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Abstract

In the present study we have investigated the niymiid seasonal variability of TEC and
amplitude scintillation index ($ over two Indian polar stations Maitri (Antarctiahd Ny-
Alesund (Arctic), during the low solar activity ped 2008. We have used the Novatel's
dual frequency GPS receiver GSV4004A to accomgligh study. From our analysis we
observed that TEC achieves its highest values gutire months of November and
December while during the month of May and Junddtest values of TEC were recorded
at Maitri station. Similarly during summer seasbe highest values of TEC are recorded
while in winter season lowest values of TEC areeoled. The scintillations that occurred
during the year 2008 at Maitri as well as at NysAled were generally found to be of weak
type (S>0.1), although few cases of moderatg>(53) and strong (S0.5) scintillation
were also observed. The occurrence characteristissintillations showed that maximum
scintillations at Maitri occur during the month &fly and August while least scintillations
occur during the month of January and Februarys Type of ionospheric variability can be
explained on the basis of solar irradiance at PRé&gions.
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1. Introduction

The variability and behavior of high latitude anolgr ionosphere is very much different
from that of equatorial and low latitude ionosphefde energy transferred from solar
wind to magnetosphere during solar wind magnetagpimeraction is being deposited at
the Polar Regions which produces several typesstidrtbances in the auroral ionosphere.
High latitude regions are directly affected by érdry of charged solar particles which on
dissipating their energy cause auroras and thug rtrekionosphere asymmetrical. One of
the most interesting characteristic feature of shkar wind magnetospheric interaction
occurring at Polar Regions is seen in the formunbeas.

The auroral ionosphere is subjected to adverseespaather conditions which cause
significant temporal and spatial variations of &lee density and density gradients
resulting in highly variable (TEC) [1] and fluctimt in amplitude and phase of radio
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signals [2]. In Polar Regions, irregularities offelient scales are common, which cause
fluctuations in the total electron content. Theeitde phase fluctuations observed along
GPS satellite passes are caused by dramatic cham@dsC and demonstrate a strong
horizontal gradient of TEC. Fluctuation effects afteiC gradients can have a significant
impact on GPS measurements. They affect phase aitybigesolution; increase the
number of undetected and uncorrected cycle sligdass of signal lock [3-5].

Several studies [1, 6] have used GPS observations d single site or a local network
to monitor TEC fluctuations and related irregulastin the high latitude ionosphere.
Dohertyet al. [7] and Wanninger [8] have utilized the GPS ddt8@s interval to study
ionospheric irregularities by computing the timeéeraf the change of the differential
carrier phase. This is equivalent to the rate ef ¢hange of the total electron content,
termed ROT in units of TEC/min. Krankows#ti al. [6] have demonstrated the utility of
such a dataset for studying the evolution of défgrscale irregularities during magnetic
storms at high latitudes. i al. [9] have defined rate of change of TEC index (ROTI
based on standard deviation of ROT over a 5-miioger

Over past four decades, a great deal of researshrénealed that ionospheric
scintillation is most likely to occur in equatoriahd auroral regions. At low latitudes, the
scintillation is primarily controlled by increasinigegularities over the magnetic equator.
After sunset, when the eastward electric field mhanced, irregular plasma density
depletions are generated on the bottom side ohitjigtime equatorial F region and rise
to higher altitudes as a result of nonlinear evotuf the generalized Rayleigh-Taylor
and E x B instabilities [10, 11]. In the auroral zone, sitiations mainly occur in the
nighttime period and exist at all local time in thelar cap region. In recent years many
observations of GPS scintillations at high latitsideere reported by many researchers
[12-15]. Using GPS observations from 11 high lat#stations, Aarons [16] noted that
the phase fluctuation activity has a daily patter@inly controlled by the motion of the
receiver location into the auroral oval. Mitchetlal. [17] found that GPS amplitude and
phase scintillations connected with steep (TECYigra at the southwest of Svalbard
during the Halloween storm of October 2003. Lai, Franceschét al. [18] examined
the observations from a chain of GPS ionospheriotiBation and TEC receivers in
Northern Europe, and investigated the dynamic®wodsphere during the storm event. A
strong influence of IMF on the formation and moveitnaf patches were reported.

Severe amplitude fading and strong phase scimitlataffect the reliability of GPS
navigational systems and satellite communicatidrgerefore, it is desirable to obtain
further understanding of ionospheric scintillaticarsd its effects on GPS by means of a
receiver capable of performing in such conditiofisis paper describes the monthly and
seasonal variability of TEC and amplitude scirtitla (S;) index over Indian polar
stations Maitri (Antarctic) and Ny-Alesund (Arctiduring the low solar activity period
2008.

2. Dataand Method of Analysis

lonospheric scintillation and TEC measurements wpegformed using the GPS
lonospheric Scintillation and TEC monitor (GISTM)S® 4004A. The receiver system
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was installed and operated at Indian AntarcticiatatMaitri from January 2008 to
January 2009 and at Arctic base station, Himadrii@ months October and November
2008. The receiver computes ionospheric TEC froenGPS L1 and L2 signals. The GSV
4004A can also automatically compute and recordathelitude scintillation index (p
and the phase scintillation index,( This receiver is capable of tracking and repagrtin
scintillation and TEC measurements simultaneoustyl0 GPS satellites in view. The
GPS observables are biased by the instrumentay tiedaefore it is necessary to remove
these biases for accurate estimation of TEC. The®Tetermination has the capability
to remove the instrumental biases both from theivec and the satellite. The instrument
time delay and potential errors are corrected usiagode biases.

The amplitude scintillation is monitored by compgtithe $ index, which is defined
as the standard deviation of the received signalepcormalized to the average signal
power. It is calculated for each 60 second period 60 Hz sampling rate. The iBdex is
computed over 60-second intervals and stored inldhespheric Scintillation Monitor
Receiver data log along with the phase measuremEnitsis referred to as the tota)(8r
S;1). The normalized Sindex, including the effects of ambient noise,disfined as
follows:

2 2
Syr = <P >_§P> @)

(P)

The amplitude measurements are then filtered usihgw Pass Filter (LPF) and the
effects of ambient noise are removed from the Fhis is achieved by estimating the
average signal-to-noise ratio over the 60-secotehial. The 60-second estimates are
then used to determine the expected@rection (oS4NO ) due to ambient noise. Phase
scintillation computation is accomplished by moriitg the o, index, the standard
deviation of the deterrent carrier phase computex o, 3, 10, 30 and 60 s intervals.

3. Resultsand Discussion
To study the monthly and seasonal variability ofCTEt polar stations during the low
solar activity period 2008 we processed the oneg ¥&RS data recorded at Antarctic
station, Maitri and two month data recorded at isrstation, Himadari.

We begin the presentation of our results with thedies carried out over Maitri
followed by the studies carried out for Arctic gtatNy-Alseund.
3.1. Studies over Maitri (Antarctic)

3.1.1. Monthly behavior of total electron content

The variability of TEC for all the 12 months is peamted in Fig. 1. The black lines show
the variation for 30 days of the month and red khews the variation of the median
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value of the month. This figure reflects the didnpattern of the TEC during the different
months of the year 2008. From this figure we obseéhat during months of September,
October, November and December the TEC achievésglest values. At the same time
the diurnal variability pattern of TEC during thes®nths is similar to that seen at
equatorial or low latitudes. Similarly during theonths of April, May, June and July the
lowest values of TEC were recorded. The minimunueslof TEC were found to occur in
the month of June. We also notice that during theeaths the diurnal pattern does not
match with pattern seen at low latitudes. Moreoirespite of low solar activity we notice
rapid fluctuations in the TEC which is a charactérifeature of polar ionosphere. This is
exactly in accordance with the variability of sofadiation and solar zenith angle at high
latitude regions. The polar cap receives maximutars@diation during the month of
December which is also known as polar day and cetadlack out is observed during
the month of June when no solar radiation is prethert is why this month is also known
as polar night. This type of behavior of TEC ingralegion depends on solar zenith angle
also. Another interesting feature seen from the Figs the normal peak shift pattern in
every month. This type of peak shifting patternatefs on the solar zenith angle and the
time period for which solar radiations remain presiaily (length of the day).
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Fig. 1. Monthly variation of TEC during Jan — D&R08 at Maitri station.
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3.1.2. Seasonal behavior of total electron content

The variability of TEC during all the three seasofighe year 2008 is shown in Fig. 2.
From this figure we notice that the TEC achievesighest values during summer season
while in winter season the lowest values of TEC eorded. In summer TEC values
fluctuate between 11 and 20 TECU while in winterCTzaries between 8 and 13 TECU.
In equinox season the values of TEC fluctuate betweg and 16 TECU. This type of
variability can also be explained on the basis @érsirradiance. Since during summer
maximum solar radiation received by the polar cabighest so TEC achieves its highest
values and accordingly for winter season.

The daily pattern of TEC for the entire year 208&lown in the Fig. 3. It shows an
interesting feature. The peak shift pattern wittoam of impinging solar radiation which
the polar cap receives is clearly depicted in figjare. During summer season the solar
radiation is present for full day, consequently get a low latitude diurnal type of
behavior. The TEC starts increasing in the morr@Eng peaks in the afternoon and then
starts decreasing in the evening hours. But asuhiemn season arrives the length of the
day goes on decreasing both on dawn and dusk sidetime for which sun appears
decreases progressively due to which the heighfitE® peak goes on decreasing till it
disappears in the winter season. In the winterngleipeak is observed due to the
appearance of the sun for only few noon hours aftéch no-sun period (Polar night)
starts. After winter season as the vernal equisagrached the sun again starts growing in
a normal way and we find TEC also reverts backddaliurnal type normal pattern [13-
15].
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Fig. 2. Seasonal variation of TEC during Januabeeember 2008 at Maitre station.
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Fig. 3. Variation of monthly median TEC and shiftiof TEC peak during January — December,
2008 at Maitri, Antarctica.

3.1.3. Amplitude scintillation studies at Maitri

The scintillation morphology is described in terafspercentage occurrence in specified
threshold level of Sindex. The study is made in terms of hourly anchthly variations

of S, index observed in GPS signals at Maitri Antarctiea. 4 shows the scintillation
occurrences with different thresholds qfiBdex i.e. 0.1, 0.3 and 0.5. The figure shows
that the scintillations observed at high latitude® generally weak type £9.1).
However few cases of moderate scintillationg>(S3) and strong scintillations £.5)
were also observed. It can also be noticed thatrman scintillations occur during the
months of July and August while least scintillasooccur during the months of January
and February. In general high latitude scintillaiamccur over night side auroral oval and
the polar cap at all local timesHigh latitudes scintillations are found to be asstad
with large scale plasma structures known as patdtielss and sun-aligned arcs [19, 20].
High latitude auroral irregularities are formedrfra precipitation of energetic electrons
along terrestrial magnetic field lines. These etats are energized through complex
interaction between the solar wind and the Eanttréginetic field, resulting in optical and
UV emissions commonly known as the auroras. Evideniodicate that the dayside
auroral oval plays a major role in the formationlarfje scale ionization structures in the
polar ionosphere [19]. These structures convecbsacrthe polar cap and cause
destabilization of the plasma and then developriméeliate scale irregularities by the
action of the gradient drift instability mechanig20]. The destabilization process also
includes the current convective and Kelvin-Helmhatistability [21]. It is established
that precipitation of soft particles into the F imeg may play a direct role in the
irregularity formation [22, 23]. In addition to s, the sheared electric field in the cusp
region is also a source of localized intermediatdesirregularities [24]. Since patches are
associated with high plasma density, scintillatiohsatellite signals due to irregularities
in the velocity shear region are expected to bekerethan patch induced scintillations
[13-24]
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Fig. 4. Scintillation occurrences witiffefent S4 index values at Maitri station.

3.2. Studiesover Ny-Alesund, Arctic

We have also studied the variability of TEC over tiorthern hemisphere at Ny-Alesund
(Indian Arctic station) during October and Novemineonths of 2008 when polar night

had just started in the northern polar region. Hewealue to non availability of data for

the rest of the year the variability of TEC for thetire year could not be studied. The
variability of TEC for these months is presentedhe Fig. 5. During the study we found
that values of TEC remain high during both the rhent
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The occurrence characteristics of scintillationsNgtAlesund during the month of
October and November 2008 are shown in Fig. 6. fllnre shows that scintillation
activity remained higher in the month of Novembert in October month.
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Fig. 5. Variability of TEC during October — Novemt#008 at Himadri station.
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Fig. 6. Monthly average scintillation activitiesrthg October — November 2008 at Himadri station.

4. Conclusion

The main conclusions drawn from the present studyaa follows:

a. The highest values of TEC are recorded in the nwotiNovember and December
while lowest values of TEC are recorded during thenths of June and July.
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Similarly, the highest values of TEC are recordadrd) the summer season while
the lowest values are recorded in the month ofewint

b. A shift in the normal diurnal TEC peak is obseryiemm month to month (January
to December).

c. The scintillation occurrences at Maitri during loselar activity period were
generally of weak type.

d. The maximum scintillation occurrences were obserdedng the month of July
and August while least occurrences were observetianmonth of January and
February.
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