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Abstract:
The ionosphere displays a wide range of variations ranging from diurnal,
seasonal, latitudinal, longitudinal and solar cycle variations. A very important source
for long-term monitoring of the ionosphere is the critical frequencies of the
ionospheric layers. The variability of the ionosphere is most studied using the critical
frequency of the F2 layer (foF2). The aim of this research is to characterize the
variability of the F2 layer critical frequency (foF2 VR) at three equatorial and low
latitude stations, in three different longitudinal sectors (African, Asian and American
sector). The data used in this work are the hourly foF2 data observed at Dakar
(14.8°N, 17.4°W, dip 11.4°N) in the African sector, Vanimo (2.7°S, 141.3°E, dip
22.5°S) in the Asian sector, and Jicamarca (11.9°S, 76.8°W, dip 1.4°S) in the
American sector, during maximum phase of solar activity (MPSA), descending Phase
of solar activity (DPSA), minimum phase of solar activity (MnPSA) and ascending
phase of solar activity (APSA) years. The variability (VR) of the foF2 data were
analysed using statistical methods for all the solar phases considered at the three
longitudinal sectors. Results from the study revealed two characteristics asymmetric
peaks for all season within the range (6 - 35%) during pre-midnight hours and (13 -
58%) during post-midnight hours. Seasonally, highest post midnights peak values of
58% and 31% were recorded during March equinox at Vanimo and Jicamarca,
respectively, and 44% during December solstices at Dakar in MnPSA year (1986).
Annually, foF2 VR decreases with increasing levels of the solar activity. Highest foF2
VR values were recorded during MnPSA years. The highest values of post-midnight
peaks observed are 37%, 49%, and 28% at Dakar, Vanimo, and Jicamarca stations,
respectively, while the pre-midnight peaks values are, respectively, 25%, 27% and
18% for Dakar, Vanimo, and Jicamarca. On longitudinal sector basis, for the four
solar phases, foF2 VR was observed to be highest in the Asian longitudinal sector,
when compared with the African and American longitudinal sector during MnPSA
years.
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1. Introduction
The ionosphere which stretches from a height of about 60 km to more than 1,000

km is the region of the upper atmosphere where ions and electrons are present in
quantity sufficient to affect the propagation of radio waves. It owes its existence
primarily to ultraviolet radiation from the Sun. Ionization of the ionosphere depends
primarily on the Sun and its activity. The amount of ionization in the ionosphere
varies greatly with the amount of radiation received from the Sun. Thus there is a
diurnal (time of day), seasonal and annual effect. The activity of the Sun is associated
with the sunspot cycle; with more radiation occurring with more sunspots.The
ionosphere displays a wide range of variations ranging from diurnal, seasonal, annual,
latitudinal, longitudinal and solar cycle variation.

A very important source for long-term monitoring of the ionospheric variations is
the critical frequencies of the ionospheric layers. Critical frequencies are good
indicators of the cyclical and long-term changes in the ionosphere. They are also good
for studying short-term events. The variability of the ionosphere, especially on a day-
to-day (diurnal) basis has not been sufficiently studied according to [1]. Recent
studies by several authors have presented reports on the variability of ionospheric
parameters and these studies varies in terms of the specific ionospheric parameter (i.e.
critical frequency of the E-layer (FoE), Maximum electron density of the F2, layer
(NmF2), Critical frequency of the F2 layer (foF2), Critical frequency of the F1 layer
(foF1), Maximum useable frequency (MUF), Total electron content (TEC)…etc.), the
latitudinal location considered (High, mid, low and equatorial latitudes), the solar
cycle spread of the data used, the number of stations considered and the methodology
used to describe the ionospheric variability. A few of these studies for example
include those of [2] investigating Ionospheric foF2 variability over the Southeast
Asian sector using data from three ionosonde stations. They pointed out that the
observed variability is characterized by two peaks: a post-sunset peak (15 - 50%;
corresponding to 3 - 14 MHz for the mean foF2 values) and a post-midnight peak (18
- 68%; corresponding to 2 - 9 MHz for the mean foF2 values).

[3], reported that variability of the critical frequency of the F2 layer (foF2 VR) in
the equatorial region increases with decreasing solar activity and has two peaks; post-
sunset peak in the range (12-50%) and post-midnight peak (22-70%). [4], studied the
variability of equatorial ionospheric electron density at fixed height below the F2 peak
and concluded that VR increases with height in the F2 layer. [5], worked on the
climatology of the equatorial ionosphere for different solar phases and submitted that
it is possible using a large database to bring up significant characteristics of the
diurnal variation of F2 layer critical frequency. [6], reported that all the important
ionospheric parameters (i.e. foF2, hmF2, NmF2) showed higher deviation either at
mid latitudes or at low latitudes than at high latitudes. [7], pointed out that the
ionosphere exhibits a lot of variations and greater coefficient of variability (CV) in the
neighbourhood of the equator than at other latitudes. [8], reported that seasonal peaks
in foF2 VR are suspected to be controlled by the enhanced E × B drifts and
atmospheric wind. They reported that nighttime variability (13 - 27%) is higher than
daytime variability (5 -16%).
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Studies in the equatorial and low latitude region most especially across different
longitudinal sectors are still inadequate. And since the ionospheric F2 layer is the
most efficient layer for long distance high frequency (HF) radio communication, a
better understanding and interpretation of the variability of this layer critical
frequency in the African, Asian and American sectors will be of great assistance to
radio communication experts/ radio scientist and useful for International Reference
Ionosphere (IRI) model application. This work tends to fill this gap by characterizing
the variability of the critical frequency of the F2 layer (foF2 VR) at different
longitudinal sectors of the equatorial and low latitudes ionosphere where such studies
have not received sufficient attention. Therefore, the aim of this research is to
characterize the variability of the F2 layer critical frequency (foF2 VR) at three
equatorial and low latitude stations, in three different longitudinal sectors (i.e. African,
Asian and American sector).

2. Materials and Methods
The ionosonde data used in this research are hourly foF2 values from three

equatorial and low latitude stations viz: Dakar (DKA) in the African sector, Vanimo
(VAN) in the Asian sector and Jicamarca (JIC) in the American sector. These stations
geographical coordinates and locations are shown in Table 1.

Table 1. Stations geographical coordinates and locations.

Sector Station Geographic latitude Geographic longitude Location
African Dakar 14.8ºN 17.4ºW Senegal
Asian Vanimo 2.7ºS 141.3ºE Paupou, New Guinea

American Jicamarca 11.9°S 76.8°W Peru

The automatically scaled data at 95% confidence level with an accuracy of ±0.3
MHz were obtained from Space Physics Interactive Data Resource (SPIDR) website
(http://spidr.ionosonde.net/) last access Marc 2017. The data covers years of
maximum solar phase (high solar activity HSA), descending solar phase and
ascending solar phase (moderate solar activity (MSA) and minimum solar phase (low
solar activity LSA).Twelve months running average sunspot number (Rz12) also
obtained from SPIDR (http://spidr.ionosonde.net/) had been used as solar proxy to
define the solar activity level of the years under consideration. See Table 2 below:

Table 2. Level of solar activity defined by sunspot number (Rz12).

Solar Epochs Sunspot Grouping Year Sunspot Number

HAS Rz12> 100

1980 154.7
1981 140.5
1982 116.3
1989 157.8
1990 142.3
2001 110.9
2002 104.1

MSA 100 ≥ Rz12 ≥ 20

1983 66.6
1984 45.9
1987 29.2
1988 100
2003 63.6
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2004 40.4
2005 29.8
2011 55.6

LSA Rz12< 20

1985 17.9
1986 13.4
2006 15.2
2007 7.5
2008 2.9
2009 3.1
2010 16.5

The data period is from 1980 to 1990 (for Dakar and Vanimo) and from 2001 to
2011 (for Jicamarca). The processed data within solar cycle 21/22 and 23/24
considered in this work, were grouped into four phases of solar activity or cycles as
shown in Table 3 adopting the criteria used by [5] for classifying solar cycle phase.
That is minimum phase of solar activity (MnPSA): Rz12< 20; ascending phase of
solar activity (APSA): 20 ≤ Rz12≤ 100; maximum phase of solar activity (MPSA):
Rz12> 100; and descending phase of solar activity (DPSA): 100 ≥ Rz12 ≥ 20; where
Rz12 is the twelve months running average Zurich sunspot number. In this research
work solar cycle phase activities were analysed for the three stations by selecting a
representative year with highest availability of continuous data from each phase since
years under each phase has similar behaviour.

Table 3. Grouping of solar cycle phase using sunspot number (Rz) as solar proxy.

Phases of solar
Cycle

Minimum
Rz12< 20

Ascending
20 ≤ Rz12≤ 100

Maximum
Rz12> 100

Descending
100 ≥ Rz12 ≥

20

21/22 1985 and 1986 1984 and 1987 1980, 1981, 1982,
1989 and 1990 1983 and 1988

23/24 2006, 2007, 2008,
2009 and 2010 2004 and 2005 2001and 2002 2003 and 2011

by [5] for classifying solar cycle phase. That is minimum phase of solar activity
(MnPSA): Rz12< 20; ascending phase of solar activity (APSA): 20 ≤ Rz12≤ 100;
maximum phase of solar activity (MPSA): Rz12> 100; and descending phase of solar
activity (DPSA): 100 ≥ Rz12 ≥ 20; where Rz12 is the twelve months running average
Zurich sunspot number. In this research work solar cycle phase activities were
analysed for the three stations by selecting a representative year with highest
availability of continuous data from each phase since years under each phase has
similar behaviour.

So for the African and Asian sector stations, 1983, 1984, 1986 and 1989 were use,
respectively, for MPSA, DPSA, MnPSA and APSA year for each station. Similaly,
for the American sector stations 2001, 2003, 2005 and 2006 were used for each solar
phase analysis.

The monthly mean hourly foF2 values were obtained for all the months by
averaging the hourly values of all the days of a month. This was done for all the years
considered using the statistical relation given by equation 1:

� � �
� � � �

� ��� (1)
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Standard deviation of the monthly mean foF2 values were also obtained using
equation 2:

� � ��ᵦ����
�

(2)

where x is hourly foF2 value and N is the total number of data set counts for each of
the hour in a month.

Relative variability VR of ionospheric characteristics defined as the quotient of
standard deviation and the mean value was obtained using equation 3 [9, 10, 11].

�� � � σ
�
� �㐹㐹 (3)

Equation three method of computing the variability has the advantage of using the
entire data set in the computation unlike other methods of evaluating variability that
ignores some percentage of the data set. Details of other methods have been described
by [12,13,14].

For seasonal analysis, the data for each year were grouped into four different
seasons on a three-month basis as shown in Table 4:

Table 4. Grouping of different season.

SEASONS MONTHS
Decemer Solstice November, December and January
March Equinox February, March and April
June Solstice May, June and July

September Equinox August, September and October

The average of the monthly means (µ) of the foF2 values for the three months that
make up the season and their corresponding standard deviations (σ) were used.
Seasonal variations were investigated by plotting the seasonal foF2 VR against local
time (LT) in hour. This was done for all the solar cycle phases.

For the annual analysis, the annual averages (µ) of the foF2 values for the years
under consideration and their corresponding standard deviations (σ) were used.
Annual variations of foF2VR were investigated by plotting the annual foF2 VR
against the local time in hour. This was done also for all the solar cycle phases.

3. Results and Discussion
Figures 1(a) – (c) show the diurnal variations of foF2 VR values evaluated using

equation 3 and plotted against local time (LT) over (a) Dakar (b) Vanimo and (c)
Jicamarca for all seasons during maximum phase of solar activity (MPSA). Generally,
all the plots in Figures 1(a) – (c) reveal the same diurnal features during the entire
seasons that is foF2 VR is observed to be high during nighttime (18:00 - 05:00 LT)
and low during the daytime (06:00 - 18:00 LT) with two characteristics asymmetric
peaks (post-midnight peak and Pre-midnight peak). All the plots also show similar
pattern, however, in Vanimo station, a noticeable difference in foF2 variability pattern
was observed when compared with the patterns observed at the other two stations.
This may be ascribed to the fact that Vanimo is located latitudinally (Lat 2.7 oS) in
the southern hemisphere below the crest of equatorial anomaly (Appleton anomaly)
[15,16]. More so, it is longitudinal located in the Far East (Long 141.3oE) of the
Greenwich meridian (GM).
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Figure 1. Diurnal variation of equatorial foF2 Relative Variability VR for all season during years
of maximum Phase of Solar Activity (MPSA) for (a) Dakar (1989) (b) Vanimo (1989) (c)

Jicamarca (2001).

During the daytime (0600 – 1800 LT), the variability VR was observed to be lowest
about (5 - 13%) at Dakar, (5 – 15%) at Vanimo and Jicamarca. At nighttime (18:00 –
05:00 LT), the variability had increased to about (13 - 33%) at Dakar, (15 – 32%) at
Jicamarca, and (15 – 28%) at Vanimo. The daytime and nighttime disparity according
to [9] is partly due to the lower mean value at night, which resulted in a higher
variability percentage during the night when equation 3 was applied. [17] explained
the observed increase in the foF2 VR with decreasing solar activity in terms of low
reference value and ion loss. This is because at night, the ionospheric electron density
is dependent on the recombination rate, which is influenced by the gas compositions
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and the magnetic meridional winds. In addition, the source of the observed diurnal
variations in foF2 could be attributed to ambipolar diffusion and enhanced eastward
equatorial electric fields (EEF) [17,18,19,20,].

The plots are characterized by two peaks (post - midnight and pre-midnight peaks).
The Post-midnight peak with magnitude range of about (19 - 33%), (23 – 28%), and
(22 – 32%), respectively, at Dakar, Vanimo, and Jicamarca were observed between
00:00 and 05:00 LT for all seasons. The second peak (the pre-midnight peak) with
values ranging (6 - 19%), (7 – 13%), and (12 – 22%) were observed between 18:00
and 23:00 LT at Dakar, Vanimo, and Jicamarca, respectively, for all seasons.

The two foF2 variability peaks observed are attributed to sudden electron density
gradients triggered by the onset and turn-off of solar ionization, as well as the
superimposition of equatorial spread-F (ESF) on the background electron density [17,
2, 8]. In addition, the vertical E x B plasma drift is also responsible for these observed
peaks [21, 22, 23, 24]. In the equatorial region the electric field E in conjunction with
the earth’s magnetic field B produces the E×B force that causes vertical drift of
ionization. The direction of E×B force is upward during the daytime and downward
during the nighttime, hence there is upward drift of plasma during the day time and
downward drift of plasma during nighttime. Investigations have revealed that the
vertical drift velocity depends on season and phase of solar cycle [25,26].

Under Seasonal scale, during MPSA year (1989 and 2001), post-midnight peak
highest value of 33% was observed during December solstice at Dakar, 32% during
March equinox at Jicamarca and 28% at Vanimo during June solstice. For the second
peak (pre-midnight peak) the highest value of 18% was observed during June solstice
at Dakar, 23% was observed during December solstice at Jicamarca, and 13% during
March equinox at Vanimo.

On longitudinal sector to sector comparison, the highest post-midnight peaks were
recorded during December solstice at Dakar (33%) in the African longitudinal sector
and Jicamarca (32%) during March equinox) in the American longitudinal sector.
This is followed by Vanimo (28%) during June solstice in the Asian longitudinal
sector during MPSA year.
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Figure 2 (a) – (c). Diurnal variation of equatorial foF2 Relative Variability VR for all season
during a years of Descending Phase of Solar Activity (DPSA) for (a) Dakar (1983) (b) Vanimo

(1983) (c) Jicamarca (2003).

During DPSA year (1983 and 2003) depicted in Figure 2 (a) – (c) above, foF2 VR
during the day time (06:00 – 18:00 LT) was lowest about (7 – 18%) at Dakar, (5 –
12%) at Vanimo, and (6 -16 %) at Jicamarca for all seasons. At nighttime (18:00 –
05:00 LT), the variability had increased to about (18 - 43%) at Dakar, (12 – 42%) at
Vanimo, and (16 – 32%) at Jicamarca. During the DPSA period, the first peak (Post-
midnight peak) with magnitude range of about (24 - 43%), (25 – 42%), and (22 –
32%), respectively, at Dakar, Vanimo, and Jicamarca were observed between 04:00
and 07:00 LT for all seasons. The second peak (the pre-midnight peak) with values
ranging from (13 - 33%), (16 – 23%), and (13 – 21%) were observed between 18:00
and 23:00 LT at Dakar, Vanimo, and Jicamarca, respectively, for all seasons.

Under Seasonal scale, there is appreciable consistency in foF2 VR during the day
time and nighttime at all the stations. During DPSA year, Figure 2 (a) – (c) , the
highest post-midnight peaks values of 44% occurred during December solstice at
Dakar, 40% during June solstice at Vanimo, and 32% during September equinox at
Jicamarca. The lowest post-midnight peak value of 25%, was observed during June
solstice at Dakar, 28% and 22% were observed during September equinox and
December solstice at Vanimo and Jicamarca, respectively. Thus, the highest value of
this peak was recorded in Dakar (44%) in the African longitudinal sector during
December solstice, followed by 40% during June solstice at Vanimo in the Asian
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longitudinal sector, while the lowest post-midnight peak value of 32% was recorded
in September equinox at Jicamarca in the American longitudinal sector.

From Figure 3 (a) – (c) below, in MnPSA year (1986 and 2006), during the daytime
(0600 – 1800 LT) the variability VR was observed to be lowest about (7 - 13%) each
at Dakar, and Jicamarca and (8 – 20%) at Vanimo. At nighttime (18:00 – 05:00 LT),
the variability range had increased to about (13 - 45%) at Dakar, (20 – 58%) at
Vanimo, and (13 – 31%) at Jicamarca, for all seasons. The plots are typified by two
asymmetric peaks, the Post-midnight peak with a magnitude range of about (23 -
45%), (40 – 58%), and (18 – 31%), respectively, at Dakar, Vanimo, and Jicamarca,
were observed between 03:00 and 06:00 LT for all seasons. The second peak (the pre-
midnight peak) with a value range of about (16 - 33%), (21 – 39%), and (15 – 20%)
were observed between 18:00 and 23:00 LT at Dakar, Vanimo, and Jicamarca,
respectively, for all seasons.

Seasonally, from Figure 3(a) – (c) the highest post-midnight peak values of 44%
was seen during December solstice at Dakar, 58% and 31% during March equinox at
Vanimo and Jicamarca, respectively, during MnPSA year. The lowest post-midnight
peak values of 23%, was observed during June solstice at Dakar, 16% during
December solstice at Jicamarca and 40% at Vanimo during September equinox in the
MnPSA year. Therefore, the highest post-midnight peak (58%) was recorded during
March equinox at Vanimo in the Asian longitudinal sector, followed by 44% during
December solstice at Dakar in the African longitudinal sector while the least post-
midnight peak value of 31% was observed during March equinox at Jicamarca in the
American longitudinal sector during MnPSA year.
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Figure 3 (a) – (c). Diurnal variation of equatorial foF2 Relative Variability VR for all season
during a year of Minimum Phase of Solar Activity (MnPSA) for (a) Dakar (1986) (b) Vanimo

(1986) (c) Jicamarca (2006).

From Figure 4 (a) – (c), during APSA year (1984 and 2005), the observed foF2 VR
during the daytime (06:00 – 18:00 LT) ranges from (7 – 13%) at Dakar, (5 – 16%) at
Vanimo, and (6 -14 %) at Jicamarca for all season. At nighttime (18:00 – 05:00 LT),
the variability had amplified to about (13 - 48%) at Dakar, (16 – 48%) at Vanimo, and
(14 – 31%) at Jicamarca, for all the seasons.
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Figure 4 (a) – (c). Diurnal variation of equatorial foF2 Relative Variability VR for all season
during years of Ascending Phase of Solar Activity (APSA) for (a) Dakar (1984) (b) Vanimo (1984)

(c) Jicamarca (2005).

As mentioned earlier the plots show two asymmetric peaks, the first peak (Post-
midnight peak) with a magnitude range of about (24 - 48%), (28 – 48%), and (22 –
31%) at Dakar, Vanimo, and Jicamarca, respectively, were observed between 03:00
and 06:00 LT for all seasons. The second peak (the pre-midnight peak) with values
ranging from (14 - 29%), (18 – 33%), and (12 – 23%) were observed between 18:00
and 23:00 LT at Dakar, Vanimo, and Jicamarca, respectively, for all seasons. In all the
solar cycle phases, the post-midnight peaks are greater than the pre-midnight peaks
due to slow rate of recombination of electrons with the neutral species.

In APSA year Figure 4 (a) – (c), the highest pre-midnight peak values of 28%, and
32% were recorded respectively, at Dakar, and Vanimo during June solstice, 23%
during December solstice at Jicamarca. The lowest pre-midnight peak values of 16%,
was observed during December solstice at Dakar, 19% and 13% during March
equinox at Vanimo and Jicamarca, respectively, in APSA year. Thus the highest pre-
midnight peak values of 32% was recorded during June solstice at Vanimo in the
Asian longitudinal sector, followed by 28% during June solstice at Dakar in the
African longitudinal sector while the least pre-midnight peak value of 23% was
observed during December solstice at Jicamarca in the American longitudinal sector.

Presented in Figure 5 a) - (c) is the diurnal plots of foF2 VR derived from annual
means for Dakar, Vanimo, and Jicamarca stations during MPSA, DPSA, MnPSA and
APSA years. The plots show consistent features during the day with little or no
difference in foF2 VR during DPSA and APSA years during the day time at all the
stations. From Figure 5(a) – (c), it was observed that the variability was higher in the
night-time (16 - 50%) than the daytime (5 - 16%). This is because at night, the
ionospheric electron density is dependent on the recombination rate, which is
influenced by the gas compositions [17] and equatorial electric field (EEF) [27, 28,
29], At the equator, EEF causes vertical E × B plasma drift enhancement to altitude
above F2-peak where recombination/loss rate is very slow. The EEF is caused by the
tidal winds in the E region, which drive ionospheric currents to higher latitudes. This
current in turn interacts with the Earth’s magnetic field and results in a building up of
positive and negative changes at the sunrise and sunset terminal, respectively.
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Figure 5 (a) – (c). Diurnal variation of equatorial foF2 relative variability VR, obtained from
annual mean of foF2 values for all season during MPSA years (1989 & 2001), DPSA years (1983
& 2003), MnPSA years (1986 & 2006) and APSA years (1984 & 2005) for (a) Dakar (DKA) (b)

Vanimo (VAN) (c) Jicamarca (JIC).

Gravity waves had also been suggested to be another factor that could be
responsible for the nighttime ionospheric density gradient enhancement. All the above
are the reasons for the observed higher variability in foF2 at night-time than during
daytime. However, observations from the plots show similar solar cycle phase
patterns for all the stations i.e. highest values occurring during MnPSA years (1983
and 2003), and lowest value during MPSA years (1989 and 2001) indicating that foF2
VR increases clearly as the solar activity decreases. This is comprehensible due to the
high solar flux during MPSA that give rise to consistently high foF2 values, which
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give rise to small deviations from their mean foF2 values) as opposed to larger
deviations from their mean foF2 values during MnPSA years using equation 3 [9,3].

The highest values of the post-midnight peaks from Figure 5 (a) – (c) are 37%, 49%,
and 28% at Dakar, Vanimo, and Jicamarca respectively, while the pre-midnight peaks
are, respectively, 25%, 27%, and 18% for Dakar, Vanimo, and Jicamarca during
MnPSA year. Figure 5 (a) – (c) clearly revealed that relative variability foF2 was
highest in the Asian longitudinal sector, followed by the African longitudinal sector
and least in the American longitudinal sector. These results for longitudinal sector
basis are in agreement with the results reported by [30,31,32]. In their work [30],
reported that the African longitudinal sector recorded higher VTEC values than the
American longitudinal sector while [31,32], concluded that ionospheric plasma
bubbles are more dominant in the African longitude than the American longitude
during June solstice and equinoxes, and that during the December solstice, this trend
reverses.

4. Conclusions
This paper presents the diurnal, seasonal, solar activity and longitudinal effects on

the ionospheric foF2 variability over African, Asian and American longitudinal
sectors. Three ionosonde stations, namely, Dakar (14.8°N, 17.4°W, dip 11.4°N),
Vanimo (2.7°S, 141.3°E, dip 22.5°S), and Jicamarca (11.9°S, 76.8°W, dip 1.4°S),
were used in the investigation. The diurnal analysis revealed that the ionospheric foF2
VR is more open to variability during the night-time than the day-time. Night-time
foF2 VR showed two characteristics peaks for all season within the range (6 - 35%)
during pre-midnight hours and (13 - 58%) during post-midnight hours. In all the years
considered post-midnight peaks are higher than pre-midnight peaks. Seasonally,
highest post-midnights peak values of 58% and 31% were recorded during March
equinox at Vanimo and Jicamarca, respectively, in MnPSA year (1986 and 2006) and
44% during December solstices at Dakar, in the same year. However, for season to
season comparison, the trend of foF2 VR maximum do not follow any common
pattern for any level of solar phases. In other words, no particular season has a regular
leading edge over others for all the four phases of solar activity years considered.

Under solar cycle effect (annual analysis), in all the stations considered, foF2 VR
decreases with increasing levels of the solar activity. Highest foF2 VR values were
recorded during MnPSA year. The highest values of the post-midnight peaks from
Figure 5(a) – (c) are 37%, 49%, and 28% at Dakar, Vanimo, and Jicamarca,
respectively, while the pre-midnight peaks values are, respectively, 25%, 27%, and
18% for Dakar, Vanimo, and Jicamarca during MnPSA year.

On longitudinal sector basis, foF2 VR were observed to be highest in the Asian
sector, followed by the African sector and least in the American sector. The above
results compare reasonable well with the results of researchers earlier mentioned.
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