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Abstract

This paper presents the earth’s magnetic field variations on quiet days using
data from 2011 to 2014 provided by the AMBER station located at the Univer-
sity of Yaoundé 1 (Cameroon), whose geographic and geomagnetic coordi-
nates are respectively: (3.87°N, 11.52°E) and (5.8°S, 83.1°E). The variability of
the H horizontal component of the Earth’s magnetic field was examined using
the North (X) and East (Y) components of the earth’s magnetic field. The H
component is then used to calculate and analyze the diurnal, monthly and
seasonal Solar quiet variations Sq (H) observed in Yaoundé-Cameroon during
quiet magnetic days. The results obtained show that the Sq (H) variations are
seasonal. e.g., in Spring the Sq (H) amplitude (~72 nT) is larger than that of
Autumn (~69 nT). The maximum values of Sq (H) vary from 48.8 nT to 57.12
nT in summer and from 41 nT to 60 nT in winter from the years 2011 to 2014.
In general, these maximum values are observed around 12:00 and 13:00 in lo-
cal time. These results show that the morphology of Sq (H) in Yaoundé is
presented as a function of seasons. Moreover, the Sq (H) values are negative
during morning hours (01:00 - 06:00) and afternoon hours (18:00 - 24:00) in
local time throughout all months and all seasons. This significant negative
excursion of Sq (H) in Yaoundé during the night time might be due to other
physical processes such as storms or thunderclouds or to the existence of a
strong induced current in Yaoundé which can affect the ground-based in-
struments. By referring to the solar cycle 24, our results show that the Sq (H)
amplitude varies with the solar activity. The aim of this work is to analyze the
diurnal, monthly and seasonal variations of Sq (H) observed in Yaoundé from
2011 to 2014.
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1. Introduction

The existence of the regular diurnal variation of the earth’s magnetic field had
been discovered in 1722 by Graham. In 1882, [1] was the first to propose that,
atmospheric motions are the sources of ionospheric electric currents which
cause the regular variations of the geomagnetic field. Reference [2] defined what
was the Mean Diurnal Regular Variation of the earth’s magnetic field denoted Sq
as observed during the quiet magnetic days. The classification of days according
to their magnetic activity level was introduced first in 1905, using the Ci index to
select the five quietest days per month. Reference [3] proposed the method (still
used) based on the use of the three-hour Kp indices, to select the five quietest
days as well as the five most disturbed days. But, [4] in his work on the classifi-
cation of the international magnetic days, reached the following conclusion: the
classification of magnetic disturbed days is not significant due to the diversity of
magnetic disturbances. He proposed to stop this classification.

The earth’s magnetic field data were used and are still used for the study of
ionospheric and magnetospheric electric currents, both for atmospheric and
oceanic tides and for seismicity. The AMBER (African Meridian B-field Educa-
tion and Research) magnetometer is one of the ground-based instruments which
provide the earth’s magnetic field data. This magnetometer network had been
deployed in Africa under the IHY (International Heliophysical Year) program
[5]. The AMBER array currently has fifteen magnetometers across Africa, Asia
and America (11 are already deployed and the others are in the process of dep-
loyment). The main objective of the AMBER project is to study the electrody-
namic processes that govern the equatorial ionosphere in the African sector and
compare and contrast them with electrodynamics in other longitude sectors.

It has long been established that variations in magnetic field recorded by
ground-based instruments are caused by dynamo action in the upper atmos-
phere [6]. These daily variations of the earth’s magnetic field during quiet condi-
tions are known to be associated with the dynamos currents that are driven by
thermal and wind tidal motions in the E-region of the ionosphere [7]. The
equatorial electrojet is a phenomenon that has attracted the attention of several
researchers both in the past and recent times. Reference [8], in his work reminds
us that the Sq current is the cause of the generation of an east-west electrostatic
field at the equatorial ionosphere, which is directed eastward during daytime. At
the magnetic dip equator, where the earth’s magnetic field is horizontal, this
electric field results from an intense current flowing eastward along the magnetic
equator known as the Equatorial Electrojet (EEJ). The Equatorial Electrojet
(EEJ) is a system of current flowing from the west to the east in the E-region of
the earth’s ionosphere during daytime in a relatively narrow band (600 km and
within £3°) centered on the magnetic equator. Since its discovery, the equatorial
electrojet has been the subject of several studies. Most of the first studies were
carried out to explain the generating mechanisms such as an intense current
flowing along the magnetic equator. Since the 1970 s, few physical theories and

models of the ionospheric dynamo have been developed in order to explain the
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mechanism of the equatorial electrojet flow and its main features such as diurnal
and seasonal variability, counter-electrojet, etc.

The diurnal and seasonal variations of the solar quiet (Sq) variations had been
analyzed recently by several researchers [9] [10]. In this paper, we continue this
analysis using the data provided by the Yaoundé station during quiet magnetic

days from 2011 to 2014 in order to characterize it.

2. Data set and Method of Analysis

The installation of ground-based instruments has been improved considerably
after the launch of the United Nations-sponsored International Space Weather
Initiative (ISWI) program, which is an extension of the International Heliophys-
ical Year (IHY), which has facilitated the deployment of a number of small in-
struments arrays, including magnetometers [8] [11]. The installation of these in-
struments made it possible to cover the largest landmass that existed along the
geomagnetic equator, especially in regions that had been devoid of ground-based
instruments such as in Africa.

The magnetic data used in this study are those provided by one of the AMBER
stations installed in Yaoundé-Cameroon since 2009, whose geographical and
geomagnetic coordinates are respectively: (3.87°N, 11.52°E) and (5.8°S, 83.1°E).
It provides continuous recordings of the earth’s magnetic field. Its geographical
position in relation to the global network of AMBER magnetometers is given in
Figure 1. The methods of the data processing and analysis used in this study are
those already used by several researchers in their recent work [12] [13] [14] [15]
[16].

In this analysis, the data set used, consists of the minute values of the earth’s
magnetic components north (X) and east (Y). Thus, these data are averaged to
hourly values. The data are sampled at 2 Hz (time resolution: 0.5 sec), and are
labeled with an accuracy of 107° s [5]. Our station provides the geomagnetic data
in the XYZ coordinate system as defined by [17]. By a simple geometry, the H
horizontal component is obtained by converting Xand Y components according

to Equation (1). The concept of local time (LT) was used in this analysis, so
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Figure 1. Geographic location of the Global AMBER Equatorial magnetometers Network,
one of them (CMRN) has been used for this study. The solid horizontal line depicts the
geomagnetic equator, and the two dashed lines indicate the EE]J region.
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Yaoundé station is located at one hour ahead Greenwich Mean Time (GMT + 1).
The five international quiet days have been selected and are those universally
recognized by the World Data Center (WDC).

H=vX?+Y? (1)

The night time value or baseline value is the average of the /7 component

night time (23:00 - 02:00 LT) value of the earth’s magnetic field. The baseline
value is given by Equation (2):

H23 + H24 + HOl + HOZ

H, =
0 4

(2)

Where H,;,H,,,H,, and H,, are respectively the hourly values of A at
23:00, 24:00, 01:00 and 02:00 in local time (LT). This baseline value is subtracted
from the measurement data to obtain the hourly departure of A denoted AH.

The hourly departure is expressed by Equation (3):
AH(t)=H (t)-H, 3)

Where tis the time in hours ranging from 01:00 to 24:00 LT.

The hourly departure AH is then corrected by the non-cyclic variation. This
correction was proposed by some authors [18] [19] and defined non-cyclic vari-
ation as a phenomenon in which the value at 01:00 TL is different from that of
local midnight (24:00 TL). This correction of the non-cyclic variation is obtained
by making a linear adjustment on the daily hourly values such that the values of
AHat 01:00, 02:00, ..., 24:00 are considered as AH;,AH,,---,AH,,.

Ao AH012—3AH24 ”

The linearly adjusted values are expressed as follows in Equation (5):
S AH, +(i-1)*Ac (5)

In other words, the hourly departure A H corrected by the non-cyclic variation

gives the Sg values as shown in Equation (6):

Sq, = AH, +(t-1)*Ac (6)

After having selected the international quiet days, this last equation is used to
obtain the solar daily variation in H denoted Sq (H). Thus, the diurnal variation
was obtained by calculating the average of Sq (H) hourly values across the five
international quiet days of each individual month. The seasonal variations are
also obtained by averaging Sq (H) values of the months for each season. These
seasonal variations are calculated following Lloyd’s seasons [20]. The months of
the year are classified into three seasons: December or D-Season (January, Feb-
ruary, November, and December), Equinox or E-season (March, April, Septem-
ber, and October), June Solstice or J-Season (May, June, July, and August).But
we have separated the E-season in two equinoxes as [9] and [10] had separated
in their study. So we have spring equinox (March, April) and Autumnal equinox
(September, October).

Figure 2 illustrates the ideal Sq current system [21] which is composed of two
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Figure 2. Sq equivalent current system composed of two current cells.

vortices centered on the local noon, one in each hemisphere. In the Northern
Hemisphere, the current flows counterclockwise and clockwise in the southern
hemisphere. On the right side of this figure are drawn the variations of the H
and D components of the earth’s magnetic field seen by an observer during the
day and at various places (at the focus, above and below each cell in each he-
misphere ) [4]. The Yaoundé station is located above the focus of the Southern
vortex closest to the equatorial electrojet. In Yaoundé, Sq (H) is positive and is

eastward ionospheric current (named model type E, pure maximum by [22]).

3. Results and Discussion

3.1. Monthly Diurnal Variations

Figures 3(a)-(1) show the monthly mean diurnal variation of Sq (H) observed
in Yaoundé from January to December for the years 2011 to 2014. The colored
curves correspond to different years of the period of study during the solar cycle
24. The maximum of Sq (H) amplitude is respectively 79.07 nT, 69.72nT, 69.64
nT and 76 nT for the years 2011, 2012, 2013 and 2014.There is also a lack of
curves for 2013 during the months of February to June, this is due to data gaps
during this period. The Sq (H) variations are generally low during the night-time
and oscillate between —10 nT and 0 nT. During the daytime, the Sq (H) varia-
tions exhibit this morphology of Sq:

- Sq (H) is mainly positive for all months and its maximum is generally ob-

served around local noon and 13:00 local time, except in February 2011 where its
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Figure 3. Monthly mean diurnal variations of Sq (H) of earth’s magnetic field observed at Yaoundé-Cameroon during quiet mag-
netic days from January 2011 to December 2014.
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maximum reached at 14:00 LT. This observation is in agreement with [23] and
[24] in their work on the diurnal variation model of Sq, they showed that, the
maximum intensity of the Sq arrives around 12:00 (local time). This is a typical
signature of a station located between the focus of the Sq cell and the equatorial
electrojet in the Southern Hemisphere as shown in Figure 2, as is the case for the
Yaoundé station.

- The Sq (H) amplitude is in general large, this is due to the fact that at low la-
titudes, the Sq (H) component is amplified due to the superposition of the Sq
and the EE]. This is in agreement with [25] who showed that the Sq (H) is ex-
pected to exhibit a consistent maximum within electrojet zone as a result of the
EE] phenomenon. References [26] [27] [28] show that enhanced cowling con-
ductivity along the magnetic equator is a major cause of EE]. Figure 4 shows the
Sq (H) maximum for each month of the year versus the time of passage of this
maximum. The maximum amplitude of Sq (H) varies from 24.35 to 79.07 nT,
42.33 t0 69.72 nT, 50.40 to 69.64 nT and from 36.66 to 76 nT in 2011, 2012, 2013
and 2014, respectively.

Figure 5 shows the progression of the solar cycle and shows that the 24™ cycle
had two peaks of activity. The first peak at the end of 2011 until early 2012 and
the second in early 2014. In addition, the sunspot number is about 103 in Feb-
ruary 2014 and remains between 60 and 105 throughout the year 2014. That ex-
plains why the Sq intensity values (H) are great during the years 2012 and 2014
observed in Figures 3(a)-(l). At the end of 2011, the sunspot number is between
60 and 97. During this period the Sq (H) amplitude is greater than 60 nT. Al-
though the data used in this study are insufficient, it is noted that the Sq (H)
variation depends on the solar activity. These results show the strong correlation
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Figure 4. Diagram of maximum of Sq amplitude. Each plot shows the maximum of Sq amplitude versus time of passage of the

maximum in local time for individual year.
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Sunspot number and solar cycle progression (Source: Space Weather Prediction Center (SWPC)).

that could exist between the Sq amplitude and the solar cycle variation as [9] had
demonstrated in his works.

3.2. Seasonal Variations

Figures 6(a)-(d) present the seasonal mean variation of Sq (H) observed in
Yaoundé for the years 2011 to 2014 during the four seasons: spring (Figure
6(a)), the autumn (Figure 6(b)), summer (Figure 6(c)) and winter (Figure
6(d)). The colored curves correspond to the different years from 2011 to 2014
for each season. The Sq (H) amplitude in spring (~72 nT) is different from that
of the autumn (~69 nT) while that of summer (~57 nT) and the winter (~60 nT).
Figures 7(a)-(d) shows that the Sq (H) amplitude in the autumn is greater than
that of the spring during the years 2011, 2012 and 2013. These results show that,
there is an equinoctial asymmetry at Yaoundé station. However, we observe that
the Sq (H) variation exhibits a significant negative excursion during the night-
time. This signature is typical of our station, because at this location, the Sq cur-
rent during the night side is expected to converge to zero. Except in the situation
of the existence of a counter-electrojet where a depression or inversion of the
magnetic field variation is observed during the morning and the afternoon
hours. This result leads us to the assumption of the existence of a strong induced
current in Yaoundé or another type of current (external current during night
time which could be westward or eastward currents) detected by our magneto-
meter at our station Which could considerably influence the variation of the ho-
rizontal component of the magnetic field in Yaoundé. These negative values of
the Sq (H) in our station could also be explained by the existence of a type of
electrojet, recently discovered by [29] called tropospheric equatorial. It is a phe-
nomenon of electrification of the troposphere whose source could be some

weather events such as thunderstorms and flashes of lightning that accompany
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Figure 6. Seasonal mean diurnal variations of Sq (H) of earth’s magnetic field observed at Yaoundé-Cameroon during quiet mag-
netic days for all the years from 2011 to 2014.
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thunderclouds. He reveals in his works the existence of electrons in the tropos-
phere whose circulation in this layer of the atmosphere give birth to the equa-
torial tropospheric electro-ejector in a low layer denoted (LL-EE]), could affect
to ground-based instruments. Therefore the observations made at our station
would be an ideal example.

The Sq variation of the horizontal component of the earth’s magnetic field
observed at the Yaoundé station shows a unique variation pattern for the differ-
ent months and seasons (see Figure 3 and Figure 6). This shape do not corres-
pond only to the ideal Sq current system (Figure 2) but also to others equivalent
system currents represented by three models called R, T and F [22] presented in
Figure 8. The left panel of this figure shows models R, T and F and the right
panel shows the current SqX systems that are caused by each model. The mor-
phology of the diurnal, monthly and seasonal variations of the H horizontal
component observed at the Yaoundé station correspond to the effect of the R

model where the Sq values are mainly positive.
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Figure 8. Model of equivalent current systems from Mayaud, 1965. The left panel shows the
pattern of the R, T and F models and the right panel shows the diurnal variation of the Sq X
component for each model.

The R model current (“ideal Sq system”) is a current system with oval or ellip-
tical lines. The short axis is north-south. Its focus is located at mid-latitudes. The
R model has an inclination of the small north-south axis which is no longer di-
rected north-south as it is for model T. the model R does not cause any variation
in the SgX component at the latitude of the focus. However, at the either side of
the focus, it causes a minimum pure (P-type form) above the focus and a pure
maximum (E-type form) below the focus [10]. At the Yaoundé station, the effect
of the R model is observed from January to December on diurnal, monthly and
seasonal variations. Indeed, from January to December, the SqH presents a pure

maximum i-e with predominantly positive values.

4. Conclusions

The aim of this work was to analyze the diurnal, monthly and seasonal variations
of the Sq (H) observed in Yaoundé using the data provided by AMBER station of
Yaoundé during quiet magnetic days. The results obtained highlight the follow-
ing characteristics of Sq:

- The large amplitude variation values of Sq (H) are those of the two equinox-
es while the smallest are observed in the winter and summer seasons.

- The amplitude of the Sq (H) of the spring equinox is different from that of
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the autumn equinox: there is an equinoctial asymmetry at Yaoundé.

- The Sq (H) values are negative in night time for all four seasons. It is a typi-
cal signature of our station. These negative Sq (H) value in our station could be
due to other physical processes, another type of current (external current during
night time which could be west or east currents) or the existence of a strong in-
duced current at Yaoundé.

- Although the data used in this study are insufficient, it is noted a strong cor-
relation between the amplitude of the Sq (H) and the solar cycle variations: it is
large during the maximum phases of the solar cycle and low during the mini-
mum of the solar cycle.

- The patterns of Sq (H) variations correspond to the R model, from January
to December, the Sq (H) shows a form of E-type (i-th maximum pure).

In the next work, we will make a comparative study of the mean diurnal varia-
tion of Sq with other stations in other longitude areas in order to highlight the
characteristics of the Sq in Yaoundé, to study its longitudinal variability and also
to understand the dynamics of the ionospheric electric current system of the
Southern Hemisphere. The study period could also be extended over a large
number of years of data to determine the effect of solar activity on the Sq varia-

tion at our station.
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