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Abstract A geomagnetic storm occurred on 27 February
2014 and the shock related to it arrived at Earth’s magneto-
sphere at ∼17:00 UT. Dayside cusp region scintillation over
Antarctica have been studied along with the Global Position-
ing System (GPS) observed total electron content (TEC),
and Defense Meteorological Satellite Program (DMSP) Pre-
cipitating Particles (SSJ), Bulk Plasma Parameters (SSIES)
and Magnetic Fields (SSM) data. For the first time, simi-
lar variation trend in amplitude and phase scintillation has
been found near the polar latitude. Amplitude scintillation
index (S4) and phase scintillation index (σϕ) show the sim-
ilar enhancement trend at different numerical scale. During
the southward interplanetary magnetic field (IMF) Bz con-
dition there is a significant enhancement in the particle pre-
cipitation occurred through the dayside cusp region. During
southward IMF Bz and dawnward By (By < 0), high con-
vection velocity guide solar wind plasma into the polar cap
which enhances the phase scintillation, but, no amplitude
scintillation enhancement at the similar numerical scale. The
Halley and Dome C East radar data show that at the small
to medium ionospheric irregularity speed, S4, and σϕ vari-
ations are alike. If proper variation scale is chosen, S4 also
appears an appropriate scintillation index for the polar iono-
sphere. The possible mechanism for S4 occurrence similar
to the σϕ at a dissimilar level has been discussed.
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Key points:

1. Dayside cusp region amplitude and phase scintillation in-
dices give similar information but at different numerical
scale during the geomagnetic storm onset.

2. Amplitude scintillation index is also an appropriate scin-
tillation index for high latitude if proper numerical scales
are chosen.

3. SED or TOI does not necessarily produce ionospheric
scintillation.

4. Southward IMF Bz and westward IMF By allows the
scintillation producing ionospheric irregularities to pass
in deep inside the South Pole.
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Geomagnetic storm · Dayside cusp

1 Introduction

Space weather community extensively uses indices S4 and
σϕ for quantifying amplitude and phase scintillation index,
respectively; on the GNSS radio trans-ionospheric commu-
nication signal. Where S4 is the ratio of the standard devi-
ation of the received signal power over the average signal
power and σϕ is the standard deviation of the received sig-
nal phase (Van Dierendonck et al. 1993). The polar iono-
sphere is known to have ionospheric scintillation on the
trans-ionospheric radio wave communication signal during
all local times (Basu et al. 2002; Wernik et al. 2004). Further,
ionospheric scintillation in the polar ionosphere has been
studied extensively, and it is widely believed that strong am-
plitude scintillation at GPS L-band frequency rarely occurs
at the high latitudes; because of this, it is popular to inves-
tigate phase scintillation only during the high latitude iono-
spheric events (Spogli et al. 2009; Li et al. 2010; Prikryl

http://crossmark.crossref.org/dialog/?doi=10.1007/s10509-018-3484-x&domain=pdf
mailto:shishir.priyadarshi@uwr.edu.pl
mailto:zhangqinghe@sdu.edu.cn


262 Page 2 of 11 S. Priyadarshi et al.

et al. 2010; Moen et al. 2013). However, in general, it is
unidentified of any value in considering these two indices
as being in competition. In practice they are complemen-
tary, each of these indices measures different consequences
of ionospheric scintillation. Those differences have distinct
impacts on trans-ionospheric radio signals. For example on
GNSS signals, phase scintillation contributes directly to po-
sition uncertainties and, in extreme cases, it can cause re-
ceivers to lose phase lock, even if signal strength itself is ad-
equate. In contrast, amplitude scintillation is an issue when
it significantly reduces the signal strength. From the last
1–2 decades, space weather researchers are mostly study-
ing the phase scintillation for the high latitude and space
physics community mainly focuses on the phase scintilla-
tion index for studying the polar ionospheric responses dur-
ing the active solar events such as geomagnetic storm, so-
lar flares, Earth-directed CMS’s etc. Kinrade et al. (2012)
studied storm-time ionospheric scintillation over Antarctica
on 5–6 April 2010 and reported the scintillation occurrence
in the deep polar cap 40 minutes after the shock front was
recorded by a satellite at 1st Lagrangian orbit. This scintilla-
tion activity continued for few hours in the dayside. Kin-
rade et al. (2012) also reported that the scintillation was
coincident with the plasma depletion region in the dayside
noon as well as dayside cusp region. Prikryl et al. (2015a)
studied GPS phase scintillation at the northern high lati-
tude during the geomagnetic storm of 7–17 March 2012.
The study carried out by Prikryl et al. (2015a) reported that
the strong southward IMF and high solar dynamic pressure
causes strong scintillation, which was coincident with the
ionospheric convection in the dawn-dusk cells, together with
the antisunward convection patches in the tongue of ioniza-
tion and the polar cap. Prikryl et al. (2016, 2015b) reported
two geomagnetic storms associated high latitude phase scin-
tillation case studies on November 1, 2011, and March 17,
2013. Prikryl et al. (2015a, 2015b) also reported that σϕ in
polar cap of the southern hemisphere were tilted toward dusk
when the IMF By is duskward (By > 0) or toward dawn
when the IMF By is dawnward (By < 0). Further, Prikryl
et al. (2015a, 2015b) stated the enhanced phase scintillation
related with the storm-enhanced density (SED) and frag-
mented tongue of ionization into patches. Strong scintilla-
tion was coincident with the strong poleward flow and the
polar cap. Moderate to strong phase scintillation observed
at the dawn side convection cell. Whereas, weak scintilla-
tion have been observed near the polar side of the subau-
roral polarization stream (SAPS). Wang et al. (2016) found
Arctic region σϕ > S4 at the edges of the irregularities asso-
ciated with bursty flows; and σϕ � S4 in the auroral oval. Jin
et al. (2017) reported scintillation associated with the cusp
region as well as the polar cap patches and mentioned that
scintillation was more severe when patches were entering in
the polar cap and targeted by the particle precipitation and

flow shears. D’Angelo et al. (2018) used multi-instrument
observations and reported the Antarctic ionosphere mostly
responsive to the solar perturbations triggered storm. In this
study, they demonstrated the usefulness of electron density
data for explaining ionospheric dynamics at the polar lati-
tudes.

The presented paper will address the following ques-
tions.

1. Do amplitude and phase scintillation indices show dif-
ferent variation patterns during the pre- and post-geo-
magnetic onset time over Antarctica?

2. If yes, then why? Can we find similar information from
both amplitude and phase scintillation index time series
during the geomagnetic storm.

3. What combination of IMF By and Bz generally trigger
ionospheric irregularities pass deep inside the polar cap
from the dayside cusp sector at the South Pole?

The next section of the paper will provide the detailed
information about the event we chose and the type of the
data set used to investigate it, for answering the questions
raised above.

2 Data and methodology

In the presented paper, we are focusing on dayside iono-
sphere over the southern hemisphere. Fortunately, the GPS
TEC receiver and the GPS scintillation receiver GSV4004b
at South Pole scintillation receiver (location: −89.99◦ ge-
ographic latitude, 93.77◦ geographic longitude) and Mc-
Murdo Station scintillation receiver (location: −77.85◦ ge-
ographic latitude, 166.66◦ geographic longitude) covers
most of the interesting dayside region. The GPS TEC
and scintillation data are freely available at the Madrigal
Database (http://madrigal.haystack.mit.edu/madrigal/). The
TEC data is the vertical TEC (VTEC) defined in TEC us-
ing (1 TECu = 1016 electrons/m2). We have used raw
GNSS data, which is in RINEX 3.01 format for GPS and
GLONASS observations. This GNSS dataset is freely avail-
able at ftp://cddis.gsfc.nasa.gov/gnss/data/daily/. Many pre-
vious research studies have reported that the phase scin-
tillation indices highly rely on the signal cutoff frequency.
In general scintillation, receivers use Van Dierendonck
et al. (1993) method for calculating the scintillation indices,
where the detrending cutoff frequency is 0.1 Hz which is
too low for the high latitudes. At the high latitudes iono-
spheric the Fresnel frequency sometimes exceeds from the
cut-off frequency by an order of magnitude. If we choose
the same cut-off frequency that we use for the low lati-
tude this will artificially enhance the scintillation indices,
and this enhancement is more visible in phase scintillation
index due to phase fluctuation’s direct dependence on the
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spectral index at the low temporal frequencies; than ampli-
tude scintillation index (Forte and Radicella 2002). When
the detrending cutoff frequency is 0.1 Hz this signal gets
contaminated due to the refractive phase shits at the high
latitudes and as a consequence, TEC gradients directly in-
fluence the phase scintillation index (Forte 2005; Forte and
Radicella 2002; Béniguel et al. 2004; Beach 2006). Con-
sidering the problems related to the lower cutoff frequency
of 0.1 Hz, in the presented paper scintillation indices are
calculated from the raw L1 signal carrier phase and inten-
sity data. For detrending, the signal we have used 0.3 Hz
cutoff frequency has been used. It is well known that the
amplitude scintillation index as the ratio of the received sig-
nal power to the average signal power (Briggs and Parkin
1963), whereas the phase scintillation index is defined as the
standard deviation of the detrended carrier phase (Fremouw
et al. 1978). For minimizing the effect of multipath, we are
using the data for elevation angle > 20◦. Recent research
studies presented in Priyadarshi et al. (2018a, 2018b) reveals
the role of interplanetary magnetic field (IMF) components
in controlling the drift of the plasma in the polar ionosphere
during the disturbed earth directed solar events. We have
presented IMF data together with the most of the observa-
tions presented in this paper. We also used high resolution
(1-min) OMNI Solar wind magnetic field data at Earth’s
Bow Shock Nose (BSN), also 1-min provisional activity in-
dices data available at OMNIWeb: High-Resolution OMNI
(https://omniweb.gsfc.nasa.gov/form/omni_min.html). The
high-resolution OMNI data used in the presented study com-
bined 1-min averaged ACE, Wind, IMP 8 and Geotail mag-
netic field and plasma data shifted to a dynamic model bow
shock nose location (7 minutes in our case). For targeting the
dayside post magnetic noon sector of the precipitated parti-
cle at South Pole we have used The Defense Meteorological
Satellite Program (DMSP) SSJ data which provides a com-
plete energy spectrum of the low energy particles; Special
Sensor Magnetometer (SSM) data, which provides informa-
tion about the geomagnetic fluctuations associated with geo-
physical phenomena and Special Sensor Ion Electron Scin-
tillation (SSIES) instrument observed data. SSIES instru-
ment measures the ambient plasma by measuring (1) elec-
tron density and temperature; (2) ion density, temperature
and drift velocity; and (3) scintillation at the DMSP orbital
altitude (840 kilometers). The DMSP data is provided by
NOAA at (http://www.ngdc.noaa.gov/stp/satellite/dmsp/).
Antarctica also has a network of Super Dual Auroral Radar
Network (SuperDARN) radars. This radar network cur-
rently has more than 30 low-power HF radars that target
the ionosphere and they cover the land regions from the
mid-latitude to the poles. These radars work in the fre-
quency range of 8–20 MHz and they can target 16–24
beam directions. SuperDARN radars generally cover a re-
gion between 50◦ to 80◦ in steps of 3.3◦ azimuth over

a time period of 1–2 minute. The special resolution of
the radar observation is about 45 kilometers. These ob-
servations are available at http://vt.superdarn.org/tiki-index.
php. In the next section, we would present our observation
using the instruments and data sources discussed above.

3 Result and discussion

A moderate geomagnetic storm occurred on 27 February
2014 and the storm associated shock arrived at Earth’s mag-
netosphere at ∼17:00 UT (please see Fig. 1). It is well
known that the storm-related shock arrival at the magne-
tosphere results in the enhancement in the solar dynamic
pressure, prolonged southward IMF Bz and remarkable
changes in the magnetospheric current system (Lugaz et al.
2015 and reference therein). Figure 1e shows at and after
∼17:00 UT Sym-H turns negative and achieves a value of
around −100 nT at 21:30 UT. Figure 1d shows the enhance-
ment in the AE index ∼1000 nT at 17:00 UT, this high-level
AE index continued for few hours. Before 17:00 UT IMF Bz
(in red; Fig. 1c) had a weak value, but just after the shock
arrival IMF Bz started to fluctuate mostly southward and
fluctuation in its amplitude was more than 10 nT. IMF By
(in green) was negative between 17:00 to 18:30 UT; after
18:30 UT, IMF By turned positive until 22:00 UT, there-
after it turned negative. Bx had a very weak value until
17:00 UT, thereafter Bx was fluctuating between +10 nT
to 0 nT. Figure 1a and Fig. 1b show the amplitude and phase
scintillation data scatter plot, which includes the data from
the GPS GSV4004 South Pole scintillation receiver (loca-
tion: −89.99◦ geographic latitude, 93.77◦ geographic lon-
gitude) and McMurdo Station scintillation receiver (loca-
tion: −77.85◦ geographic latitude, 166.66◦ geographic lon-
gitude) observations. We have plotted both the amplitude
and phase scintillation maps at a similar color scale vary-
ing between 0.05–0.2. Comparing Fig. 1a and Fig. 1b, it is
very clear that just after the shock arrival time, enhance-
ment in the phase scintillation index (0.15–0.2) started to
appear deep inside the polar cap region −80–85◦ MLAT
(∼13:00–18:00 MLT). But, at this variation scale amplitude
scintillation index do not show any significant changes, and
it is hard to see any changes caused due to the geomagnetic
storm. In conclusion, at the given variation scale (0.05–0.2
in our case) the phase scintillation index shows good co-
herence with the magnetospheric shock arrival effects. It is
important to state here that this scale (0.05–0.2 in our case)
is chosen so that we could see some storm time variations
in the amplitude scintillation index in parallel to the phase
scintillation index. The strongest phase scintillation during
the geomagnetic storm time occurs in the vicinity of the
high plasma convection region of the polar ionosphere, at
the extended tongue of ionization and at the dense polar cap
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Fig. 1 27 February, 2014
Ionospheric scintillation, IMF,
and provisional indices data (a)
phase scintillation index;
(b) amplitude scintillation
index; (c) IMF Bx (in blue),
By (in green), Bz (in red);
(d) AE (in red), AU (in green),
AL (in blue); and
(e) Sym-H/Dst in nT

patches (Prikryl et al. 2013). Such enhanced phase scintil-
lation may be associated with the patches, which are the
large-scale region from 100–1000 kilometers of enhanced
electron density. At the edges of these patches generally, the
electron density fluctuations are very high, as the boundaries
of the patches are surrounded by low electron density region
(Burston et al. 2009; Kivanç and Heelis 1997). Scintillation
can be observed on any part of the patch but, mostly strong
scintillations are observed on the trailing edge of the patches
(Kivanç and Heelis 1997). Whereas, amplitude scintillation
index appears neutral at the similar variation scale of the σϕ

and doesn’t seem influenced as the storm-related shock ar-
rives at the dayside cusp region. Generally, amplitude fading
of GNSS signals appears low during such storm events and
50 Hz signals need analysis only for studying short time sig-
nal fading at the polar ionosphere (Smith et al. 2008; Kin-

rade et al. 2013). For knowing the irregularity structure, it
would be good to check the GPS derived total electron con-
tent and DMSP SSJ and SSES sensor data during the storm
shock arrival time.

Figure 2a and Fig. 2b show the GPS TEC over Antarctica
at 18:45 UT and 19:20 UT. This is the time at which we have
observed strong scintillation deep inside the polar cap. Both
figures show clearly the SED between −60–80◦ at ∼12–
15 MLT. In Fig. 2b, SED noticeably entering at the South
Pole at ∼14–15 MLT. If we see the DMSP F17 (Fig. 2c)
and F16 (Fig. 2d) passes over the post-noon sector of South
Pole, it shows energetic particle precipitation 10–104 eV be-
tween ∼ −60–85◦ MLAT at ∼16–17 MLT (Fig. 2c) and be-
tween ∼ −60–85◦ MLAT at ∼17–18 MLT. The horizontal
and vertical velocity of the particles was considerably high
in this sector, which indicates high energetic particle precip-
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Fig. 2 TEC (a) at 18:45 UT; (b) at 19:20 UT; and DMSP SSIES, SSJ Experiment data (c) F17; (d) F16, on 27 February, 2014

itation as well as enhanced irregularity convection velocity.
The particle density was constant in this region and the local
magnetic field components measured by the DMSP onboard
magnetometer By and Bz both were negative in these sec-
tors. Generally, we see the ionospheric irregularities near the
magnetic noon and post magnetic noon sectors of Antarc-
tica. It would be interesting to see the ionospheric amplitude
and phase scintillation variation in those regions. High lat-
itude scintillation is mostly due to the magnetospheric pro-
cesses and the scintillations are most severe during the ge-
omagnetic storm events (Basu et al. 2002). Mitchell et al.
(2005) studied the severe ionospheric storm time scintilla-

tion of 30 October 2003 and found that a narrow stream
of enhanced electron density plasma has crossed the polar
cap in anti-sunward direction. These enhanced electron den-
sity plasma stream anti-sunward and across the polar cap
are consistent with the southward Bz (Mitchell et al. 2005).
Amplitude and phase scintillation on the several GPS satel-
lites have been observed at the edges of the enhanced elec-
tron density narrow stream and gradient drift instability was
proposed as a most suitable mechanism for this scintillation
event (Mitchell et al. 2005).

Figures 3a and 3b show the amplitude and phase scin-
tillation index over the South Pole between 15:00 UT to
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Fig. 3 15:00 UT to 21:00 UT,
(a) phase scintillation over
South Pole −70–80◦ MLAT,
(b) amplitude scintillation over
South Pole −70–80◦ MLAT;
(c) amplitude and phase
scintillation along 90–100◦ E at
MLT 12:00; (d) amplitude and
phase scintillation along
170–180◦ E at MLT 15:00, over
South Pole −70–80◦ MLAT

21:00 UT at ∼ −70–80◦ MLAT, respectively. Figure 3a and
Fig. 3b are the polar scatter plots, where the geographic lon-
gitude is varying along the rim of the map whereas, the ge-
ographic latitude is varying along the radii of the polar scin-
tillation map. We have optimized the amplitude and phase
scintillation index variation scale, where the phase scintil-
lation (Fig. 3a) is varying between 0.05–0.5, whereas, am-
plitude scintillation (Fig. 3b) is varying between 0.05–0.2.
This optimization is just to demonstrate that the amplitude
and phase scintillation in the polar region vary in the same
way but, at the different range of the numerical scales. If
we compare Fig. 3a and Fig. 3b we see that they show the
similar enhancement in the amplitude and phase scintilla-
tion indices between 90–100◦ E, 110–120◦ E and 170–180◦
E. Figure 3c shows the simultaneous variation of ampli-
tude as well as phase scintillation along 90–100◦ E at MLT
12:00 over the South Pole between −70–80◦ MLAT. This
map covers the scintillation data before and after the geo-
magnetic storm associated shock arrival. Between 15:00–
16:45 UT, the amplitude and phase scintillation variation are
mostly alike but the numerical value of the phase scintilla-
tion index is higher throughout this duration. Just near the
17:00 UT, σϕ enhanced at once, but, we don’t see a conju-
gate peak in the S4 (see Fig. 3c). This peak indicates the geo-
magnetic storm associated shock onset at the magnetic noon
cusp sector. Figure 4d shows the variation of the S4 and σϕ

along 170–180◦ E at MLT 15:00, over the South Pole be-
tween −70–80◦ MLAT. This variation is completely under
the influence of the geomagnetic storm associated effects.
Phase scintillation, without significant amplitude scintilla-
tion on the GPS L-band signal, is mostly due to the high-

velocity large-scale structures, spreading between E and F
ionospheric layers (Forte et al. 2017). As we can see in
Fig. 4 that the σϕ is much larger than the S4, if we compare
it with Fig. 3c, which indicate the irregularities generating
the scintillation have very high speed and they are mostly
large-scale structures. Both the Fig. 3c and Fig. 3d indicates
similar variations and their enhanced peaks are coherent to
each other. The only difference is in the variation scales of
S4/σϕ . It is evident that under the influence of geomagnetic
storm the difference in the variation scale of σϕ and S4 at the
dayside cusp sector enhances but, still both the scintillation
indices follow the same time series variation trend. At the
same numerical scale phase scintillation occurs without any
significant enhancement in the amplitude scintillation is be-
cause of the irregularity generation mechanism that injects
free energy into the system of the order of kilometers scale
and even larger scales, but, this ionospheric irregularity gen-
eration mechanism does not allow free energy injection in
the system of the scale lower than the Fresnel scale (Forte
and Radicella 2002).

Figure 4 compares Halley beam 10 observations with the
GPS scintillation receiver data. The radar beam is target-
ing between 170–180◦ E geographic longitude (Fig. 4a).
Figure 4b shows a thick radar power scatter band (in the
black color dotted rectangle) at ∼18:45 UT spreading be-
tween −68◦ to −76◦ MLAT. Radar velocity observation
shows in Fig. 4c confirms this irregularity band is mainly
due to a high-speed irregularity structure, which is mov-
ing away from the radar’s beam by a speed of ∼400 me-
ters/second. There are also a few low-speed positive veloc-
ity components present in this irregularity band. The spe-
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Fig. 4 27 February 2014,
(a) Halley radar beam 10
direction (b) radar power
scatter, (c) velocity, (d) specific
width of the spectrum between,
(e) GPS TEC in the Halley radar
beam 10 direction, during
17:00–24:00 UT; (f) phase
scintillation, (g) amplitude
scintillation at 170–180◦ E
during 18:40–18:50 UT
observed by South Pole
scintillation receiver in the
direction of the Halley radar
beam 10 on 27 February 2014

cific width of the moving away band is >260 meters/second
(Fig. 4d). We do not have enough GPS TEC observation col-
located with this irregularity band except a thin low TEC
line of ∼7 TECu. This radar irregularity structure was in
the post magnetic noon sector of South Pole. We have plot-
ted 10-minute amplitude and phase scintillation data and it
shows that the scintillation observations fall between 14–
16 MLT (shows inside the black color dotted circle). We
have set the numerical scale for phase scintillation from 0.05
to 0.5 (Fig. 4f) and for the amplitude scintillation (Fig. 4g)
from 0.05 to 0.2. Figure 4f and Fig. 4g demonstrate the
high-velocity ionospheric irregularity structures give rise to
strong phase, but, moderate to weak amplitude scintillation.
After 18:50 UT, Halley beam 10 radar scatters shrinks be-

tween −60 to −70◦ MLAT. In these lower MLAT regions,
we have poor availability of the scintillation data. But, this
figure served its purpose comparing the storm time high-
velocity ionospheric irregularity and their associated iono-
spheric amplitude/phase scintillation index in the post mag-
netic noon sector. The irregularity structure is shown in the
black dotted rectangle in Figs. 4b, 4c and 4d, seems quite
similar to the TOI, as it looks locally structured and its scale
size is a few tens of kilometers scale (van der Meeren et al.
2014). The enhancement in the amplitude and phase scintil-
lation associated with this TOI like irregularity structure in-
dicates that this ionospheric irregularity structure is highly
structured (van der Meeren et al. 2014). But, still, ampli-
tude scintillation index is providing the identical enhance-
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Fig. 5 27 February 2014, South
Pole (a) Dome C beam 0 radar
direction, (b) radar power
scatter, (c) radar velocity,
(d) specific width, (e) GPS TEC
between 0–24 UT in the
direction 170–180◦ E; time
series of (f) phase scintillation
and (g) amplitude scintillation at
170–180◦ during 0–24 UT

ment trend as the phase scintillation index associated with
this structured large-scale irregularity structure at compara-
tively lower variation scale.

Figure 5a shows the Dome C radar beam 00 ray paths.
This radar spots between 170–180◦ E geographic longi-
tude and we are showing here a time series from 0:00 to
24:00 UT. Figures 5b, 5c, 5d, and 5e show a thin iono-

spheric irregularity band present between −70◦ to −85◦
MLAT during 0:00–16:00 UT. After 16:00 UT the radar
backscatter structure shrinks between −70◦ to −80◦ MLAT.
Radar velocity measurements are shown in the Fig. 5c, man-
ifest that before 16:00 UT ionospheric irregularity struc-
tures were mostly unidirectional at a time duration, either
coming towards radar beam or moving away. But, just after
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16:00 UT, and between 16:00–18:00 UT, we see not only
shrinks in the ionospheric irregularity band, but, also the ex-
istence of two opposite high-velocity components, and their
velocity is around ±400 meters/second. This is clearly a
dayside geomagnetic storm onset polar ionospheric feature.
The GPS TEC data between −70◦ to −85◦ MLAT (Fig. 5e)
was high during 0:00–12:00 UT and thereafter, it has a
low value from 12:00–16:00 UT. During 17:00–18:00 UT
GPS TEC data also shows sudden strong enhancement in
the TEC from −70◦ to −90◦ MLAT, which clearly shows
that the high-density plasma is coming into the South Pole
from the dayside sub-auroral latitudes. Figure 4f and Fig. 4g
show the time series of the phase and amplitude scintilla-
tion in the geographic longitude direction from 170–180◦ E
at −70◦ to −80◦ MLAT, respectively. We observe a good
parity in the amplitude and phase scintillation indices be-
tween 0:00 UT to 16:00 UT. After 17:00 UT the σϕ enhance-
ments appear a little more than the S4, but, still, both have
quite a good resemblance until 19:00 UT. During 20:00 to
23:00 UT σϕ peaks are much larger than the S4. Figure 5
confirms that during the geomagnetic storm influence, the
dayside ionospheric irregularity convection speed is much
larger than during the quiet period. Ionospheric phase scin-
tillation is very much vulnerable to the high-speed irregular-
ity structure because such high-speed large-scale structures
very easily change the phase of the GPS signal as com-
pared to the amplitude. Therefore, during such a disturbed
period different numerical scale should be used for the am-
plitude and phase scintillation studies (van der Meeren et al.
2014 and references therein). Our all the results show if the
proper variation scale is chosen amplitude scintillation index
may also appear a useful ionospheric scintillation index for
the high latitude. It is well understood that during the ini-
tial phase of the geomagnetic storm number of the ground
scatter signal increases but, during the intense phase of
the geomagnetic storm, the ground backscatter decreases or
may completely disappear (Zolotukhina et al. 2016). These
changes in the ground backscatter depends on many factors
such as compression of the magnetosphere, expansion of the
convection cell and changes in the atmospheric composi-
tion during the initial and main phase of the geomagnetic
storm (Zolotukhina et al. 2016). The decrease in the Dome
C East radar backscatter between 18:00–22:00 UT is cer-
tainly caused due to all of the reasons mentioned above.

4 Summary and conclusion

The research work presented dayside cusp and post mag-
netic noon region geomagnetic storm-time ionospheric re-
sponse on 27 February 2014 over Antarctica. We have also
studied ionospheric amplitude and phase scintillation asso-
ciated with the SED and TOI structures. However, at the

given variation scale (0.05–0.2 in our case) the phase scin-
tillation index showed a good coherence with the aftershock
arrival effects. Whereas, amplitude scintillation index ap-
pears neutral and doesn’t get influenced after shock arrival
the dayside cusp region. The GPS TEC data shows the SED
over the dayside post noon cusp region and some high den-
sity fragmented TOI entering into the polar region from the
post noon dayside cusp region. IMF Bz is responsible for
the dayside reconnection and at the same time when IMF
By is negative it makes the duskside cell more active and
cusp is shifted towards post noon region. This allows inser-
tion of the high-density plasma deep in the polar cap. The
DMSP F16 and F17 pass over the post magnetic noon sec-
tor of South Pole indicate the energetic particle precipitation
energy ranging for 10–104 keV. The onboard magnetome-
ter data shows both the By and Bz components of the local
magnetic fields very negative. DMSP data shows that the
geomagnetic storm-time ionospheric irregularities have rel-
atively high horizontal velocity component in the post noon
sector of South Pole. In the presented study for the first time,
it is demonstrated that amplitude and phase scintillation data
during the storm time show similar variation trends and the
possible reasons of difference in their numerical scales are
also discussed. During the storm time, at the same numer-
ical scale phase scintillation occurs without any significant
enhancement in the amplitude scintillation near the polar re-
gions appears because of the irregularity generation mech-
anism that injects free energy into the system of the order
of kilometers scale and even larger scales, but, this iono-
spheric irregularity generation mechanism does not allow
free energy injection in the system of the scale lower than
the Fresnel scale. In order to check the parity in the ampli-
tude and the phase scintillation indices at the South Pole, we
have optimized the numerical variation scale of the ampli-
tude scintillation to 0.05–0.2 and the phase scintillation to
0.05–0.5. At this scale their variation is alike. At the opti-
mized variation scale, scintillation indices have shown the
pre- as well as post-geomagnetic storm time enhancement
between 90–120◦ E and 170–180◦ E geographic longitudi-
nal direction. We found that during the pre-storm onset pe-
riod the difference in variation scale of the amplitude and
phase scintillation was very low as compared to their rela-
tive variation after the onset of the geomagnetic storm. We
have checked the 24-hour radar observation along with the
amplitude and phase scintillation time series. We also ob-
served the high ionospheric irregularity convection speed
during the geomagnetic storm time enhances the peaks of
the phase scintillation index to a relatively higher level as
compared to the amplitude scintillation. But, amplitude scin-
tillation shows the storm associated enhancement in its time
series at the South Pole. Radar and GPS scintillation receiver
data confirm that before the onset of the geomagnetic storm,
amplitude and phase scintillation variations have great par-
ity. Therefore, if the proper amplitude scintillation variation
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scale is chosen and both the amplitude and phase scintil-
lation indices are optimized at a different numerical scale,
we can get very similar information from both the indices in
the polar region as well. There is no doubt that the amplitude
scintillation index is more stable and reliable scintillation in-
dex than the phase scintillation index for the polar and high
latitude ionosphere if we optimize its numerical variation
scale properly.
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