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ABSTRACT 
 

The Global Positioning System (GPS) is one of the most 
important and useful technologies developed for information 
and communication technology. Propagated wireless signals 
along the GPS link are affected by the ionospheric 
irregularities, therefore the GPS signals may experience 
ionospheric scintillation. In this study, GPS L-band 
amplitude scintillations observed at a low latitude station. 
Data from the Global Navigation Satellite System (GNSS) 
Ionospheric Scintillation and Total Electron Content (TEC) 
monitor (GISTM) receiver installed at the Space Science 
Centre (ANGKASA), Institute of Climate Change, 
UniversitiKebangsaan Malaysia, UKM (2.92°N, 101.78°E) 
were used for this study. Of the 460 scintillation (by 
neglecting S4<0.15) events recorded during February 2014, 
55% were weak (0.15≤S4<0.25), 32% were moderate 
(0.25≤S4<0.35) and 13% were strong (S4≥0.35). For February 
2014, the amplitude scintillations were most pronounced in 
the post-sunset time to pre-midnight time. Finally, these 
analysed data are used to study the variability of scintillation 
with solar activities. 
 
Key words:Amplitude scintillation, GISTM,GNSS, 
GPS,Low latitude 
 
1. INTRODUCTION 
 
The 24th solar cycle has begun in 2009 and is expected to 
complete in 2020 when the period of the Sun is least active 
[1]. The sunspots are the cold dark areas that appear in the 
solar photosphere [2]. The beginning of the solar cycle is the 
solar minimum or the least sunspots, while the middle of the 
solar cycle is the solar maximum with the most sunspots.  
The solar minimum fades back at the end of the cycle and the 
new cycle begins. Figure 1 illustrates the solar cycle in which  
 

 

 
the solar maximum is seen in 2014 and the solar minimum in 
2008 and 2020 occurred. 

 
Figure 1: Solar Cycle 24 sunspot number progression (NOAA, 

2020) 
 
Figure 2 shows the simulations of the sun where it indicates 
how movements inside the sun transform the shape and its 
magnetic field over an 11-year solar cycle. It starts with the 
solar minimum, the magnetic field of the sun is poloidal, like 
a bar magnet. Then, the movements in the sun will wind up 
the fields until they become toroidal. Next, kinks in the fields 
appear as sunspots, first at mid-latitudes. At solar maximum, 
sunspots are more common and closer to the equator. While 
the turbulent motion tears the sunspots apart, the meridional 
flow shifts the remnants to the poles. The remnants will then 
cancel the original poloidal field and build up in a new one. 
At the end of the day, the sun returns to solar minimum, but 
the polarity of its poloidal field is reversed. 
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Figure 2:11-year solar cycle transformation (C. Bickel, 2019) 

 
Solar maximum is a regular period of most significant solar 
activity in the 11 years of the solar cycle of the sun [3]. A 
large number of sunspots appear and the solar maximum and 
the sun’s irradiance output increases by about 0.07% [3]. 
Solar activity has a major impact on global scintillation 
activity, causing scintillation intensity and the incidence of 
scintillation during peak solar activity is significantly higher 
than during the minimum solar activity [4]. Scintillation is 
induced by electron density irregularities that can be 
categorized by rapid fluctuations in radio frequency signal 
amplitude and phase and is produced as a signal passes 
through irregular structures in the ionospheric layer [5], [6]. 
 
The ionosphere region divided into three areas, namely: the 
low latitude regions, middle-latitude regions and the high 
latitude regions [7]. [8]. Scintillation occurs most frequently 
in equatorial and high latitude regions and the intense effects 
are often observed in the equatorial region [6], [9]. 
Scintillation occurs mainly during local sunset and midnight 
where usually begins after 18:00 LT, increases in intensity 
until around 22:00 LT., and slowly decays throughout the 
night until local early morning hours [5], [6]. 
 
A study was conducted to observe scintillation in Guilin from 
July 2015 to June 2016 and it was found that the amplitude 
scintillations with S4≥0.2 occurred only in 15 days during 
this period where all the events took place from 19:00 LT to 
05:00 LT on the following day [10]. Observation was made 
on 5th April 2010 in Malaysia where strong scintillations 
occurred with S4≥0.4 and the highest value was observed at 
19:00 LT to 20:00 LT [11]. Another study in the Indian 
station Varanasi observed that the scintillation had a 
maximum percentage of occurrence during the pre-midnight 
periods [12]. Other than that, a study conducted over Sanya 
reported weak scintillation but no apparent total electron 
content (TEC) fluctuation was observed between 12:00 LT to 
18:00 LT [13]. It has been shown that scintillation in the 
equatorial region usually occurs after local sunset and before 
local sunrise. 

The effect of scintillation cannot be neglected and could lead 
to a significant degradation of the Global Navigation Satellite 
System (GNSS) which is a system that capable of 
determining the position of a satellite anytime and anywhere 
to receive satellite signal as a satellite-based navigation 
device [14], [15]. One of the GNSS is Global Positioning 
System (GPS)it is a network of orbiting satellites that 
transmit back to Earth information of their location in space 
[16]. The GPS signal is an electromagnetic wave generated 
by the energy oscillation from the GPS satellite. The GPS 
signal then propagates along space channel to the GPS user 
on Earth and this channel is called GPS link. The GPS signal 
strength decreases due to many factors that affect the quality 
of the signal depending on the length of the GPS link. This is 
mainly due to attenuation caused by geometric spreading and 
the attenuation in the troposphere and ionosphere layers [17]. 
 
The GPS has become a powerful instrument for monitoring 
amplitude scintillation (S4) and TEC with its multi-satellite 
advantage, as well as all-weather and all-time monitoring 
capability. A high sampling rate is needed to obtain 
scintillation data. Research was conducted using 20 Hz 
sampling rate to validate the S4 and the rate of change of 
total electron content (ROTI) [18]. According to the Nyquist 
Sampling theorem, ROTI derived from observations with 
higher sampling rates has a better ability to represent 
ionospheric scintillation because it can monitor small scale 
irregularities corresponding to the Fresnel scale [19]. 
 
The present study intends to focus on Malaysia as it is 
located in the equatorial region so that the GPS link 
ionospheric scintillation and availability for this location will 
be studied and addressed during solar maximum. This paper 
analyses the scintillation events of February of 2014 as 
reported by the Australian Government Bureau of 
Meteorology Space Weather Services, that during the 24th 
Solar Cycle, the period when the Sun is most active with 
146.1 sunspots. Besides, the relationship between amplitude 
scintillation and ROTI will be established in this paper. 
 
2. INSTRUMENTATION AND DATA COLLECTION  
 
The data used for this study were obtained in February 2014 
from Malaysian equatorial GNSS station, the Space Science 
Centre (ANGKASA), Institute of Climate Change, 
UniversitiKebangsaan Malaysia, UKM station (2.92°N, 
101.78°E), Selangor. The Global Navigation Satellite System 
(GNSS) Ionospheric Scintillation and Total Electron Content 
(TEC) monitor (GISTM) receiver experimental set-up 
consisted of GPS 702 L1/L2 antenna connected with 
GSV4004B receiver interfaced to a continuous data recording 
computer (refer Figure 3). The GSV4004B receiver has been 
specifically designed for ionospheric scintillation 
measurements on L1 band frequency (1575.42 MHz) and can 
track up to 11 GPS satellites transmitting for both L1 and L2 
band frequencies. It measures amplitude and phase (at the 50-
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Hz rate) of the scintillation and the code/carrier divergence 
(at the 1-Hz rate) for each satellite being tracked on L1 and 
computes TEC of the combined L1 and L2 pseudorange and 
carrier phase measurements. Several researchers used this 
receiver for ionospheric studies [7], [20]. 

 
Figure 3: Experimental setup 

First, for the climatology part of this study, 30° elevation 
masking will be used to cut off all non-ionospheric sources 
(e.g., multipath) from the scintillation data. The percentage of 
scintillation occurring on the basis of whether or not 
scintillation has been detected on a daily basis. The monthly 
percentage of the event was then calculated based on the 
number of days in the month in which the scintillations were 
recorded and the total number of days of observations in that 
month [21]. 
 
In this paper, the S4 index used to study the characteristics of 
the occurrence of ionospheric scintillations. The raw 
amplitude scintillation index, S4, is detrended (by 
normalization) with the measurements taken at a rate of 50 
Hz and then averaged over 60-s intervals [19]. The 
calculation of the S4 is performed at 1-min intervals, using 
signal power, via the following equation: 

ܵସ = ටܵସ௧ଶ − ܵସଶ 

where the amplitude scintillation recorded by the receiver has 
two parameters: total scintillation (S4t) and corrected 
scintillation (S4cor). The measured S4t recorded by the receiver 
could be cluttered by the inherent effects of ambient noise 
and multipath effects [22]. To improve this, the GSV4004B 
receiver also calculates the correction of the total S4t due to 
noise and multipath, which is then recorded as S4cor. 
 
During this period, the maximum S4 recorded (even one 
value), was used to categorize the strength (weak, moderate, 
strong) of scintillation as shown in Table 1 [23], [24]. 
 

Table 1: Classification criteria for amplitude scintillation 
Scintillation Strength S4 Scale 

Negligible S4< 0.15 

Weak 0.15 ≤ S4 < 0.25 

Moderate 0.25 ≤ S4 < 0.35 

Strong S4 ≥ 0.35 
 

Next, the other scintillation parameter that will be discussed 
in this paper is phase scintillation, where it is defined as the 
standard deviation of the carrier phase. Phase scintillation can 
be calculated as the following equation [25]: 
ఝߪ = ඥܧ(߮ଶ) −  ଶ(߮)ܧ
Where: σφ= Phase scintillation 
 φ = Carrier phase 
 E(φ) = Expectation of φ output by GISTM in the 
interval of 60 s. 
 
The TEC is identified as a measurement of the total number 
of electrons along a particular path that originates from the 
satellite and can be presented in the TEC Unit, which is one 
TECU=electron x 10-16. The TEC itself depends on the 
activity of the sunspot, seasonal, diurnal and spatial 
variations and the line of sight that includes knowledge of the 
satellite’s elevation and azimuth [26]. The TEC may be 
calculated as [18], [22], [27]: 
 
ܥܧܶ = 2( ଵ݂ ∙ ଶ݂)ଶ/݇൫ ଵ݂

ଶ − ଶ݂
ଶ൯× ଵܮ) ∙ ଵߣ − ଶܮ ∙  (ଶߣ

Where: F1 = 1575.42 MHz 
 F2 = 1227.60 MHz 
 L1 and L2 = The distance from the satellite to the receiver at 
f1 and f2 
 k = 40.3 
 
The rate of change of the total electron content (ROT), 
calculated from the differential carrier phase, may provide 
information on large scale electron density irregularities. 
While the ROT can be deterred as the equation below [22]: 
 
ܴܱܶ = ݐ)ܥܧܶ + −(ݐ∆  ܶ∆/(ݐ)ܥܧܶ

Where: TEC = Total electron content 
Δt = 60 seconds 
 
The TEC fluctuations are commonly characterized by the 
ROTI parameter, defined as the standard deviation of the 
ROT rate, calculated for each 1-min or 5-min time interval 
[20], [22]. It shall be calculated as follows: 
ܫܱܴܶ = ඥ〈ܴܱܶଶ〉 − 〈ܴܱܶ〉ଶ 
 
3.RESULTS AND DISCUSSION 
 
The total number of scintillation events for February 2014 is 
tabulated in Table 2. In the first week of February 2014, 
17.2% of the occurrence was recorded and the percentage of 
occurrence increased to 22.4% in the second week. 26.5% of 
the occurrence was recorded in the third week and 33.9% was 
recorded in the final week, which is the highest scintillation 
week in February. 
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Table 2: Scintillation events in February 2014 

Week Number of Events Percentage of Events 
1 79 17.2% 
2 103 22.4% 
3 122 26.5% 
4 156 33.9% 

 
Table 3 shows the total scintillation and percentage of 
occurrence based on the scintillation strength classification. 
The highest percentage of occurrences recorded at Week 4 
(21.8%) followed by Week 3 (17.2%) and Week 2 (2.9%) for 
strong scintillation. A slight difference can be seen in Week 1 
where there was no percentage occurrence recorded for 
strong scintillation. 
 

Table 3: Total scintillation and percentage of occurrence in 
February 2014 

Week 
S4 Percentage Occurrence 

Weak Moderate Strong Weak Moderate Strong 

1 49 30 0 62% 38.0% 0% 
2 70 30 3 68% 29.1% 2.9% 
3 75 26 21 61.5% 21.3% 17.2% 
4 61 61 34 39.1% 39.1% 21.8% 
 
Figure 3 exhibits the overall scintillation occurrence by 
percentage in February 2014. Figure 4 and Figure 5 
illustrates the amplitude and phase scintillation events, 
respectively. While Figure 6 shows the TEC variation and 
Figure 7 plotted for all ROTI during the scintillation events. 
Based on the graphical, all the data were plotted with their 
corresponding distributions over Universal Time Coordinated 
(UTC). 
 

 
Figure 3: February 2014 percentage occurrence of scintillation 

 

 
Figure 4: Time series of all S4 indexes computed each minute (each 

colour represents one day) 
 

 
Figure 5: Time series of all phase scintillation indexes computed 

each minute (each colour represents one day) 
 

 
Figure 6: Time variation of all TEC during the scintillation events 

(each colour represents one day) 
 

 
Figure 7: Time variation of all ROTI during the scintillation events 

(each colour represents one day) 
 
During the solar maximum period; focusing on February 
2014, the ionospheric scintillation S4 index was calculated 
from the collected data and analysed while considering one 
GPS satellites for each day. Table 2 presents the number of 
S4 events and the percentage of the occurrence. In February, 
there were 460 scintillations (by neglecting S4<0.15) of 
activity. Therefore, by using weekly-basis, we can to 
demonstrate the percentage of occurrence by their 
scintillation strength as tabulated in Table 3. The total data in 
Figure 3 shows that most of the samples recorded had weak 
amplitude scintillation, some had moderate amplitude 
scintillation and least had a strong amplitude scintillation. 
 

55%32%

13%

Weak Moderate Strong
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Referring to Figure 4, the highest amplitude scintillation 
recorded was less than 0.6. While for the phase scintillation 
(refer Figure 5) it can be seen that the events recorded will 
not be more than 0.15 rad. Scintillations over the UKM 
station were mainly distributed between 13:00 and 18:00 
UTC (2100 – 0200 LT) which means after the local sunset 
and before the local sunrise due to the equatorial 
irregularities that occurred at post-sunset. Besides, it can be 
seen that the scintillation activity peaks before local midnight 
(15:00 UT) and started to vanish around post-midnight 
(18:00 UT). Based on these results, it has been shown that 
the equatorial scintillation usually occurs during the post-
sunset until the post-midnight hours due to equatorial 
irregularities which are also known as plasma bubbles 
occurring in the F-region which can cause scintillation during 
nighttime [11], [28]. 
 
The variation of the TEC was plotted in Figure 6 and shows 
that the highest TEC recorded around 120 TECU, but some 
TEC noticed within the hours of 13:00 to 18:00 UTC (2100 – 
0200 LT). This is attributed to the fact that the electron 
density irregularities are usually formed after the local sunset 
terminator due to ionospheric scintillation. Figure 7 depicted 
the ROTI values where the highest ROTI value is about 3.2. 
It can be seen that the ROTI recorded occurred frequently 
during several scintillation events between 13:00 and 18:00 
UTC (2100 – 0200 LT).  
 
During the evening hours in the equatorial region, an 
enhanced eastward electric field (Prereversal Enhancement is 
known as PRE, in a zonal electric field) is being developed in 
the F-region [4]. The rapid loss of molecular ions by 
recombination after sunset results in a steep vertical plasma 
gradient at the bottom side of the F-region. Furthermore, this 
will cause the ionosphere to be unstable due to Rayleigh-
Taylor (RT) instability [28]. The relationship between the 
TEC depletion associated with the plasma bubbles and the 
corresponding scintillation intensity can be concluded. 
 
4.CONCLUSION 
 
This study elucidates the scintillations of the UKM station 
during maximum solar activity in February 2014. In the 
present work focusing on February 2014, out of 460 
scintillations (by neglecting S4<0.15) activities, 256 were 
weak, 148 were moderate and 59 were strong. Most of the 
scintillation events occurred during the crucial time between 
13:00 and 18:00 UTC (2100 – 0200 LT). However, in the 
local time post-midnight, the scintillation did not show any 
apparent variation. Overall, the scintillation appears to have a 
uniform pattern with the ROTI coefficient.  The results of 
this study may be used for; (i) developing understanding and 
knowledge on scintillation, specifically in the equatorial 
region. (ii) further investigation relating with an equatorial 
plasma bubble phenomenon. 
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