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OBJECTIVE of this study is to investigate the day-to-day variability
of GPS scintillations that are caused due to refractive index fluctuations
in the ionosphere under different solar flux levels. Also understand the
role of (a) Pre-Reversal Enhancement (PRE) of the zonal electric field and
(b) EEJ strength in the generation of scintillations/irregularities.

Introduction

dThe ionospheric variability under quiet and disturbed conditions have
been studied extensively due to its impact on the radio wave propagation.

OdHowever, still the day-to-day variability of the ionospheric processes
and their impact on the EM wave propagation is puzzling.

dSince ionospheric processes (low latitude) such as EEJ, EIA and ESF
are elctrodynamically coupled together, we need to understand their
coupling to understand the ionospheric effects on the radio propagation.



Introduction continued...
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Introduction continued...
Gravitational Rayleigh-Taylor Instability - Equatorial Spread-F
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Introduction continued...

The main parameters that affect the growth of the R-T Instability
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A brief info about ionospheric scintillations

+»* lonosphere scintillations are produced when a plane electromagnetic signal
propagates through an irregularity layer in the ionosphere by satellites.

+» Diffractive and refractive processes from irregular electron density
structure causes amplitude and phase fluctuations respectively in the
received signal known as ionospheric scintillations.

+*The intensity of amplitude scintillations is given by the scintillation
intensity index, S, which is defined as normalized standard deviation of
intensity fluctuation. The standard deviation of the received phase signal is
known as phase scintillations.

+»» Phase screen approximation is used to understand these scintillations.

Animation courtesy Dr. Mitchell




L ocations in India
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Description of the data sets

SCINDA GPS receiver data at Tirunelveli, Indian
region during the years 2007-2013.

Canadian Digital lonosonde (CADI) data from
Tirunelveli, an equatorial station

Delta H values over Indian region

Geomagnetic indices like kp, Ap and solar indices
like solar flux and sunspot numbers
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GPS L-band scintillations during 2007-2013 over Tirunelveli
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Typical examples of Range and Frequency spread F irregularities in ionograms
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Satellite traces in the ionograms prior
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Typical example of ionospheric scintillations at L-band and
the TEC fluctuations during an ESF event
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EEJ strength (nT)

SCND DOY=106 Date:2013-04-16
1 1

Signature of strong scintillations
under evening CEJ event

[=2]
[=]

I
[=]

CADI h't  TIR  168_Apr_2013

TEC in TEC units

e B = o e e e e e e e
20 F R a8
L- . . 3
- . -
ao0 N - - - - - i 2
- o

Time in UT e LT A a e
SCND DOY=106 Date:2043-04-16 8O0 - ) -

Ur-:t.:ﬁrﬁ:nge

S4 Index

200

16:00 18:00 20:00 2100 2200 25:00 00:00

CADI Rt TIR 17 _Apr_2013

Tlme In UT 1000 L S LANNL B R B (LN S R B R L R B B L B N BN B B BB “el B S B R P |
EEJ strength over India Date:16 Month:apr Year: 2013 r - -_ - .- - SEE = - - - E AR
150 ! - L 1 - - " - - e o - - 4
EEJ strength (nT) | -G R -
- - -_—— T - _ _ - -
o . St T
100 i ) = s - - |
& - - - .. T ST
&0 - - T et - - - TE o z
CCO S O -1 .E
‘é‘ _ﬁ.fl. - o - - - - N <
Z " -
S0 - : : - r - - AT R |
40 LT T e . = =
- o ; -
o -y - . ]
/ o 1
.-'/ M e — S il )
0 et \ o z e 20 - R
. ,/’J . s
— B
- — Tt T
00:00 Q1:00 02:00 03:00 04:00 05:00 Q6:00

-50 T T T 1
0 S5 10 15 20
Time (IST)



Radar RTI map
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Timein IST

Time in IST

Time inIST

Seasonal and day-to-day variation of Drifts, virtual height, L-band
scintillations and spread F during the year 2011

E x B drift velocity (m/s), 2011
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Virtual Height (km)
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Scintillation strength

Scintillation strength

Strength and duration of GPS scintillations (2011)

Daily sum of scintillation strength (s4>0.2)
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Time in IST

Seasonal and day-to-day variation of Drifts, virtual height, L-band

scintillations and spread F during the year 2012
E x B drift velocity (m/s), 2012
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Scintillation strength

Scintillation strength

Strength and duration of GPS scintillations (2012)

Daily sum of scintillation strength {s4>0.2)
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Variation of peak virtual height (indicator of PRE) and time of peak

Max F layer height (km)

Max F layer height (km)

Seasonal and day-to-day variation of max. EEJ during ESF (red) and non ESF

variation during the year 2011

aF
<z

lonosonde SPF
lonosonde non SPF

lonosonde SPF

30 L : .

=5 lonosonde non SPF

Time at Max F layer height (Hrs)

250 300 350

= SPS Scintillations

= SPS Seintillations

= Mon GRS Scintillations

= Mon GRS Scintillations

Time at Max F layer height (Hrs)

a 50 100 150 200

days during the year 2011

‘ = max eej at GPS scintillation

250 300 350

| | | “ max eej at hon-GPS scintillation
150 . ;
125 i U s 25 : L
— 100~ » 4 Gles m ¥ N ] : : r
= e o FEd L :
£ 157 ?jv g gam;% gﬁv"”& ﬂ%% %:’v v : :&E%ﬂwt:w&::?% & “g@ﬂ? éﬁ* N & o1
5 ¢ :
B0 Py ﬂvf:v il R T b o i;zu” e v‘; et SR ?g%:kw‘%x‘? A
5 2540 Pl o g EOE R S g S RV |
E 25y # 2 b BB o " S
50| % B EE
75 i \ i T \ i T i \ | i
Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec 31-Dec
Month (2011) = max eej at spread F (cadi)
150 | ! | | % max eej athon sprejad F {cadi)
£ E;i ; N : s o B4 : : i
£ 100 By ey : : g EA o : : r
5 o P WG G W % oy :
£ 5y b R I : 2 TIL ‘g Cog® i -
] RTINS SR ) s FE wls g0 e L m
g 50— % 51:3%:: iy ff’; swé:%"w:% wd ;.%%&&%W ;;@N""%"w'va'“&'% - .%ﬂ Gt B %g ..ﬁw@gw%g.. s
£ o5t ,,v%v?c" B L B e e B e g R A SR SRS SN - S A
3 0— e : . L . -
E 25 " 1 % P u @ . . s @ L
£0— “ % L
7% i \ i i \ i T i \ T i
Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec 31-Dec

Month (2011}



Peak EEJ strength Vs integrated EEJ during scintillations/non

scintillations for the years 2011
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Summary and conclusions

Studied the characteristics of GPS scintillations over Tirunelveli and their relation to
ionosonde PRE drifts and to spread F during low to mid solar activity periods.

The occurrence of L-band scintillations varied as per the solar flux variations.
Scintillations are very weak when solar flux is low. However, as solar flux increased,
scintillations start increasing.

Our observations also indicate that satellite traces (indication of LSWS) precede the ESF
occurrence. Consistent feature of earlier onset of spread F and GPS scintillations during
autumn equinox than vernal equinox is noticed. However, longer durations and stronger
scintillations are seen in vernal equinox than autumn equinox.

The observations indicate that on many occasions post sunset height of the F region is
correlated to scintillation activity, while EEJ strength seems to suggest that evening hrs
integrated EEJ better correlated with ionospheric scintillations.

Our results also suggest that equinoctial asymmetry keep changing.

Our results suggest that more scintillation events observed during autumn equinox than
vernal equinox which is contrary to previous observations of equinoctial asymmetry.
This finding corroborates with enhanced PRE during autumn than vernal equinox.

It appears that increase of solar flux during Autumn equinox period may be resulted in
the rise in the post sunset height leading to the more spread F occurrences.

However, this asymmetry could also be related to symmetry/asymmetry of the crests and
related changes in the meridional winds/Integrated Pederson conductivity or asymmetric
distribution of vertical drifts in both equinoxes which again depend on solar activity.



Thank you very much
for your patience!



lonosonde Spread F and GPS scintillations during recent St. Patrick’s day storm
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Linear growth parameters used for growth rate calculations
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Occurrence of L-band scintillations during the years 2011-2012
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DOY (Day of Year)

ROTI over TIR during 2011

350
300
250 L 035
L o3
200
L 025
150 L o2
100
50

18 20 22 24 26
Local Time

DOY (Day of Year)

5S4 Index over TIR during 2011

350
300
250 L oz
200
r 0.15
1a0
P 0.1
100
0.05
50

18 20 22 24 26
Local Time



The day-to-day, seasonal and latitudinal variation of % occurrence of L-band scintillations
during the years (a) 2004 and (b) 2005, respectively. Here the elevation of 30°, longitude of
75°-80° and S4 > 0.2 are used as thresholds.
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Occmrence

Histogram of L-band scintillations during vernal and
autumn equinoxes at different latitudes during 2004-2005

Vernal Equinox
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Seasonal and latitude variation of NmF2 over Indian longitude during
2004-2005
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TEC in TEC units
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