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ABSTRACT: A study of the Sq variations in the H and Z components of the Geomagnetic
field on Equatorial and low latitudes has been undertaken using data obtained from observatories
located in Addis Ababa (AAB), Mbour (MBR), Tamanrasset (TAM) and Tsumeb (TSU) for the
year 2007. The variations in both components were found to be both in amplitude and phase for all
the stations. The Addis Ababa station exhibited very high amplitude with peak in early morning
hours around 8.00hrs. This high amplitude is attributed to the effect of the equatorial electrojet
current present in AAB station. The morphology of the curves for Sq (H) in all the stations was
seen to be opposite that for Sq(Z) but for TSU station. The morphology of the curve for TSU Sq(Z)
was found to be opposite that for other stations. This difference is attributed to the hemispherical
positioning of the stations. TSU being in the Southern Hemisphere while the others are in the
Northern Hemisphere. An anomalous behavior was also observed in the morphological curve of
Sq(H) for TSU station which is attributed to the position of the TSU station being above the Sq
focus in the southern hemisphere. Seasonal variations were also observed in all the components,
also a coastal effect was seen to affect the seasonal variation of Sq (Z) in MBR station.
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I. INTRODUCTION

The geomagnetic field varies on a huge range of time
scales: from milliseconds to millions of years. The slower
changes, occurring over time scales of a few years to thou-
sand years, are related to the dynamo processes acting
within the Earth and are generally referred to as geomag-
netic secular variation. On the contrary, the short-term
variations are primarily of external origin arising from
currents flowing in the ionosphere and magnetosphere
(Merrill et al., 1996). Currents flowing in the magneto-
sphere are responsible for the occurrence of geomagnetic
storms and sub storms, while currents flowing in the iono-
sphere are associated with a more or less regular daily
variation of the geomagnetic field. Among the possi-
ble short-term geomagnetic variations the smoothest and
most regular is that observed on magnetically quiet days,
and it is known as “Solar quiet (Sq) daily variation”.

This variation mainly arises from the ionospheric cur-
rent system flowing in the so-called dynamo region. This
current system, which can be quite well approximated
by a 2-D current flowing in the ionospheric E-region be-
tween 90 and 130 km (Chapman, 1929; Richmond et al.,
1976), is driven by different processes. This current is
indeed related with the expansion and contraction of the
atmosphere as the Sun rises and falls daily through the
year, with the global scale horizontal upper-atmospheric
winds, with the lunar tidal forces upon the region, and
with variations of the sun electromagnetic emissions re-
sponsible for extra fotoionization of the region. As a
result, the solar daily variation is a function of latitude,
local- time, season and solar activity level (Campbell,
2003). Egedal (1947) showed that an abnormally large
daily range occurs within a narrow range of dip latitude
centered over the magnetic equator. Chapman (1951)
suggested this large range of H over the equator as due
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TABLE I: The stations and their locations.

s/n Stations IAGAAbbrev Country Geographic

iations Lat. (°) Long.(°)

1 Mbour MBR Senegal 14.39 343.04

2 Tsumeb TSU South Africa -19.22 17.70

3 Addis Ababa AAB Ethopia 9.03 38.77

4 Tamanrasset TAM Algeria 22.9 5.53

to the effect of a band of eastward flowing current in the
dynamo region and named it “equatorial electrojet”. The
equatorial electrojet was explained by Baker and Martyn
(1953) as due to considerable enhancement of the east -
west atmospheric conductivity within a narrow latitude
belt where the electric and magnetic fields are orthogo-
nal to each other. Mitra (1947) observed that the ampli-
tude of the Sq variation is generally greater during the
daylight hours than during the night. Onwumechili and
Ogbuehi (1962) observed that the amplitude of Sq sen-
sitively depends on local time and that the strength of
the Sq current is enhanced at the dip equator. The iono-
spheric current responsible for the magnetic field vari-
ations is inferred to build up at the early morning pe-
riod and attain maximum intensity at about local noon.
Obiekezie and Okeke (2009) observed a maximum vari-
ability in the H component around noon for stations in
around the dip equator and suggested that it was due to
the equatorial electrojet current. Obiekezie (2012) stud-
ied the geomagnetic field variations at dip equatorial lat-
itudes and observed an equinoctial maximum in H and Z
while a solistical minimum was observed in D. Obiekezie
et al. (2013) confirmed that Sq is a very changeable phe-
nomenon with very strong day-to-day variation suggest-
ing that the root cause of Sq could be responsible for its
day-to-day variability. Here a study of the Sq variations
in the H and Z components of the Geomagnetic field on
Equatorial and low latitudes is being undertaken with
the aim of deducing the mechanisms responsible for the
observed variation.

II. METHOD OF ANALYSIS

Four stations were employed in carrying out the study of
Sq variations in the H and Z components of the geomag-
netic field at equatorial and low latitudes. These stations
are Addis Ababa, Mbour, Tamanrasset and Tsumeb.
The hourly data for the geomagnetic field of the X, Y
and Z component were accessed from the INTERMAG-
NET website. The geographic locations of the stations
can be seen in Table 1. Magnetically quiet days from
ten internationally quiet days (IQDs) in each month for
the year 2007 were selected. The ten International Quiet
Days (IQD) are the ten quietest days of the month ac-
cording to the classification of planetary magnetic Kp
index.

Following Campbell (2003), the H component was cal-
culated using the equation

H =
√
X2 + Y 2 (1)

The baseline values (Hb and Zb) were calculated as the
average of the values of the hours flanking the midnight
plus the midnight values

Hb =
H22 + H23 + H00 + H01

4

Zb =
Z22 + Z23 + Z00 + Z01

4

(2)

Where H00, Z00,H01, Z01,H22, Z22 and H23, Z23 represent
the hourly values of H and Z at 00, 01, 22 and 23 LT
values, respectively. The Sq amplitude ∆H and ∆Z for
any hour ” t” is the difference between hourly values Ht,
Zt and the baseline value, Hb, Zb

Thus,

∆H = Ht −Hb

∆Z = Zt − Zb
(3)

Where t = 0 to 23 hours. The hourly departures were
then corrected for noncyclic variation (∆C ). This non-
cyclic variation (∆C) is defined as a phenomenon in
which the value at 00LT is different from the value at
23LT 23LT Vestine (1947), Rabiu (2000) & Obiekezie et
al., (2013).

∆C =
V0 − V23

23
(4)

The linearly adjusted values at the hours are

Sq(V ) = V0 + 0∆c, V1 + 1∆c, V2 + 2Vc + ......, V23 + 23∆c

(5)
In other words,

Sq(V ) = Vt + t∆C (6)

Where t = 0 to 23 hrs and V represents H or Z. The
hourly departures corrected for non-cyclic variation on
quiet days give the solar quite daily variation in H and
Z, denoted as Sq (H) and Sq(Z).
The seasonal variations are obtained by making the
monthly arithmetical mean of those months comprising
a given season. Our seasons followed the classification
of Matsushita and Maeda 1965. The seasons are D (Jan-
uary, February, November and December), J (May, June,
July, August), and E (March, April, September, Octo-
ber).
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III. RESULTS/DISCUSSION

Figure 1 and 2 shows the monthly variation of Sq(H)
and Sq(Z) at AAB, MBR, TAM and TSU on IQDs for
the month of January to December 2007.
The variation in the two components is found to be both
in Amplitude and Phase. The variation occurred through
the day and night although minimal variation occurred
at night but these variations were non zero. 2007 is a
low solar activity year and the best period to study Sq
variation is during period with no or lesser disturbances
in the ionosphere thus zero variations are expected at
night and since non-zero variations are observed it shows
that the night currents are of non-ionospheric origin but
filter into the ionosphere from the magnetosphere even
during magnetic quiet periods. This non-zero current
at night has been observed by other researchers such as
(Campbell 1979, Obiekezie (2012), Obiekezie and Obi-
adazie 2013, Okeke and Rabiu (1998) and Rabiu (1996,
2002), Obiekezie, et. al., (2013)).
The morphology of the amplitude curves reveal a peak
in Sq(H) occurring at 8.00hrs, 12.00hrs, 11.00hrs and
8.00hrs for AAB, MBR, TAM and TSU respectively and
a gradual decrease from peak value down to the night
value. Also a minimum was observed in Sq(Z) occur-
ring about 9.00hrs, 12.00hrs and 10.00hrs for AAB, MBR
and TAM respectively while a maximum was observed in
TSU at about 11.00hrs. The phase difference observed
between the stations is attributed to the differences in
their longitudinal locations. According to Le Sager and
Huang (2002), this longitudinal variation is attributed to
longitudinal changes in the main geomagnetic field. From
figure 1 the Sq (H) amplitude of AAB station is seen to
be higher than that of other stations. These observed
high amplitudes in AAB is attributed to the equatorial
electrojet current; AAB is an equatorial electrojet station
located at latitude 0.180 of the dip equator. The equato-
rial electrojet is a narrow belt of intense electric current
in the ionosphere confined to about ±3°of the dip equa-
tor. This assertion is in consonance with the works of
Adimula et al., 2011 who noted that the equatorial elec-
troject is indicated on a magnetogram as an enhancement
of the solar daily variation of the horizontal component
of the magnetic field H.
The Station TSU is in the Southern hemisphere while the
other three stations are in the northern hemisphere. The
regular daily variations are known to be mainly caused
by electric currents flowing at approximately 100 km al-
titude in the ionosphere. The ionospheric currents typ-
ically form two global horizontal current vortices at the
sunlit side of the Earth, one flowing clockwise in the
Southern hemisphere and the other flowing counterclock-
wise in the Northern hemisphere. Due to this hemispher-
ical difference between TSU and the other three stations,
the morphology of the curves for TSU station is expected
to be different from that of the other three Northern sta-
tions (i.e having a minimum when others are having a
maximum). However, an anomalous result was observed

in Sq(H) for the TSU station. This could be ascribed to
the position of the station with respect to the Sq focus.
TSU is found to be located above the latitude of Sq focus
in the Southern hemisphere.

For all the stations except for the station TSU, the mor-
phology of the curves for the Sq(H) is found to be op-
posite that for Sq(Z). Minimum amplitudes is observed
in Sq(Z) occurring about 9.00hrs, 12.00hrs and 10.00hrs
for AAB, MBR and TAM respectively while a maximum
was observed in TSU at about 11.00hrs. This variation is
as a result of the hemispherical difference between TSU
and the other stations. This result is in agreement with
Obiekezie et al., 2013. Thus the Sq(Z) variation is not
affected by the location of the Sq focus. Seasonal vari-
ation is observed in all the geomagnetic components in
all the stations. The variation in Sq(H) was found to be
maximum during the E months for AAB, MBR and TAM
stations as shown in fig.3. This is due to the position of
the sun which is overhead the equatorial region during
the equinoctial months. However, maximum variation
was found to occur in the D months for TSU which is due
to the position of the sun which is overhead the south-
ern hemisphere during the December Solstice. Maximum
seasonal variation in Sq(Z) was also observed at the AAB
and TAM stations during the E months as shown in fig.4.
It is expected that maximum Sq(Z) variation for MBR
should also occur in the E months since MBR is a low lat-
itude station. However an anomalous result was obtained
for MBR station; Sq(Z) maximum variation was rather
observed in the D months. This is suggested to be due
to the increase in salinity of coastal soil which leads to
the increase in crustal conductivity in MBR since Mbour
is a coastal town. According to Md Lokman et.al., 2012,
soil salinity depends on annual rainfall and evaporation.
During the J seasons (which coincides with the rainy sea-
son in the tropical region where Mbour and most parts of
Africa lies), the soil gets enough water and soil salinity
decreases as rainwater dilutes the concentration of salt
in the soil. In the D season (which coincides with the
dry season in the region), soil salinity starts to increase
because of lower rainfall and higher evaporation of mois-
ture from soil surface. This finding coincided with the
finding of Karim et al., (1990). This increase in salin-
ity which is directly proportional to conductivity causes
higher induced current to flow in the crust and upper
mantle (during the D season). Since the Z component is
strictly a function of r, (the radial distance to the cen-
ter of the earth), it responds more to the induced cur-
rent than other geomagnetic components (Hence a higher
Sq(Z) variation observed in winter). This finding is in
consonance to Torta et al., (2010) who observed that the
induced signals for Sq over the oceans are larger than
those over the continents (simply due to their relative
higher conductivity).

Sq(Z) variation was also observed to be maximum in
the D months for the TSU station. This is due to the
hemispherical differences between TSU and other sta-
tions. The seasonal variation according to Abbas et. al.
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(2013) is due to the seasonal shift in the mean position
of the Sq current system of the ionospheric electrojet.

 

FIG. 1: Sq(H) variation for January to December 2007

 

FIG. 2: Sq(Z) variation for January to December 2007

 

FIG. 3: Seasonal variation of Sq(H) for the four stations

 

FIG. 4: Seasonal variation of Sq(Z) for the four
stations.
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IV. CONCLUSION

A study of the Sq variations in the H and Z components
of the Geomagnetic field on Equatorial and low latitudes
has been carried out the following conclusions are drawn

1. Hemispherical differences in the position of the sta-
tions affects the Sq variations in both Sq(H) and
Sq(Z)

2. The position of the station with respect to Sq focus
affects the Sq(H) variation but has no effect on the
Sq(Z) variation.

3. The seasonal variations are affected by the position
of the earth with respect to the Sun

4. Coastal effect was seen to affect the seasonal vari-
ation Sq(Z) of MBR station this variation in Sq(Z)
is seen to be a function of earths conductivity
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