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AbstrAct

This research reports on recently recorded 250 MHz amplitude scintillations at 
Waltair (17.7°N, 83.3°E), a low-latitude station in India, using the signals radiated 
from a geostationary satellite (FLEETSAT, 73°E) during a six-year period (2008 - 
2013), which covers extremely low and higher solar activity years (2008 and 2013). 
The morphological features in terms of local time, month, and season during different 
geophysical conditions are presented. The scintillation patches (segregated based on 
their occurrence durations) have shown an increasing trend with the increasing sun-
spot activity. The scintillation patches with 30-min duration show increasing trends 
with increasing sunspot activity, and their occurrence frequencies also show increas-
ing trends with increasing sunspot activity. The scintillation activity during disturbed 
epochs (Kp index lies between 3+ and 9) is found to be less compared to its quiet day 
counterparts. The plausible mechanisms for these observational results are discussed. 
In addition, power spectral characteristics, including Fresnel frequency, upper role 
of frequency and spectral slope of scintillations are calculated and the salient results 
are presented.
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1. INtroductIoN

Small-scale variations in electron density structure in 
the natural ionosphere can disturb electromagnetic (EM) 
signals that propagate via ionosphere. These irregulari-
ties can cause rapid variation in the amplitude, phase, and 
other signal properties and such signal variations are usu-
ally called scintillations that are usually observed at VHF 
and UHF bands (Basu et al. 1988). Ionosphere scintillations 
degrade the performance of satellite-based communications 
and GPS-based navigation (Groves et al. 1997; Basu et al. 
1998, 2002; Doherty et al. 2002). The severe scintillations, 
for which the scintillation index is usually greater than 0.45, 
which is ≈10 dB, are able to interrupt the GPS receiver op-
eration by causing in-phase and quadrature signal fading, 

which makes the proper phase determination using a track-
ing loop nearly impossible. Further, it was reported that a 
typical GPS receiver loses its lock for a short duration from 
1 - 4 min during severe scintillation events, thereby affect-
ing even the integrity of satellite based augmentation sys-
tems (SBAS) (Rama Rao et al. 2006).

Night time ionospheric density irregularities predomi-
nantly develop in the F-layer of the ionosphere, with the 
primary disturbance region being typically between 250 
and 450 km. Many researchers have reported the physical 
process leading to the formation and evolution of iono-
spheric irregularities (Woodman 1970; Woodman and La 
Hoz 1976; Keskinen and Ossakow 1983; Kelley 1989; Fejer 
1991; Heelis 2004). Ionospheric irregularities will be gen-
erated by various instability processes. A sharp gradient at 
the bottom side of the F-layer, which is anti-parallel to the 
gravity acceleration vector (Kelley 1989) and pre-reversal 
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enhancement (PRE) in upward E × B drift and associated 
uplifting of the F-layer (Rishbeth et al. 1978; Fejer et al. 
1999; Whalen 2002) generates density irregularities. A si-
multaneous decay of the E-region conductivity at both ends 
of the field line (Tsunoda 1985; Stephan et al. 2002), the 
trans-equatorial component of thermospheric winds, and as-
sociated with symmetry in the Equatorial Ionization Anom-
aly (EIA) (Maruyama and Matuura 1984; Maruyama 1988; 
Mendillo et al. 1992, 2001) plays an important role to gener-
ate ionospheric density irregularities.

The PRE causes rapid uplifting of equatorial F-layer and 
steepens the bottom side gradient according to the general-
ized Rayleigh-Taylor instability mechanism, which leads to 
the generation of ionospheric density irregularities. Primar-
ily large-scale plasma depletions generated in post sunset 
hours later depleted into smaller scales in the cascade pro-
cess (Haerendel 1973). These irregularities may have scale 
sizes from a few centimeters to several hundred kilometers. 
These irregularities are field aligned, stretched more in the 
north-south direction up to the anomaly crest than in East-
West direction (Aarons et al. 1980; Das Gupta et al. 1983; 
Rama Rao et al. 2005). The small-scale irregularities in the 
100 - 500 m size range, which are known to be responsible 
for producing strong scintillations at L-band frequencies, 
co-exist with the kilometer scale size irregularities causing 
intense scintillations with fast fading rates at VHF frequen-
cies. These irregularities can cause strong multiple radio 
wave scattering. Krishna Moorthy et al. (1979) reported that 
scintillations with slow fading rates (Class-II) are basically 
due to irregularities of much larger sizes than scintillations 
with fast fading rates (Class-I) with smaller scale sizes. The 
large-scale and relatively weak irregularities are responsible 
for high fading periods (low fading rates) and low S4-index 
values in VHF scintillations.

Although it is known to occur in the polar and equa-
torial regions of the Earth’s ionosphere, equatorial scintil-
lation is known to be more severe than polar region scin-
tillation. The equatorial and low latitude ionosphere have 
two important and distinct features including, the EIA or 
Appleton (after Edward V. Appleton) ionization anomaly, 
and an intense form of irregularities in the electron density 
distribution. At equatorial and low latitude regions, the most 
significant post-sunset ionospheric electrodynamics plays a 
great role in irregularities generation and such irregulari-
ties show solar activity dependence, seasonal-longitudinal 
variations, and day-to-day variations (Woodman and La 
Hoz 1976; Aarons 1977; Yeh and Liu 1982; Maruyama and 
Matuura 1984; Basu and Basu 1985; Tsunoda 1985). As the 
seasonal-longitudinal variations are concerned, Maruyama 
and Matuura (1984) and Tsunoda (1985) proposed excellent 
theories. Maruyama and Matuura (1984) relied on a transe-
quatorial thermospheric wind, while Tsunoda (1985) used 
the solar terminator alignment with geomagnetic flux tubes 
in order to explain the seasonal-longitudinal variations in 

ionosphere irregularities.
The recording of ionospheric amplitude scintillations 

has been performed at Waltair (17.7°N, 83.3°E), India for 
the last four decades (Rama Rao et al. 1980). We report here 
on recently recorded amplitude scintillations at 250 MHz 
during 2008 - 2013 over Waltair, India and present their 
morphological features and the occurrence characteristics. 
The power spectral characteristics of scintillations for a 
few cases during this study period are also presented. Most 
importantly, one of the years (2008) in the present study 
belonged to the quietest solar activity occurring during the 
past 60 years (Singh et al. 2017). Knowing the occurrence 
of ionosphere irregularities during this unique year over a 
typical low-latitude station is, surely, an interesting research 
topic to be understood.

2. dAtA ANd mEtHod oF ANALysIs

The 250 MHz signal amplitude scintillations radiated 
from a geostationary satellite (FLEETSAT, located at 73°E 
longitude) recorded at Waltair (17.7°N, 83.3°E), a low lati-
tude Indian station, located within the transition region be-
tween the anomaly crest and the magnetic equator (Fig. 1). 
Figure 1 also shows equatorial and anomaly crest stations in 
the Indian sector (Trivandrum and Kolkata) along with their 
geographic and geomagnetic coordinates (see figure for fur-
ther details). The amplitude scintillation data were recorded 
continuously at this location over half a solar cycle peri-
od (2008 - 2013) and this period belongs to the ascending 
phase of the 24th solar cycle. The scintillation experimental 
facility at Waltair consists of a Yagi-Uda antenna, a double 
super-heterodyne receiver, analog-to-digital converter and 
associated electronics to convert the received analog signal 
into digital format. The digital data is stored in a PC for of-
fline processing. The amplitude scintillations were recorded 
at a sampling rate of 20 Hz.

The percentage occurrence of scintillations during the 
time period 18:00 - 06:00 LT in each month of the entire 
period (data available period 1452 days) is presented. S4-
index and the parameters of power spectral density, such as 
upper roll of frequency, first Fresnel frequency and spectral 
slope are calculated. The duration of scintillations patches 
and the percentage occurrence of scintillations for quiet 
days (Kp ≤ 2) and disturbed days (Kp >2) in each year are 
computed. The percentage of occurrence of the S4-index is 
calculated as the ratio between the total numbers of scintil-
lation observations to the total number of observations dur-
ing the specific period.

3. rEsuLts ANd dIscussIoNs
3.1 Power spectral characteristics of scintillations

Spectral characteristics of the scintillations are presented 
in this section as case studies. Power spectral characteristics 
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such as upper roll of frequency, first Fresnel frequency, and 
spectral slopes are calculated and presented as bottom panels 
in Fig. 2 (28 December 2009), Fig. 3 (13 January 2010), and 
Fig. 4 (23 March 2013) respectively along with amplitude 
scintillations and the corresponding scintillation index (S4-
index) in the top panels. The S4-index is calculated (Briggs 
and Parkin 1963) with an FFT technique applied to determine 

the power spectra. Further, a best-fit line of the sloping part 
of the spectrum is obtained, and noted as the spectral slope 
(n). The frequencies at which the power begins to decrease 
are noted as the upper role of frequency (f u), and this f u is 
related to the Fresnel frequency and the corresponding scale 
size of the irregularity is the Fresnel scale. In general, the ir-
regularity layer is assumed to be at a typical height of 350 km 

Fig. 1. Geographic and geomagnetic coordinates of a few Indian locations including, Trivandrum (an equatorial station), Waltair (a low-latitude 
station), and Kolkata (a low-latitude station located at the peak of the Appleton Anomaly region). Geomagnetic coordinates are shown in blue color. 
(Color online only)

Fig. 2. Amplitude scintillations (top panel) and their scintillation index (S4-index, middle panel) and power spectrums of scintillation patches  
(bottom panel) recorded at Waltair on 28 December 2009. (Color online only)
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and the Fresnel scale ( 2 zm ) for 250 MHz (m  = 1.2 m) is, 
therefore at 916 m (Iyer et al. 2006).

Power spectra corresponding to post-sunset scintil-
lations are normally characterized by higher upper roll of 
frequency followed by steep slopes. The upper roll of fre-
quencies helps us to evaluate the scale sizes of the irregular-
ities through ( 2 zm ). The upper roll of frequencies of the 

spectrum corresponding to post sun-set hours ranged from 
0.058 - 0.214 Hz. The lower Fresnel Break frequency values 
(fB) during the post-midnight hours indicated that there is 
a reduction in the forward scatter power, and, as a result, 
only large scale irregularities were contributed to initiate the 
VHF scintillations (Basu et al. 1980) observed in the present 
research. Power spectra with steep high frequency roll off 

Fig. 4. Amplitude scintillations (top panel) and their scintillation index (S4-index, middle panel) and power spectrums of scintillation patches  
(bottom panel) recorded at Waltair on 22 March 2013. (Color online only)

Fig. 3. Amplitude scintillations (top panel) and their scintillation index (S4-index, middle panel)) and power spectrums of scintillation patches  
(bottom panel) recorded at Waltair on 13 January 2010. (Color online only)
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mainly indicate scattering from multiple structures of dif-
ferent scale sizes (Franke and Liu 1983).

The spectral slopes of the power spectrum in the pres-
ent study are observed in the range between 2.26 and 5.05. 
Steep spectral slope as high as 6 for early evening scintilla-
tions at 257 MHz near the solar maximum period equatorial 
regions were reported by Basu and Coppi (1983). Iyer et 
al. (2006) reported scintillations in the range between 2.5 
and 5.6 from the equatorial anomaly region. The scintilla-
tion power spectra, under the thin screen assumption, in-
dicate the scale size distribution. Higher (lower) spectral 
slopes indicate the quick (gradual) decrease of small scale 
irregularities. From the temporal spectra of several scintilla-
tion patches, it was found that plasma bubbles induced VHF 
scintillations exhibiting a flat, low-frequency region, and 
steep roll off (with slopes in between 3 and 5) in the high 
frequency region. The first Fresnel minimum f V z1 0 m=  
has been shown (Rufenach 1972; Yeh and Liu 1982), where 
z is the slant range of the observer to irregular layer, V0 is the 
irregularity velocity normal to propagation path. The first 
three Fresnel minima are observed at , ,f f f2 31 1 1 . The 
presence of Fresnel oscillations in the power spectrum may 
be an indicative of a thin layer < 100 km (Rama Rao et al. 
2005). The top panels in Figs. 2, 3, and 4 present the ampli-
tude scintillations and the corresponding scintillation index 
(S4-index) variation in local time. The bottom four panels in 
each figure represent the power spectrum of 2 min data seg-
ment of each scintillation patch during 28 December 2009, 
13 January 2010, and 23 March 2013.

From the top panel of Fig. 2 only one scintillation 
patch with short-duration (< 1 h) is observed between 2120 
and 2210 hrs LT on 28 December 2009, while both long and 
short duration patches are seen on 13 January 2010 (less 
than 30 minutes and two hours) and 22 March 2013 (more 
than half an hour to two hours). Figures 2 and 3 show that 
the scintillations are moderate (S4-index lies between 0.3 
and 0.5), while the scintillations on 22 March 2013 (Fig. 1) 
are low (S4-index lies between 0.05 and 0.15). Amplitude 
scintillations recorded on 28 December 2009 (Fig. 2) show 
fast fading rates varying between ~18 and ~32 fad min-1 
(~0.30 and 0.53 cycles s-1), while the scintillations record-
ed on 13 January 2010 (Fig. 3) are showing moderate fade 
rates that vary between ~7 and ~23 fad min-1 (~0.11 and  
0.38 cycles s-1), and the fading rates of scintillations record-
ed on 22 March 2013 (Fig. 4) are low, with values varying 
between ~6 and ~13 fad min-1 (~0.10 and 0.21 cycles s-1).  
The spectral characteristics along with fade rates on 28 De-
cember 2009, 13 January 2010, and 23 March 2013 are pre-
sented in Table 1.

As the moderate intensity and relatively fast fading 
rates of VHF scintillations are due to multiple scattered ra-
dio waves with a wide range of irregularities embedded in 
plasma bubbles, which are moving across the FLEETSAT 
satellite propagation path, the observed scintillations in the 

present study would have originated from a wide range of 
irregularities that were initiated initially over the equatorial 
station (Iyer et al. 2006; Rama Rao et al. 2006; Basu et al. 
2009; Prasad et al. 2012).

3.2 monthly occurrence of scintillations over Waltair 
during 2008 - 2013

The percentage occurrence of scintillations over Wal-
tair over half a solar cycle period (2008 - 2013) from 18:00 
to 06:00 LT is presented in Fig. 5. It is observed from these 
figures that the month to month variation in scintillation 
shows a maximum in the equinox, moderate occurrence 
during winter and minimum in the summer months. It is 
interesting to note that during the vernal equinox months 
(March and September) of the year 2008, the scintillation 
activity is less, while the autumn equinox months show a 
reasonably good percentage occurrence (~30%). There are 
many reports on the morphology of ionospheric irregulari-
ties in the Indian sector, which include the diurnal, solar 
cycle, season and geomagnetic activity related variations. 
Most importantly, an inimitable feature of the incidence of 
ionospheric irregularities in the Indian sector is the solar ac-
tivity dependent seasonal behavior (Subbarao and Murthy 
1994; Sreeja et al. 2009; Prasad et al. 2012). In an elaborate 
sense, the occurrence of ionospheric irregularities maximiz-
es in the post-sunset periods and is more probable during the 
equinox season of higher solar activity epochs, while during 
the summer solstice of low solar activity periods, the peak 
occurrence in the incidence of irregularities during the post-
midnight period is a general observational finding. Though 
extreme low solar activity occurred during 2008, (the aver-
age F10.7 index value during 2008 was mere 66 only) could 
be the one of the plausible reasons for the very low percent-
age occurrence of scintillations. The exact physics behind 
this feature cannot be understood from this research and 
must be verified from other databases, including the COS-
MIC radio occultation technique (Liu et al. 2008; Potula et 
al. 2011; Brahmanandam et al. 2012) as a future study.

Further, the scintillation activity is higher (62%) in Oc-
tober 2012 (the average F10.7 index during October 2012 
was 113), which is the highest among all months of the en-
tire period of observation. Another important observation is 
that with the increase in solar activity, scintillation activity 
also enhances, which corroborates with earlier research stud-
ies (Subbarao and Murthy 1994; Sreeja et al. 2009; Prasad 
et al. 2012). In addition, there is an appreciable change in 
onset timings between low (2008 and 2009) and high (2012 
and 2013) solar activity years. For instance, the ionospheric 
scintillations appeared at 1900 LT or beyond during low 
sunspot years (including 2008, 2009, 2010), while these 
were started around 1800 LT during moderately high sun-
spot years (2011, 2012, 2013). This can be understood as 
follows: The irregularity amplitude N ND  (where ∆N is 
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the irregularity strength and N is the background density) 
did not vary much with solar activity, but the background 
density (N) in the solar maximum period increased at least 
10 fold. Therefore, the scintillation activity was enhanced 
due to the increase in background density during the higher 
solar activity period, and the onset timing could have also 
appeared earlier (Basu and Basu 1985; Iyer et al. 2006).

3.3 distribution of scintillation Patch durations

The zonal (east-west) drift velocities combined with 
the scintillation patch duration in the east-west irregularities 
size intent can be computed using the following simple rela-
tion: E-W extent = zonal drift velocity x patch duration [as-
suming that the irregularity structure will not change much 
within such short duration of 5 - 8 min (Rama Rao et al. 

2000)]. By realizing the importance of the scintillation patch 
duration, we have segregated the scintillation patches be-
longing to different local times and patch duration distribu-
tion in Fig. 6. Each panel in Fig. 6 shows the patch duration 
statistics observed in a specific year, with the yearly mean 
sunspot number (YMSN) and the total number of patches 
observed. A total of 473 scintillation patches were observed 
with patch duration ranging from 5 - 210 min (three and half 
hours) during the present period (2008 - 2013). The impor-
tant observation is that the number of patches is increasing 
with increasing sunspot activity. A total of about 20 scin-
tillation patches have been observed during a low sunspot 
year (2008) while more than 155 scintillation patches were 
noted during a high sunspot year (2013). The most probable 
scintillation patch duration with less than 30 min is about 
44%, while only 1% in the case of scintillation patches with 

s. 
No. date time of  Psd 

(Hrs.Lt) s4-index upper roll of 
frequency (Hz)

Fresnel frequency 
(Hz)

spectral 
slope

Patch duration 
(min)

Fade rate of sig-
nal (fade/min)

Peak-to-peak 
amplitude (db)

1 22-03-2013

20.07
22.66
24.77
27.68

0.10
0.12
0.13
0.10

0.058
0.214
0.117
0.039

0.197
0.253
0.195
0.117

-2.87
-5.05
-4.47
-2.26

98
87

118
53

13
12
9
6

1.76
2.1
2.29
1.76

2 13-01-2010

20.3
21.68
24.33
26.55

0.35
0.40
0.22
0.08

0.078
0.097
0.117
0.117

0.117
0.136
0.136
0.136

-2.75
-2.72
-5.03
-2.46

37
136
58
38

18
23
15
7

6.17
7.05
3.88
1.41

3 28-12-2009

21.55
21.68
21.92
25.72

0.37
0.32
0.35
0.17

0.078
0.078
0.058
0.078

0.097
0.097
0.1172
0.1172

-3.12
-4.12
-3.82
-3.66

20
14
26
19

22
26
32
18

6.52
5.64
6.17
3

Table 1. Various spectral parameters of the observed scintillations.

Fig. 5. Contour diagrams showing monthly percentage occurrence of VHF Scintillations during 2008 - 2013. (Color online only)
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durations greater than 181 - 210 min.
The short duration patches were associated with 

spread-F range type on ionograms (Yeh et al. 1979; Basu et 
al. 1986). The maximum plasma bubble induced (PBI) scin-
tillations occur during the post sunset hours of equinoctial 
months and appear mostly as several short duration patches 
of 5 - 30 min in duration. The bottom side sinusoidal (BSS) 
irregularity type maximize around the post sunset hours 
of summer solstice months (May, June, July, and August) 
and is generally characterized by long duration patches of 
3 hours or more (Das Gupta et al. 1983). The longer patch 
durations suggest that the BSS irregularities extend to a few 

thousand kilometers in the east-west direction (Valladares 
et al. 1983) and the PBI type irregularities have east-west 
dimensions ranging from 100 - 500 km in most cases.

3.4 Effect of magnetic Activity on scintillation  
occurrence

With a view to studying the magnetic activity effect 
on the scintillation percentage occurrence for quiet days 
(Kp = 0 - 3) and magnetically disturbed days (Kp = 3+ - 9) 
in each year was computed and presented as histograms in 
Fig. 7. Out of 1452 days of observations, 296 days were 

Fig. 6. Distribution of scintillation patch durations observed at Waltair during 2008 - 2013. (Color online only)

Fig. 7. Occurrence of scintillations during quiet and disturbed days at Waltair during 2008 - 2013. (Color online only)
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magnetically disturbed days. The percentage of scintillation 
occurrence during quiet days is about 13%, while during 
magnetically disturbed days it is 7%. The scintillation activ-
ity in general during quiet days increases with an increase 
in solar activity during the present observation period. It is 
observed that the scintillation percentage occurrence dur-
ing quiet days is minimized (6%) in 2009 and maximized 
(28%) in 2013. It is important to note that there were no 
scintillation activity during magnetically disturbed days in 
the year 2009 (YMSN = 3. 1). The scintillation activity dur-
ing disturbed days was maximum (14%) in 2013. The low 
scintillation occurrence percentage during disturbed periods 
compared to quiet days is corroborated with earlier results 
reported from this station (Prasad et al. 2004) and from other 
low (Bhopal) and moderately mid-latitude stations in India, 
which include, Varanasi and Agra (Kumar et al. 1993; Ku-
mar and Gwal 2000).

4. summAry

We presented recently recorded amplitude scintilla-
tions at VHF band (250 MHz) using signals radiated from a 
geostationary satellite, FLEETSAT (73°E), in this study for 
more than six continuous years (2008 - 2013) over Waltair 
(17.7°N, 83.3°E), a low-latitude station in India. The obser-
vational results of this study are summarized as follows:
(1)  The morphological features in terms of local time, month, 

season, and during different geophysical conditions are 
presented, which obey the earlier studies reported from 
this station as well as from other Indian stations

(2)  The amplitude scintillation index in terms of S4-index 
and the parameters of power spectral density, such as 
upper roll of frequency, first Fresnel frequency and 
spectral slope are calculated and the observational re-
sults are presented

(3)  Although the scintillation patches are distributed in the 
30 - 210 min duration range, the 30 min scintillation 
patches show higher occurrences

(4)  Further, the 30-min duration scintillation patches show 
increasing tendencies with the increase in solar activity.

(5)  It is found that the percentage occurrence of scintilla-
tions during quiet days is more when compared to mag-
netically disturbed days.

(6)  The power spectral characteristics of amplitude scintil-
lations are presented and some of their important obser-
vational results are discussed in light of the available 
literature.
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