies are summarized below. In addition, 

simultaneous observations of ionospheric irregularities using CHAMP, ROCSAT-1 

and DMSP satellite observations allowed us to ascertain the generation mechanism of 

plasma blobs and their relationship with plasma bubbles at different altitudes at Indian 

longitude sectors. The gross features showed many interesting characteristics, which 

are given hereunder. 

1) The occurrence of scintillation patches at Waltair is prominent during pre- 

midnight hours and starts abruptly around 1900 hrs IST. The occurrence of 

scintillations reaches its peak value around 2100 hrs IST and decays gradually, 

then reaching a minimum of around 0500 hrs IST. 

2) The nature of scintillation activity at Waltair is found to be patchy type with 

both short as well as long durations. The onset of scintillation patches is abrupt 

and the decay is of damping type.  

3) The occurrence of scintillation is higher during pre-midnight hours of equinox 

months, while it is minimized during the summer months of high sunspot 

years. On the other hand, post-midnight occurrence of scintillations is higher 

during the summer months of low sunspot years. 

4) Saturated and strong scintillations (>10 dB) are more frequent compared to the 

other two categories (>3 dB and >6dB), which occur during pre-midnight 

hours and continue until the pre-dawn hours.  

5) The percentage occurrence of spread-F and scintillations at Waltair show pre-

midnight maxima during high sunspot years, while post-midnight maxima are 

observed during the low sunspot years. 

6) The spread-F and scintillation activity at Waltair maximizes in the pre-

midnight hours of equinox and winter months during moderate and high 

sunspot years. On the other hand, post- midnight peak occurrence of spread-F 

is seen during the summer solstice months of the low sunspot years. 

7) The spread-F and scintillation activity is suppressed during the disturbed days 

of both moderate and high solar activity years. However, the suppression 

effect is more during high sunspot year (2000) compared to that of the 

moderate sunspot year (1998). The peak occurrence in spread-F and 

scintillation is seen during the pre-midnight hours of high sunspot year (2000) 
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whereas post-midnight peak occurrence is seen during the moderate sunspot 

year (1998). 

 

3.8.2  The following salient features are observed on simultaneous observations 
of ionospheric irregularities using CHAMP, ROCSAT-1, and DMSP 
satellites 

8) By using the unique combination of Challenging Mini satellite Payload 

(CHAMP), Republic of China Satellite (ROCSAT-1), and Defense 

Meteorological Satellite Program (DMSP) satellites located at ~400 km, 

650km and 850 km respectively. A case study is carried-out on the altitudinal 

variations of ionospheric irregularities during the post-sunset periods at Indian 

longitudes during 14 -16 October 2001. 

9) It became possible for us to study the width of plasma bubble and plasma 

blobs in the longitudinal (zonal) direction at different altitudes along with the 

temporal variations of ion velocity components in horizontal (Vy) and vertical 

(Vz) directions as probed by the ROCSAT-1 and DMSP satellites.   

10) The dominant features noticed in Vy and Vz components are their anti- 

correlation relationship at ROCSAT-1 satellite altitude, which called as 

mirroring effect (Behnke and Harper, 1973).  

11) The most important observation from this study is that plasma bubbles are 

found to be observed immediately after post-sunset hours, while plasma blobs 

observed after three hours time till pre-sunrise hours at higher latitudes ~ 

between ±050 and ±200 from the magnetic equator, which implies that the 

plasma blobs emanate from plasma bubbles that generated at the bottomside of 

the ionosphere F-layer shortly after the sunset.  

12) It is believed that the polarization electric fields generated inside the plasma 

bubbles play a role in the generation of wider plasma bubbles and higher 

altitude plasma blobs.      

 

 

 


