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Abstract

Solar quiet (Sq) current originate from the E-region of ionosphere due to the wind that blow across the
layer of this region. The strength of this current is observed on the earth environment through the SqH
measure from geomagnetic observatories at Addis Abba (AAE), Eskladimur (ESK), Hartebeesthoek
(HBK), Hermanus (HER), Mbour (MBO), Sodanklya (SOD) and Tamaraset (TAM) are analyzed. It was
observed that the SqH is at peak during the daytime which is much amplified at AAE, MBO and TAM.
The decrease in SqH of the geomagnetic field reveals the decline in the eastward equatorial electrojet
concentration, which is due to westward flow of the current at ESK, SOD, HBK and HER. In the present
study, we applied wavelet spectrum to analyse the SqH variation. The power concentration ranges
between 512–1024 min bands, depicting strong signal for SqH. When the power declines considerably in
the band, it stipulate that SqH is low which signifies low coefficient and when the power is highest it
stipulates high coefficient of SqH
Keywords: Solar quiet current, horizontal component, geomagnetic field, Ionosphere.

INTRODUCTION
Chapman and Bartels (1940) refer to the Sq variations as the electric current system moving
around the ionospheric E-layer between 90km and 150km. Several studies have also proved the
existence and the origination of Sq current using different approach (Forbes, 1981; Stening, 2011;
Bolaji et al. 2016; Falayi et al. 2018). However, there is need to understand the time to time and
day to day variation of the Sq current in order to know the transient and secular variation of the
ionosphere for proper understanding of the solar activity. The wavelet analysis is a
mathematical tool use in place of Fourier transformation to analyse a transient signals. Falayi et
al. (2018) examined both Sq H and Sq Z variation using wavelet transformation analysis. Their
result was able to reveal that solar quiet (Sq) variations are associated to the influence of
equatorwards penetration of electric fields from the field-aligned current, Earth conductivity,
effect of the ocean and ionospheric conductivity. Another related study of Falayi et al. (2017),
investigated the influence of coronal mass ejection on geomagnetic field of H, Z, and
*Author for Correspondence
Ajose, A.S, Falayi, E.O, DUJOPAS 5(1a): 85-93, 2019

85

Analysis of Solar Quiet Horizontal Variation Using Wavelet Analysis During Year 2012

electromagnetic induction during geomagnetic storms using wavelet power spectrum for the
analysis. Adhikari et al. (2017) analysed geomagnetic storms using wavelet transform. It was
noticed that the enhancement of wavelet coefficient of the interplanetary magnetic field (Bz) has
better correlation with both shock arrival and sheath region. Mendes et al. (2004) have also
proved the usefulness of wavelet analysis in their study which was use to examine the
singularity detection related to magnetic storm from magnetograms in which the H component
of the geomagnetic field are obviously noticed by wavelet coefficients recognizing the
turbulence interval connected to geomagnetic disturbances.
The present study examines the variation of Sq of horizontal geomagnetic field component H at
different latitudes, in order to understand the variation occurring at different locations with
time. The wavelet analysis approach is also used to identify the Sq H variation from selected
stations.
METHODS
The data set for this study is obtained from seven stations in International Real Time Magnetic
observatory Network (INTERMAGNET, http://www.intermagnet.org/) across the globe.
These stations are shown in Table 1 with their geographic and geomagnetic latitudes and
longitudes.
Table 1: geographic (GG) and geomagnetic (GM) locations of the selected stations
Stations
ABBREVIATION
GGLat. (No)
GGLon. (Eo)
GMLat. (No)
Hermanus
HER
-34.42
19.23
-42.90
Hartebeeshoeck
HBK
-25.88
27.71
-36.31
Addis Abba
AAE
9.04
38.77
0.18
Mbour
MBO
14.39
343.04
-2.06
Tamaraset
TAM
22.79
5.53
9.22
Eskladimur
ESK
55.32
356.79
52.89
Sodanklya
SOD
67.37
26.63
69.78

GMLon. (Eo)
82.15
94.72
110.47
58.24
78.37
77.76
272.23

The data set is of Five International Quiet Days (IQD) during year 2012, a year of solar
minimum, recorded at intervals of one minute measure. The H component of geomagnetic field
is obtained from Eq. 1 (Falayi et al., 2016).

H = X 2 +Y 2
(1)
The computation is done for each selected five quiet days in a month. An average of the five
days is calculated to represent quietest day in a month across the year.
Hourly variation of Sq H
In carrying out the hourly variation analyses of Sq H
, the baseline value is used to
determine the mean of the horizontal component H at the nighttime hour (01:00 - 24:00 LT)
value of the geomagnetic field. The Eq. (2) shows how the base line value is calculated
H o = ( H 1 + H 2 + H 23 + H 24 ) / 4
(2)
where Ho is the baseline quiet level value (Rabiu et al., 2017). The hourly departure ΔH is obtain
by deducting baseline value from the horizontal component (Ht) as expressed in Eq. 3 (Honore
et al., 2017, Obiekezie et al., 2013).
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H = H t − H o

(3)

The
is determine for all months in year 2012 for each station and the values for the sqH are
analysed using contour plot to reveal the variations of Sq H for the selected station (see Figure
1(a-g)).
(a)

(c )
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(e)

(f)

(g)

Figure 1(a-g): Hourly variation of Sq H for a) HER b) HBK c) AAE d) Mbo e) TAM f) ESK g) SOD

Wavelet power spectrum of Sq H
The wavelet analysis of the variation in the time series of the Sq H measure is carried out to see
the power within the time series. Wavelet transformation can be employed in different fields of
study such as geophysics, meteorology, astronomy, acoustics, data compression and nuclear
engineering. It establishes the dominant mode of changeability and the mode differ with time.
The mathematically equation for mother wavelet is given in Eq. (4).

 o (t ) = 

−1

4

exp(iwo t ) exp( − t

2

2

)

(4)

where t indicates time and wo show wave number (Torrence and Compo,1998). The analysis
make it easier to describe the variance of SqH and time series of the dynamic system power at
many different frequencies to reveal the changes in the ionospheric current resulting in each
variation (Sunkara and Tiwari 2016,). The analysis is based on the result of wavelet power
spectrum (WPS), global wavelet spectrum (GWS) at 5% significance level and scale-average
time series at 95% confidence level, which are obtain from the SqH observatory measure for
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each station. Figures 2 (a-d) through 8 (a-d) depicts the wavelet analysis of Sq H for the selected
stations during the year 2012.

Figure 2a-2d (a) SqH variation of HER for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at HER is 95%
represented with dotted lines.

Figure 3a-3d (a) SqH variation of HBK for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at HBK is 95%
represented with dotted lines.

Fig. 4a-4d (a) SqH variation of AAE for the year 2012 (b) depicts the power spectrum wavelet of SqH (c) represents
the global wavelet spectrum (d) shows plot of average variance against time in months. The confidence level of SqH
at AAE is 95% represented with dotted lines.
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Fig 5a-5d (a) SqH variation of MBO for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at MBO is 95%
represented with dotted lines.

Figure 6a-6d (a) SqH variation of TAM for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at TAM is 95%
represented with dotted lines.

.
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Figure 7a-7d (a) SqH variation of ESK for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at ESK is 95%
represented with dotted lines.

Figure 8a-8d (a) SqH variation of SOD for the year 2012 (b) depicts the WPS of SqH (c) represents the global wavelet
spectrum (d) shows plot of average variance against time in months. The confidence level of SqH at SOD is 95%
represented with dotted lines.

DISCUSSION OF THE RESULTS
The results gave different interpretations according to the geographical location of the station as
represented in the plots. Figure 1a depicts the enhancement of SqH which was observed
between the hours of 7:00LT and 10:00LT, with the value of 20nT. There is decrease in SqH
between the hour of 12:00 and 14:00 LT, reaching minimum across the month at HER. The
counter electrojet is seen to be stronger than EEJ at HER. The same pattern of Sq H variation
was noticed at HBK, the counter electrojet (CEJ) which is experienced between the hours of
12:00 LT and 14:00 LT across the months ( See Figure 1b). Figures 1c and 1d reveals high value
of Sq H at AAE and MBO between 8:00 -11:00 LT and 11:00 -12:00 LT respectively across the
months. The peak value of Sq H are 120 nT and 90 nT observed at Addis Ababa and MBO
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respectively. Figure 1e reveal an eastward wind current with maximum Sq H value of 60nT
between 12:00 LT to 0014 LT hour at TAM. Figure 1(c-e) shows high positive value of SqH
variation throughout the daytime. This might be ascribed to equatorial electrojet current closer
to the geomagnetic equator, which is generated from eastward ionospheric wind flow of the
current. At ESK and SOD, counter electrojet current was observed between the hours of 9:00 LT
and 14:00 LT (see Figure 1f and 1 g). Decrease in SqH of the geomagnetic field reveals the
decline in the eastward equatorial electrojet concentration, which is due to westward flow of the
current. These morning and evening decreases away from the base level in SqH variation are
outcome of weaker EEJ. This weaker EEJ was noticed by Gouin and Mayaud (1967) and called
CEJ. The wavelet analysis used in this study produces unprejudiced and steady evaluation of
WPS. Also, the method identifies the time series variability. This periodicity appears as a
dominant and persistent feature in the wavelet amplitude spectra. The colour bars range from
blue to red which implies a low power to high power respectively. Figure 2 to 8 display the
wavelet spectral analysis of the signal of SqH at HER, HBK, AAE, MBO, TAM, ESK and SOD.
Figures 2a-8a shows the real fluctuation of the HER, HBK, AAE, MBO, TAM, ESK and SOD
time series. Figure (2b-8b) display the WPS for the Sq H for seven different stations. This shows
the same pattern with more concentration of power between 256–1024 min bands, these
demonstrate powerful signal of SqH. The global wavelet spectrums (GWS) are shown in Figure
(2c-8c), to examine the prevailing phase of the signal of the SqH data for the stations. The
Figures 2c-8c exhibits enhanced peak above the confidence level of 95% for the GWS, which
stand for the red dotted lines. Figure (2d-8d) shows the scale-average time series of the average
variance in 256–512 min band. The power variance in 256–1024 min band (see Fig. 2d-8d) also
demonstrates the high and low Sq H. When the power declines considerably in the band, it
stipulates that SqH is low which signifies low coefficient and when the power is highest it
stipulates high coefficient of SqH. The wavelet power spectrum make known the differences
and assist to recognize important frequency signals within the series, which is helpful to
establish the Sq H zones within a region. The wavelets demonstrate an adequate localization in
both time and frequency.
CONCLUSION
The Sq currents have been analyzed using the horizontal component H data of quiet days
during year 2012 obtained from seven station across the globe. The study was able to reveal the
behavior of ionosphere which is the source of Sq current. It was noted that the SqH is amplified
at AAE, MBO and TAM during the daytime. The result shows decrease in the eastward
equatorial electrojet intensity confirming a westward electrojet current flow at ESK, SOD, HBK
and HER. The power concentration ranges between 256–1024 min bands. This shows that the
time series has a strong signal of SqH. When the power declines considerably in the band, it
stipulate that SqH is low which signifies low coefficient and when the power is highest it
stipulates high coefficient of SqH
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