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Abstract: The amplitude scintillation data, recorded at 251 MHz by two spaced receivers at low latitude station Kolhapur
[16.42°N, 74.2°E] are used. We have considered data of magnetically disturbed days (Ap > 20) to investigate the effect of
magnetic activity on the ionospheric irregularities by observing the coherence scales of the scintillation pattern produced
by the irregularities. The coherence scales are calculated using the method introduced by Bhattacharyya et al. (2003).
Coherence scale lengths on magnetically disturbed days are higher than that of on quiet days. During magnetically
disturbed period the coherence scales in the post midnight period are greater than that of in the pre midnight period. This
suggests that magnetospheric electric field generated in storm time causes increase in coherence scales but shows large

increase after midnight.
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1. Introduction

The ionospheric irregularities aligned with magnetic field
lines have spatial scales from few meters to tens of kilo-
meters [1, 2] at low latitudes. These irregularities cause
fluctuations in phase and frequency of the radio signals in
the range of very high frequency VHF and UHF in near
equatorial crest region. The evolution of irregularities is
season, magnetic activity, and local time dependent phe-
nomena. So it is important to study the spatial evolution of
the ionospheric irregularities with respect to time in this
region. Seasonal variation of F region irregularities and its
dependence on magnetic activity has been studied in low
latitude region [3]. Vertical plasma drift, which plays a key
role in the generation and evolution of the irregularities,
shows variation with solar flux [4]. Longitudinal asym-
metries in the occurrence of irregularities are explained by
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Kil et al. 1998 [5]. The variation of critical frequency of
ionosphere (foF2) [6] is dependent on the disturbances in
magnetospheric electric field and also on the Earth’s sur-
face, such as earthquakes [7]. Effect of magnetic field on
the ionosphere is a well known phenomenon and has been
extensively studied by the scientific community using
variety of ground and space based techniques [8§—10]. The
drift of the ground scintillation pattern obtained by spaced
receivers is affected by magnetic activity [11]. At post
sunset period height of the F layer, which is variable, is
known to be very important parameter in the evolution of
irregularities. This variation is also dependent on the geo-
magnetic activity in low latitude region [12].

Spatial scales of the irregularities show increasing trend
with the solar flux in pre-midnight period studied at low
latitude region Tirunelveli [13]. The velocity dependence of
the spatial scale of the irregularities has been studied by
Singh et al. 2006 [14] in equatorial crest region using power
spectral analysis. The drift of the ground scintillation pattern,
resulting from the vertical and zonal drifts of the irregulari-
ties estimated from spaced receiver scintillation

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12647-016-0191-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12647-016-0191-3&amp;domain=pdf

60

G. A. Chavan et al.

observations is used in a study of the effect of magnetic
activity on the dynamics of equatorial F region irregularities
by Bhattacharyya et al. (2002) [11]. Three dimensional
simulation shows difference in irregularity evolution on
magnetically disturbed nights as compared with the quiet
nights [15]. If the virtual height (4'F2) [6] is higher than
300 km, the large scale irregularities like EPBs are observed
in the equatorial region [16]. Similar to these studies of
spatial scale variations of irregularities with solar flux,
magnetic disturbances and drift velocity, it will be useful to
study their variations with local time on magnetically dis-
turbed and quiet nights at low latitude station Kolhapur.
Bhattacharyya et al. (2003) have introduced a method to
determine the spatial scales of irregularities using the
amplitude scintillation patterns which is applicable to
strong and weak scintillations. This method was carried out
at Ancon near the dip magnetic equator and Ascension
Island near the crest of equatorial anomaly using scintil-
lations of L-band and UHF signal. In present work we have
also used the same method to determine variations in
spatial scales of ionospheric irregularities with magnetic
disturbed and quiet nights as well as local time. The effect
of magnetic activity on the spatial scales and its nocturnal
variation has also been studied in the present paper.

2. Data Analysis

Observations of amplitude scintillation of 251 MHz signal
transmitted by UFO2 geostationary satellite (positioned at
71.2°E) were made. Two identical receivers with eleven
element Yagi-Uda antennae spaced ~300 m apart in
magnetic east—west direction are installed in Shivaji
University, Kolhapur (SUK) by Indian Institute of Geo-
magnetism (IIG), Navi Mumbai, under the scientific col-
laborative program between SUK and IIG. The ionospheric
scintillations are digitally recorded at sampling rate 20 Hz.

Scintillation in the signal is calculated using a parameter
S4-index (S4), which is the root mean squared standard
deviation of intensity of the signal. Generally, it indicates
the strength of amplitude scintillation (Wernik et al. 2004)
[17].

o=’ o

where, [ is the intensity of the signal. To minimize the
effect of noise in the signal, we have used data intervals
with S5 > 0.15.

The temporal variations of VHF signal are useful in the
investigation of coherence scale length. Knowing the
form of space-time correlation function of the intensity
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scintillations, the coherence scale, d; can be determined.
The coherence scale length for spatial variations of
intensity in the ground scintillation pattern, is linked with
the spectrum of the intermediate scale irregularities and
their evolution near the peak of the equatorial F region
contribute mostly to the observed scintillations [18].
Spatial scales present in the ground scintillation pattern
carry information about the spatial structures of (Equa-
torial Spread F) ESF irregularities, which produce the
observed scintillations on incoming radio signal. Tempo-
ral and solar flux dependence of coherence scale, d; have
been investigated with help of spaced VHF receiver [13].
It is interesting to investigate the variation of d; in
magnetically disturbed (Ap > 20) and quiet nights. Data
of six disturbed and quiet nights have been considered for
analysis. Scintillation events in disturbed period are lower
than in quiet period therefore useful data points in dis-
turbed period are low.

The spatial scales present in the scintillation patterns of
two spaced receivers can be determined using method given
by Bhattacharyya et al. 2003 [19]. The weak as well as strong
scintillation events having maximum correlation coefficient,
C; (xo, t,,) = 0.5 are used for further investigation.

According to cross correlation technique, the space time
correlation function of the intensity scintillation pattern
received by two spaced receivers on ground is of the form
(Briggs, 1984) [20],

Ci(x,1) = f[(xo - v(,r)2+v§rz] 2)

Here, x, is the distance between two receivers, V,, is zonal
drift of the irregularity patterns across the propagation of
VHF signal and V., is the measure of spatial and temporal
changes in the irregularity which is evolving randomly
[19]. f is monotonically decreasing function of space and
time with f{0) = 1. To investigate the spatial scales present
in the ground scintillation pattern, it is necessary to find the
parameter, coherence scale d; and to know the form of the
function f, such that

C(x=d,t=0)=05.

The maximum value of cross correlation function
C(x, t) obtained at time 1, for the two spaced receivers
having separation x, is given as,

Ve
o) =177 ®
From mass plot of the C(x,,,) versus [ Ve

7oz one can
get the plot of Cj(x,0) versus x. If it is fitted with

(0.832)x

2
Gaussian,CI(x,O):ei{ “ } it gives d; (coherence
scale).
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Fig. 1 Each panel indicates the plot of C;(x,, t,,) with time Local Time (LT) for each disturbed day with available quiet days of corresponding

month

3. Results and Discussion

To study the coherence scale of the irregularities, at first, it
is necessary to identify the irregularities generated in
ionosphere. The maximum correlation coefficient,
Ci(x,,t,) of intensities of two signals received by VHF
receivers has been used for the identification of the freshly
generated irregularities by Kakad et al. 2007 and Kakad
et al. 2012 [21, 22]. Similarly, in present work in the initial
phase of the generation of the irregularities during quiet
period Cy(x,,t,) shows high variability due to the electric
field at the generation phase, this field dies down after
Local Time (LT) 2200, so Cj(x,,t,) have higher values

and are maintained afterwards during remaining night. But,
in the disturbed period the C;(x,, #,,) values decreases again
after 2200 LT, this may be the effect of disturbance
dynamo, prompt penetration of electric field or combina-
tion of both. The C;(x,,1,), for six disturbed days and six
quietest days in each corresponding month, is plotted in
Fig. 1. This figure shows all values of C;(x,, ,) from 0 to 1
to study the effect of magnetic disturbance, but for the
calculations of coherence scales, only the time intervals for
which Cy(x,,%,) > 0.5 have been used. The variation of
Ci(x, 1) for the disturbed days is shown in Fig. 1 indi-
cates the maximum disturbance about 2300 LT to 0100 LT,
which shows generation phase of irregularities in this
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period because of combination of disturbance dynamo and
prompt penetration electric field. Figure le shows lower
values of Cy(x,,1%,) about 2300 LT on 27-28 March 2013
and about 0100 LT on 30-31 March 2013.

The evolution of the ionospheric irregularities, respon-
sible for scintillations, may be caused due to the
enhancement in magnetospheric electric field during storm
time [11, 23]. Since irregularities continuously evolve with
time and magnetic disturbance, the coherence scale
obtained for each scintillation event will be changing with
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Fig. 2 The mass plot of C;(x,,,) and coherence scale (m) for quiet
(upper panel) and disturbed days (lower panel) with gaussian fit curve
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Fig. 3 Upper panel The mass plot of C;(x,,1,) and coherence scale
(m) for quiet days with gaussian fit curve for weak and strong
scintillations, Lower panel The mass plot of C;(x,,?,) and coherence
scale (m) for all disturbed days with gaussian fit curve for weak and
strong scintillations
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time and will give variation according to magnetic distur-
bance. The mass plot of coherence scale with maximum
space-time correlation is shown in Fig. 2a for quiet nights.
Using Gaussian least square fitting explained in above
Sect. 2, the coherence scale for quiet period is obtained to
be 85 m; similar mass plot for magnetically disturbed days
is shown in Fig. 2b which gives the coherence scale 115 m.
This increase in the coherence scale at magnetically dis-
turbed days have scale size of the order of Fresnel scale,
d; = (222)"? where, /. is the wavelength of the signal and z
is average distance of the irregularity layer from receiver.
The F region height variation at the time of magnetic
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Fig. 4 Upper panel The mass plot of C;(x,,1,) and coherence scale
for quiet days with gaussian fit curve for pre and post-midnight
period, Lower panel The mass plot of Cj(x,,1,) and coherence scale
for all disturbed days with gaussian fit curve for pre and post-
midnight period
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Fig. 5 Variation of coherence scale with Local Time (LT) for quiet
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Table 1 Coherence scales for quiet days, disturbed days, S4 < 0.5 and S4 > 0.5

Coherence scale (m)

Pre-midnight Post-midnight S4 <05 S4>05
Quiet period 84 116 118 84
Disturbed period 90 141 153 100
Quiet and disturbed period 82 130 142 90

disturbance may be responsible for the increase in coher-
ence scale. Fejer et al. (1999) and Jyoti et al. (2004) show
that ESF irregularities form at higher altitude during
increasing solar cycle.

Irregularities, having angular sizes of the order of
Fresnel scale, cause weak scintillations. These are
responsible for higher coherence scale as, shown in Fig. 3.
The mass plot of Cy(x,,%,) versus VE“X;’,} for weak and
strong scintillations in quiet period is shown in Fig. 3a.
Similar mass plot for disturbed period is shown in Fig. 3b.
For both quiet and disturbed periods it is seen that strong
scintillations caused by smaller coherence scale and weak
scintillations caused by larger coherence scales of the
irregularities. Bhattacharyya et al. (2003) have also
observed that weak and strong scintillations are associated
with large and smaller coherence scales respectively.
Comparison of coherence scales for weak and strong
scintillations in quiet time with that of the disturbed time
are given Fig. 3a and b respectively. It is clear that the
coherence scales for both weak and strong scintillations in
the disturbed time are larger than that of in quiet time.

Scale size of irregularities in pre-midnight period of
quiet days is 84 m which increases to 116 m in post-mid-
night. For the disturbed days these values are 90 m and
141 m. This shows the evolution in size of irregularities
with respect to time from lower to higher scales in both
quiet and disturbed days. But increase in the size of the
irregularities is more during disturbed days (Fig. 4a, b).
This could be due to the fact that the irregularities start to
evolve in pre-midnight and is sustained to smaller scales up
to post-midnight period of quiet days but in disturbed days
the irregularities evolve from pre to post-midnight with
greater scales because of the magnetospheric electric field
during storm time. Study of coherence scale variations
during pre and post midnight period were carried by
Engavale et al. (2005). They found increase in coherence
scale in pre midnight period with solar flux.

It is also seen that during disturbed time period, the
fluctuations in values of coherence scale are higher than in
quiet time as shown in Fig. 5, this shows the random
changes in scales of the irregularities in disturbed period.
One more thing can be noted from Fig. 5a and b is that
during quiet period, fluctuation of coherence scale in pre-
midnight is larger than that in post-midnight. This may be
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Fig. 6 Comparison of coherence scale (upper panel) with critical
height (#'f) of th F region (lower pannel)

due to the generation phase of the ionospheric irregularities
during the pre midnight period and the decay phase of the
irregularity in post midnight period. Whereas in disturbed
period, fluctuation of coherence scale in post-midnight is
larger than that in pre-midnight. It leads to the conclusion
that there is enhancement of the eastward electric field in
post mid night period. Coherence scales for pre and post
midnight period and for weak (S4 < 0.5) and strong (S4 >
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0.5) scintillations of quiet and disturbed days is summa-
rized in Table 1.

Scintillations observed are generated at magnetic
equator and, maps down to low latitude station Kolhapur.
Therefore, it is useful to see the effect of magnetic
activity on height of F layer. The F region height varies
with magnetic activity because of magnetospheric elec-
tric field which may be responsible for variations in
coherence scales. During the quiet nights average
coherence scale is 30 m, but during the disturbed nights
it is 46 m. Coherence scale has very high values such as
from 104 to 164 m within time from 0000 to 0040 LT
on 06-07 April 2011 and 74 to 167 m within time 0000-
0030 LT on 17-18 September 2011 as shown in upper
panels of Fig. 6a and b respectively. These large values
of coherence scale at mid night and in post midnight
period shown in upper panel of Fig. 6a and b are com-
pared with the virtual height #'F2 of the F layer in lower
panel of Fig. 6a and b. On 06-07 April 2011, K'F2
shows fluctuation from 285 to 335 km within time 2150-
2235 LT and 240 to 280 km within time 2350-0035 LT
as shown in Fig. 6a. On 17-18 September 2011 d; shows
almost all values above 50 m within 2000-2100 LT and
W' F2 at this time is not available but for small increase
of WF2 about 0000 LT shows large increase in d;. The
higher d; is shaded by gray color in both figures. The
small increase in A'F2 may be due to generation of
eastward electric filed in this period. The increase in d;
in pre midnight period for both the cases is agreement
with Engavale et al. (2005) and d; in post midnight
period increases with increase in critical height of
equatorial F layer. The F region height increases at the
time of solar maxima [4, 24]. It should also be noted
that the deviation of d; from average, is very high in
post midnight period.

4. Summary

We have used the data of six quiet and disturbed nights.
Study has been focused on dependence of coherence scale
d;, on magnetic disturbance. We observed that coherence
scale is 115 m for magnetically disturbed days which is
larger than that of quiet days (85 m). If we separate out the
pre and post midnight scales which are 90 m and 141 m
respectively indicates the evolution of irregularities
because of perturbation in magnetospheric electric field.
Strong scintillations are due to the small coherence scales
and weak scintillations are due larger coherence scales.
From comparative study of the virtual height 4/F2 and
coherence scale, it is observed that at the time of increase
in A/F2 coherence scale increases. So, it may be concluded
that the eastward electric field generated on magnetically
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disturbed night which is responsible to increase A/F?2 also
causes to increase the coherence scale. Also, temporal
changes in scale length show large variation in post-mid-
night period than pre-midnight for disturbed period.

Acknowledgements We thank the Director, Indian Institute of
Geomagnetism (IIG), Navi Mumbai, for prividing the amplitude
scintillation data under scientific collaboration programme (MoU)
between IIG and Shivaji University, Kolhapur. Thanks are also due to
Dr. S. Sripathi (IIG) for providing data of ionosonde. Authors wish to
thank the anonymous reviewers for their suggestions, which has
helped to improve the paper.

References

[1] A. Bhattacharyya and R.G. Rastogi, Structure of Ionospheric
Irregularities From Amplitude and Phase Scintillation Obser-
vations, Radio Sci., 26 (1991) 439-449.

[2] S. Basu, S. Basu, J. Aarons, J.P. Mcclure and A.D. Cousins, On
the Coexistence of Kilometer and Meter-Scale Irregularities in
the Night Time Equatorial F Region, J. Geophys. Res., 83 (1978)
4219-4226.

[3] B.M. Pathan and D.R.K. Rao, Seasonal and Solar Cycle Associ-
ation of Zonal Drifts of Ionospheric Plasma Irregularities in the
Indian Equatorial Region, Ann. Geophys., 14 (1996) 297-303.

[4] B.G. Fejer, L. Scherliess and E.R. de Paula, Effects of the
Vertical Plasma Drift Velocity on the Generation and Evolution
of Equatorial Spread F, J. Geophys. Res., 104 (1999) 859-869.

[5] H. Kil and R.A. Heelis, Global Distribution of Density Irregu-
larities in the Equatorial Ionosphere, J. Geophys. Res., 103
(1998) 407-417.

[6] R.S. Lynn, K. Gardiner-Garden and A. Heitmann, The Observed
Compression and Expansion of the F2 Ionosphere as a Major
Component of Ionospheric Variability, Radio Sci., 51 (2016)
538-552.

[7]1 M. Abdullah, J.S. Mandeep, S. Zainuddin, S. Abdullah and
A.F.M. Zain, Variations of foF2 Prior to Earthquakes, MAPAN-
J. Metrol. Soc. India, 27(1), (2011), 13-22.

[8] B.G. Fejer, Low Latitude Electrodynamic Plasma Drifts: A
Review, J. Atmos. Terr. Phys., 53 (1991) 677-693.

[9] B.G. Fejer and L. Scherliess, Time Dependent Response of
Equatorial Ionospheric Electric Fields to Magnetospheric Dis-
turbances. Geophys. Res. Lett., 22 (1995) 851-854.

[10] Su. Basu, S. Basu, C.E. Valladares, H.C. Yeh, S.Y. Su, E.

MacKenzie, P.J. Sultan, J. Aarons, F. J. Rich, P. Doherty, K.M.

Groves and T.W. Bullett, Ionospheric Effects of Major Magnetic

Storms During the International Space Weather Period of

September and October 1999: GPS Observations, VHF/UHF

Scintillations, and In Situ Density Structures at Middle and

Equatorial Latitudes, J. Geophys. Res., 106 (2001) 389—413.

A. Bhattacharyya, S. Basu and K.M. Groves, C.E. Valladares

and R. Sheehan, Effect of Magnetic Activity on the Dynamics of

Equatorial F Region Irregularities, J. Geophys. Res., 107 (2002)

1489-1495.

J. Hanumath Sastri, N. Jyoti, V.V. Somayajulu, H. Chandra and

C.V. Devasia, Ionospheric Storm of Early November 1993 in the

Indian Equatorial Region, J. Geophys. Res., 105 (2000)

443-455.

[13] B. Engavale, K. Jeeva, K.U. Nair and A. Bhattacharyya, Solar
Flux Dependence of Coherence Scales in Scintillation Patterns
Produced by ESF Irregularities, Ann. Geophys., 23 (2005)
3261-3266.

(11

[u—

[12

[}



Dependence of Coherence Scales of Tonospheric Scintillation Patterns on Magnetic Activity 65

—_

—_—

[}

[14] AK. Singh, R.P. Patel and R.P. Singh, Statistical Features of

Overhead Ionospheric Irregularities and Its Generation Mecha-
nism at Low Latitude, J. Atmos. Terr. Phys., 68 (2006)
1116-1124.

M.J. Keskinen, S.L. Ossakow and B.G. Fejer, Three-Dimen-
sional Nonlinear Evolution of Equatorial Ionospheric Spread-F
Bubbles, Geophys. Res. Lett., 30 (2003) 1855-1858.

P.T. Patill, R.N. Ghodpage, A. Taori, R.P. Patil, S. Gurubaran,
S. Nikte, D.P. Nade, A.K. Sharma, S. Banola,V. Laksh-
miNarayanan and D. Siingh, The Study of Equatorial Plasma
Bubble During January to April 2012 Over Kolhapur (India),
Ann. Geophys., 59(2), (2016), 1-20.

A.W. Wernik, L. Alfonsi and M. Materassi, lonospheric Irreg-
ularities, Scintillation and Its Effect on Systems, Acta Geophys.
Pol., 52 (2004) 237-249.

A. Bhattacharyya, B. Kakad, S. Sripathi, K. Jeeva and K.U.
Nair, Development of Intermediate Scale Structure Near the
Peak of the F Region Within an Equatorial Plasma Bubble, J.
Geophys. Res., 119 (2014) 3066-3076.

A. Bhattacharyya, K.M. Groves, S. Basu and H. Kuenzler, C.E.
Valladares and R. Sheehan, L-Band Scintillation Activity and

—

—

—

Space-Time Structure of Low-Latitude UHF Scintillations,
Radio Sci., 38 (2003) 1004-1012.

B.H. Briggs, The Analysis of Spaced Sensor Records by Cor-
relation Techniques, Middle Atmosphere Program: Handbook
for MAP, Ground-Based Techniques, (ed. Vincent, R. A.), 13
(1984) 166-186.

B. Kakad, K. Jeeva, K.U. Nair and A. Bhattacharyya, Magnetic
Activity Linked Generation of Night Time Equatorial Spread F
Irregularities, J. Geophys. Res., 112 (2007) 1-11.

B. Kakad, C.K. Nayak and A. Bhattacharyya, Power Spectral
Characteristics of ESF Irregularities During Magnetically Quiet
and Disturbed Days, J. Atmos. Sol-Terr. Phy., 81-82 (2012)
41-49.

R.P. Singh, R.P. Patel and A.K. Singh, Effect of Solar and
Magnetic Activity on VHF Scintillations Near the Equatorial
Anomaly Crest, Ann. Geophys., 22 (2004) 2849-2860.

N. Jyoti, C.V. Devasia, R. Sridharan and D. Tiwari, Threshold
Height (hOF)c for the Meridional Wind to Play a Deterministic
Role in the Bottom Side Equatorial Spread F and Its Dependence
on Solar Activity, Geophys. Res. Lett., 31 (2004) 1-4.

@ Springer



	Dependence of Coherence Scales of Ionospheric Scintillation Patterns on Magnetic Activity
	Abstract
	Introduction
	Data Analysis
	Results and Discussion
	Summary
	Acknowledgements
	References




