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Abstract: A GPS receiving system has been installed at Scott Base, Antarctica in November 2002 for
GPS ionospheric TEC and scintillation measurement as part of the Antarctic research collaboration
between Malaysian Antarctic Research Programme and Antarctica New Zealand. The heart of the system
consists of Trimble TS5700, a high-performance dual-frequency GPS receiver capable of recording the
Carrier to Noise ratio (C/No) of the incoming GPS satellite signals and a Trimble Zephyr Geodetic
antenna with sub-millimeter phase center repeatability for enhanced multipath resistance. This paper
presents an initial result of ionospheric scintillation measurements at Scott Base during a minor to major
storm event between 20th and 22nd November 2002 with sudden storm commencement (S SC) on 21st

November 2002. The Kp, Dst, and Ap geomagnetic indices for this storm during SSC are 7, -126 nT,
and 38 respectively as reported by the World Data Center (WDC) and Australian IPS. Measurement
results show that the scintillation activities are in good agreement with the WDC data and indicate a
pronounced phase scintillation activity during the recovery phase by factor of 1.8 than that of the sudden
commencement for this particular storm event. The pronounced scintillation activity during the recovery
phase conformed to the other reports published in the open literature.

Key words:

INTRODUCTION

The Earth’s ionosphere can cause serious problems in many radio applications, especially in radio
communications, navigations, and space weather, which is now been the subject of active research. The
ionosphere is prone to significant disturbances, which are considerably worse during periods of high solar
activity, such as at solar maximum (Dodson et al, 2001). As the radio wave signal from a satellite or radio star
interact the disturbed ionosphere, the received signal will exhibit a rapid fluctuation in amplitude, phase and
Faraday rotation due to the irregularities of the electron density in this medium (Birsa et al, 2002). These
fluctuations in amplitude, phase, and Faraday rotation angle of the signal about mean level is known as
ionospheric scintillation.

The most significant manifestation of ionospheric scintillation often takes place in equatorial and auroral
regions (Birsa et al, 2002). Extensive studies on ionospheric scintillation mostly are done on the northern part
of the hemisphere, especially at the mid-latitude region. However polar region scintillation is a relatively poorly
investigated phenomenon, especially at Antarctica (Fu et al, 1999) and is now being the subject of interest
especially for the global mapping of the ionosphere and its prediction. Recently, GPS receivers (Dual- or single-
frequency GPS receiver) have been used successfully to extract the amplitude and phase scintillation from the
GPS signal. The advancement of GPS receiver technology provides a low cost solution for monitoring the
ionosphere on a global basis. 

This paper presents the instrumentation set-up for GPS scintillation measurement using Trimble TS5700 dual-
frequency GPS receiver at Scott Base Station Antarctica and initial results of the measured amplitude and phase
scintillation during a minor to major storm event between 20th and 22nd November 2002. To support the initial
analysis, the data were compared with the recorded magnetic activity obtained from World Data Centre (WDC)
and Australian IPS (2002). This paper briefly introduced the ionospheric scintillation concept, followed by GPS
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scintillation measurement techniques, measurement setup and data processing, results and analysis, and finally
on the discussion and conclusion.

2. GPS -Scintillation Measurement Techniques:
Research on radio scintillation began with the discovery by Hey, Parsons and Philips in 1946 while

measuring the spatial distribution of galactic radiation (Wheelon, 2001). Earlier research in ionospheric
scintillation was carried out using beacon signals received from geo-satellites and radio sounding techniques.
With the advancement in GPS receiver technology and its low-cost solution, researchers all over the world are
now turning to GPS sensing technique for measuring the ionospheric TEC and scintillations.

GPS signals provide an excellent means for measuring scintillation effects on a global basis as they are
available and can be measured through many points in the ionosphere simultaneously (Van Dierendonck et al,
1993). Dual and single frequency GPS receivers are both used for this purpose using the GPS L1 and/or L2
carrier and phase signals transmitted from the satellites. Dual frequency receiver has the advantage over the single
frequency receivers, in which differencing techniques can be employed to cancels all systematic errors due to
satellite motions, clock drifts, and the tropospheric errors (Van Dierendonck et al, 1993). In single frequency
receiver the removing of systematic errors is achieved by using high pass filters on L1 signal amplitudes. L1 and
L2 carrier frequency measurements and signal to noise ratios are used in calculation of the phase and amplitude
scintillation (Van Dierendonck et al, 1993).

There are many methods for calculating the amplitude and phase scintillation using GPS observables.
However, in this paper we only present the most widely used formulations. Amplitude scintillations can be
characterized by a depth of fading and a fading period or frequency. Briggs and Parkin (1963) proposed a
descriptor, S4 index, to represent signal fade, which is define as the standard deviation of the received power
divided by the mean value of the received power. This formulation is given by Eq. (1) (Van Dierendonck et al,
1993; Briggs, 1963); Another similar approach for calculating scintillation index but using C/N instead of signal
power is given by Eq. (2) (Fu et al, 1993a).
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where P is the received signal power, C/NL1 and C/NL2 are the signal-to-noise ratio measurements on L1
and L2 carrier phase in dB-Hz. The S4 index can be averaged over any appropriate period. However, one minute
average is being typical. Amplitude scintillation can also be calculated using Eq. (3) (Fu et al, 1999a):

A(t) C/No (t) C/No (t 1)   (3)

where C/No is the signal-to-noise ratio on L1 or L2 carrier phase measurements (dBHz) and t is the
observation time in seconds. 
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For single frequency receiver, phase scintillation can be determined from the measurement of the standard
deviation and the power spectral density of the de-trended carrier phase signals received from GPS satellites .
For dual-frequency receiver, phase scintillation can be calculated using Eq. (4) (Shilo et al, 1998):

where L1 and L2 are the GPS L1 and L2carrier phase measurements and C is a constant for converting the
measurements to L1 and L2 ionospheric phase delay. The  L1 ,L2 term canalso be express as given in Eq. (5) 
(Fu et al, 1999b):
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3. Measurement Set-up:
The measurement system which was installed at Scott Base Station, Antarctica (77.9°S,166.8° E) is shown

in Fig. 1. The system was up and running on the beginning of November 2002. It consists of Trimble TS5700
24-channel, high-precision, dual-frequency GPS receiver, Trimble Zephyr Geodetic antenna, and a notebook
computer for data logging. The GPS receiver and the notebook were housed inside the Scott Base Haetherton
Lab, while the antenna was mounted on the tower nearby at a height of 28.2m a.s.l. The Trimble Zephyr
Geodetic antenna was employed due to its improved accuracy, resulting from sub-millimeter phase center
repeatability, enhanced multipath resistance, and superior satellite tracking at all elevation angles and in difficult
environments.

The receiver was set to track GPS signals at 1 second sampling rate and the cutoff elevation angles was set
to 13° to maintained the quality of the data. The GPS receiver recorded the data in UT time. At Scott Base, the
local time is UT+12, where UT midnight and noon correspond to noon and midnight at Scott Base respectively.
The GPS station is maintained by the Antarctica New Zealand (ANZ) personnel for all year round for a three
years duration beginning from November 2002. The collected data are sent to the authors in CD forms on a
monthly basis except during the dark winter.

Fig. 1: The measurement set-up system.

4. Data Processing:
The collected data are stored into five sub directories by Trimble TS5700, however we only used data files

(*.dat) and Rinex files (*.obs, *.nav and *.met) for the analysis. The log files (*.log) on the other hand shows
the status of the logging activity. For scintillation calculation and analysis, the required parameters are the L1,
L2 (in cycles) and the S1 and S2 (in dB-Hz). The L1 and L2 are the phase measurements on GPS L1 and L2
signals which are obtained from Rinex file at 1s sampling rate. The S1 and S2 parameters are the signal-to-noise
ratio (C/No) on L1 and L2 which are extracted from the binary data file using TEQC routine (UNAVCO). The
S1 and S2 parameters are sampled at a 5s interval. For the purposes of analysis, the data are analyzed at 5 and
30 second sampling interval.

A Matlab program suite was developed to process, analyze and plot the amplitude and phase scintillation
from the collected data. The Vertical Total Electron Content (VTEC) is also calculated to support the analysis.
Method for calculating VTEC can be found elsewhere (Yizengaw et al, 2002).

5. Magnetic Storm Conditions:
Fig. 2 shows the geomagnetic indices: Kp, Ap and Dst as recorded by WDC during the period of 18th to 24th

November 2002. As shown in this figure the first sudden storm commencement (SSC) occurred on the evening
of 20th November at 1900 UT followed by the second SSC in the early morning of 21st November at 0300 UT.
The first SSC is considered a minor one whilst the second SSC is considered a minor to major storm which we
will consider in the analysis. The storm enter it recovery phase in the midday of 21st November and end on the
afternoon of 22nd November. Maximum activity occurred on 2 1st November as shown in the figure with recorded
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value of Ap index of 38. On this day, at 0900 UT the recorded Kp index reached a maximum value of 7 and at
0930 UT the Dst index reached a value of -126 nT.

Fig 2: The Magnetic indices in the period 18 to 24 November 2002 (a): Disturbance Storm Time index Dst
(b): the Planetary indices Kp and (c): Ap index.

RESULTS AND ANALYSIS

Three days of data covering the period from 20th to 22nd November 2002 are analyzed for this initial analysis.
During this period a minor to major geomagnetic storm has been reported by WDC and by the Australian IPS
with sudden storm commencement (SSC) occurring on the early morning of 21st November 2002.

Fig. 3: PRN24, Elevation angle, L1-C/No, L1-amplitude scintillation, S4 index on L1 and L2 and TEC
observable on 21st November 02 at 13° elevation angle mask.

Fig 3 shows the result for the 21st November 2002 measurement observed from PRN 24 L1 carrier frequency
at 13° elevation angle mask. This figure shows the elevation angle, signal to noise ratio, amplitude scintillation,
S4 index, and the corresponding vertical total electron content (VTEC) in TECU (1 TECU=1x1016 electron/m2). 
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As shown in Fig. 2, the dependency of C/No (or S1), amplitude scintillation, and vertical total electron content
on satellite elevation angle is apparent which is clearly shown on the C/No result which follows closely the arc
shape signature of the elevation angles.Fig 3: PRN24, Elevation angle, L1-C/No, L1-amplitude scintillation, S4
index on L1 and L2 and TEC observable on 21st November 02 at 13° elevation angle mask. In this figure, the
amplitude scintillation as well as S4 index is clearly observed when there is a sudden change in the signal to
noise ratio. However this effect is also observed at low value of C/No or at low elevation angle, but this does
not represent the effect due to the Fig 5: Recorded observation on 22 November for the PRNs 4, 13, 22, 24, 2,
and 20 (a) C/No on L1 dB-HZ (b) Scintillation index (S4) and (c) phase scintillation in meter

Discussions and Conclusion:
We present an initial work of ionospheric scintillation measurement for a week of data from 18th to 24th

November 2002 observed by the GPS station installed at Scott Base, Antarctica. A geomagnetic activity recorded
by the WDC was also presented to support the analysis. The analysis focuses on a minor to major storm event
between 21st and 22nd November 2002. Table 1 summarized the results of the GPS and the geomagnetic indices
reading. From the analysis, the scintillation event shown to exhibit a more pronounced activity during the
recovery phase than that to the sudden storm commencement. This trend was also observed by Birsa et al. (2002)
at Vanimo (2.4° S, 141.4° E) and Shilo et al (1998) at Casey Station (66.28° S, 110.24° E). For this event, the
phase scintillation during the recovery phase is 1.79 higher than that during storm commencement. This minor
storm is believed to be associated with the Earth's entry into a solar coronal holes high speed wind stream (2002).
An insight into the physics of the ionospheric scintillation during a minor storm is quite difficult to reveal.
However we manage to show some physical evidences from the GPS measurement at Scott Base, Antarctica with
the support of the geomagnetic data obtain from WDC. The amplitude and phase scintillation measurement from
GPS receiver are in good agreement with the recorded data obtained from WDC. With GPS measurement alone
even with differencing technique using a dual-frequency receiver, it is still difficult to confirm the ionospheric
parameters measured without auxiliary data, unless some form of data calibration and noise cancellation is
applied to the GPS data. The quality of the receiver and the stability of the satellites also play a major role in
obtaining a quality data.

Table 1: Scintillation features on 21st and 22nd November 2002.
Main Features 21st Nov-02 22nd Nov-02
Kp, Ap ,Dst 7, 38, -126nT 5, 20, -54nT
� - scintillation 0.389 m 0.70 m
S4 index 0.09 0.08
C/No-L1 47 dB-Hz 48 dB-Hz

ACKNOWLEDGMENT

This work is initiated by the late Dr. Zainol Abidin Bin Abdul Rashid and supported by the Academy of
Sciences Malaysia under the ANZ K141Z grant. The author would like to express his gratitude to Academy of
Sciences Malaysia and Ministry of Science , Technology and Environmental Malaysia (MOSTE) for sponsoring
this research. Our deepest gratitude goes to Datuk Dr Salleh Mohd. Nor chairman of Malaysian Antarctic
Research Programme and managerial staff of Academy of Sciences Malaysia , Dr. Dean Peterson and the
managerial staff and science technicians of Antarctica New Zealand for their full support in this work.

REFERENCES

Alan Dodson et al, 2001.“Ionospheric Scintillation Monitoring in Northern Europe”, ION GPS 2001
conference, Salt Lake City, Utah, USA.

Albert D. Wheelon, 2001.“Electromagnetic Scintillation”, I. Geometrical Optics, Cambridge university press,
united kingdom,

Birsa R., et al, 2002. “Scintillation Response of Global Positioning System Signals during Storm Time
Condition ”, proceedings of 4th Cooperative Research Centre for Satellite Systems Conference, Rydges Capital
Hill, Canberra, 12-15 February.

Briggs, B.H. And I.A. Parkins, 1963. “on the variation of radio star and satellite scintillations with zenith
angle”, J.Atoms.Terr.Phys., 25: 334-365.

Dierendonck Van A.J. et al, 1993.“Ionospheric Scintillation Monitoring Using Commercial Single Frequency
C/A Code Receivers”, Proceedings of ION GPS-93, Salt Lake City, UT, September.

5405



Aust. J. Basic & Appl. Sci., 4(10): 5401-5406, 2010

Fu Wan-xuan et al, 1999.“Some Results on the Nonparametric Statistics of GPS Signal Scintillation”, Int.
Symp. On GPS: Application To Earth Sciences & Interaction With Other Space Geodetic Techniques, Tsukuba,
Japan, October, 18-22.

Fu Wan-xuan et al, 1999. “Real-Time Ionospheric Scintillation Monitoring”, 1461-1471,12th Int. Tech.
Meeting of the Satellite Division of the U.S. Inst. of Navigation GPS ION'99, Nashville, Tennessee, September, 
14-17.

ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNE TIC_DATA/INDICES/DST/ 
“IPS Radio and Space Services Australian Space Forecast Centre http://www.ips.gov.au/pipermail/

ipsmsgr/2002-December/000026.html.
Shilo N.M. et al, 1998. “Scintillation and TEC Study of the High Latitude Ionosphere over Casey Station,

Antatctica”, S-RAMP Proceedings of the AIP Congress, Perth, September.
Yizengaw E. et al, 1999. “Use of GPS Signal to Study Total Electron Content of the Ionosphere During the

Geomagnetic Storm on 22 September 1999”, Cooperative Research Center for Satellite Systems, Department of
Physics, La Trobe University, Victoria, Australia.

5406


