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Abstract We present solar quiet (Sq) variation of the horizontal (H) magnetic field intensity deduced from
Magnetic Data Acquisition System (MAGDAS) records over Africa during an unusual strong and prolonged
2009 sudden stratospheric warming (SSW) event. A reduction in the SqH magnitude that enveloped the
geomagnetic latitudes between 21.13°N (Fayum FYM) in Egypt and 39.51°S (Durban DRB) in South Africa was
observed, while the stratospheric polar temperature was increasing and got strengthened when the
stratospheric temperature reached its maximum. Another novel feature associated with the hemispheric
reduction is the reversal in the north-south asymmetry of the SqH, which is indicative of higher SqH
magnitude in the Northern Hemisphere compared to the Southern Hemisphere during SSW peak phase. The
reversal of the equatorial electrojet (EEJ) or the counter electrojet (CEJ) was observed after the polar
stratospheric temperature reached its maximum. The effect of additional currents associated with CEJ was
observed in the Southern Hemisphere at middle latitude. Similar changes were observed in the EEJ at the
South America, Pacific Ocean, and Central Asia sectors. The effect of the SSW is largest in the South American
sector and smallest in the Central Asian sector.

1. Introduction

A space weather event sometimes causes a severe disturbance of the upper atmosphere and the near-Earth
space environment driven by the magnetic activity of the Sun, which subsequently influences the variability
of the Earth’s ionosphere. The solar quiet (Sq) current system is a well-known phenomenon found in the E
region of the ionosphere (approximately 90–150 km in altitude). It produces a regular daily ground magnetic
variations during geomagnetically quiet days on the Earth’s surface, and their strength changes on various
time scales [Onwumechili, 1967]. This current is due to the electric currents in the ionized upper atmosphere,
where their impulsion is attributed to electromotive forces caused by neutral winds, mainly horizontal, in the
presence of the geomagnetic field [Richmond and Roble, 1987]. The orthogonality of the electric and mag-
netic fields over the dip equator generates large eastward conductivities in the daytime and an enhanced
eastward current; equatorial electrojet (EEJ) is initiated [Baker and Martyn, 1953]. The daytime reversal of
the EEJ current during geomagnetically quiet periods is described by Gouin and Mayaud [1967] as counter
electrojet (CEJ).

Shiokawa et al. [2009] reported that gravity, tidal, and planetary waves, which are usually generated in the
lower atmosphere could propagate into the upper atmosphere under favorable background conditions
and couple to the ionosphere. They found that a substantial fraction of observed variability in the ionosphere
could be associated with meteorological influences. This indicates that there are other drivers in the lower
atmosphere that significantly influence the variability of the ionosphere. For example, the four-peaked struc-
tures (wave number 4 variation) of the eastward propagating zonal wave number 3 diurnal tide (DE3) com-
ponent was found to modify the E region dynamo [Immel et al., 2006; Jin et al., 2008; Ren et al., 2009; England
et al., 2006]. Another type of meteorological event which is subject of our interest and responsible for the ver-
tical coupling of the lower atmosphere with the upper atmosphere is sudden stratospheric warming (SSW). It
is a large scale meteorological disturbance characterized by sudden deceleration or reverse in the direction of
westerly winds in the winter period. It is an event accompanied by breakdown in the polar vortex and rapid
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rise in stratospheric temperature by several tens of degrees that last for several days or even a few weeks
[Andrews et al., 1987]. The consequence of displaced stratospheric zonal flow interaction with the abnormally
enhanced upward propagating waves at the cold pole is a large wave forcing from the lower atmosphere
[Matsuno, 1971]. Limpasuvan et al. [2004] observed significant disturbance in the middle atmosphere that
influences the upper atmosphere due to significant changes in the zonal and diurnal mean wind and the
temperature height variations. Also, Goncharenko and Zhang [2008] for the first time found that the warming
and cooling from the lower atmosphere extend to around altitude of ~ 300 km and significantly influenced
the upper atmosphere. They suggested that the modulation of the upper atmosphere that resulted from
sudden stratospheric changes in the middle atmosphere, which significantly perturbed the ionosphere,
could be considered as part of space weather.

Figure 1. (a) Location of nine MAGDAS stations investigated over Africa. (b) Geomagnetic and solar parameters; Kp and
F10.7 for January–March 2009.
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Vineeth et al. [2009], Fejer et al. [2010], Stening [2011], Sridharan et al. [2009], Park et al. [2012], and Yamazaki
et al. [2012a, 2012b, 2012c] studies have disclosed direct connections between Sq of the horizontal (H) mag-
netic field intensity (SqH) and changes in the lower atmosphere over the low latitudes during the SSW events.
These include significant changes in daytime EEJ, CEJ, semidiurnal signatures of SqH current, lunar tides,
equatorial mesospheric winds, and temperatures. Vineeth et al. [2009] observed that the EEJ and CEJ are
strongly modified by diurnal tides, since EEJ and CEJ are mainly driven by the diurnal tide wind dynamo.
They found CEJ and EEJ on days when diurnal tides are weakened and strengthened, respectively. This is in
agreement with Fejer et al. [2010] results and further showed that the zonal mean wind reversal results in the
enhancement of the lunar semidiurnal tidal winds. In the Africa sector, Yamazaki et al. [2012a] observed
amplification in geomagnetic lunar tides at Addis-Ababa during SSW events that occurred between 1958
and 2007. Investigating SqH over 20 Asian stations during 2006 and 2009 SSW events, Yamazaki et al.
[2012b] ascribed the EEJ and CEJ observed during the periods to the abnormal large tidal winds at the height
of the dynamo region of the ionosphere. Further works of Yamazaki et al. [2012c] showed significant decrease
and increase in the SqHequivalent current intensity over theNorthernandSouthernHemispheres, respectively,
along with a reduction in the longitudinal separation between the northern and southern current vortices.

It is obvious from the above literature that despite consistent investigations on the coupling of the lower and
the upper atmosphere, which have unveiled a lot in the American and Asian sectors, little is known about
SSW and SqH characterization in the ionosphere above Africa. Therefore, this study provides a comprehensive
analysis on SqH variability relating to coupling of the stratosphere and the ionosphere over Africa during 2009
SSW. In contrast to Vineeth et al. [2009], Stening [2011], Park et al. [2012], and Yamazaki et al. [2012a, 2012b,
2012c] works, we will analyze results, not only for when the zonal mean wind flow in the polar stratosphere
reverses but also when it gradually weakens and gets to zero value. We will compare our results with previous
studies from other regions and its equatorial characteristics with some stations in the American, Pacific, and
Asian sectors.

2. Materials and Methodology
2.1. Geophysical and Stratospheric Parameters

Figure 1a shows the map of Africa with location of stations used in this study. Table 1 shows the list of station
names, their codes, and geographic and geomagnetic coordinates. In order to understand the state of
geomagnetic activity during these events, variations of the magnetic activity index Kp and solar activity index
F10.7 obtained from the records of the (National Aeronautics and Space Administration (NASA) Space Physics
Data Facility, http://omniweb.gsfc.nasa.gov/form/dx1.html) are included in our analysis (Figure 1b). We
observed that the Kp index (bar plots in black) on any of the days was low, themaximum value (2.9) was found
on 14 February. The corresponding F10.7 index (stem plots in red) is ~ 72.

The National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR)
reanalysis [Kalnay et al., 1996] for the year 2009 is used in this study. The data for NCEP-NCAR reanalysis
can be downloaded from the website of the (National Oceanic and Atmospheric Administration (NOAA),
office of Oceanic and Atmospheric Research, Earth System Research Laboratory, Physical Sciences Division,
Boulder, Colorado, http://www.esrl.noaa.gov/psd/). The daily mean values of the zonal mean air temperature

Table 1. Geographic and Geomagnetic Coordinates of the Stations Investigated

Geographic Coordinates Geomagnetic Coordinates

Station Codes Latitude Longitude Latitude Longitude

Fayum FYM 29.300°N 30.840°E 21.130°N 102.340°E
Aswan ASW 24.080°N 32.890°E 15.310°N 104.770°E
Khartoum KRT 15.630°N 32.530°E 6.030°N 104.000°E
Addis Ababa AAB 9.030°N 38.740°E 0.160°N 110.440°E
Ilorin ILR 8.500°N 4.550°E 1.820°S 76.680°E
Nairobi NAB 1.280°S 36.810°E 10.760°S 108.510°E
Dal Es Salaam DES 6.800°S 39.280°E 16.620°S 110.720°E
Maputo MPT 25.960°S 32.580°E 36.610°S 99.640°E
Durban DRB 29.880°S 31.050°E 39.510°S 96.410°E
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and the zonal mean zonal wind at 600°N and 10 hPa (approximately 32 km) were used to examine the varia-
bility of the 2009 SSW event from January to March periods.

The beginning of the 2009 SSW event according to the World Meteorological Organization (WMO) standard
was attained on 18 January 2009. This is when the stratospheric (at an altitude of 10 hPa pressure level) tem-
perature at the northern polar latitudes (poleward of 600°N) increased by more than 25 K within a week
(Figure 2a). As a result of this, we have categorized the zonal mean air temperature of the stratosphere into
six phases: (1) SSW precondition, when the temperature of the stratosphere is normal without any noticeable
surge (3–17 January); (2) SSW ascending phase, when there is a surge in the temperature of the stratosphere
(18–21 January); (3) SSW peak phase, when the surge in the temperature of the stratosphere is strongest
(22–24 January); (4) SSW Descending Phase, when the surge in temperature of the stratosphere, which is
strongest begins subsiding (25–31 January); (5) after the SSW, when the stratosphere recovered from the
surge of the strongest temperature (1–25 February); and (6) No SSW, when the stratospheric temperature
variability is similar to SSW precondition (28 February to 31 March). There were no March data available;
hence, we restricted our no SSW phase to 28 February. The average of all the available data for each of the
SSW phase was estimated to produce the error bar shown with Figures 2bi–2bvi.

Figure 2c illustrates the strength of the 2009 SSW event. The zonal mean zonal wind at 600°N and 10 hPa
reverses westward on 24 January after the stratospheric air temperature reached peak value of ~ 256 K on
23 January and the zonal mean wind value is zero. This indicates that the 2009 SSW event is a major one
[Andrews et al., 1987]. The zonal mean wind value was highest (~ !29m/s) on 29 January and subsided
afterward but remained easterly until 22 February.

2.2. Magnetic Data Acquisition System Data Set

The ground-based magnetometer that archived the horizontal (H) magnetic field is obtained from nine
Magnetic Data Acquisition System (MAGDAS) stations in the African chain, covering both the Northern and
Southern Hemispheres. These station distributions in geographical latitudes spanned between~ 300°N
and~ 300°S (Table 1 and Figure 1) and are available at International Centre for Space Weather Science and
Education (ICSWSE) website at www.serc.kyushu-u.ac.jp/data/. Other magnetic data used to further investi-
gate the longitudinal variations of SqH during 2009 SSW in the South America (Huancanyo, HUA, geomag-
netic coordinates: 0.60°S, 355.460°W), Pacific Ocean (Pohnpei, PON, geomagnetic coordinates: 0.250°N,
229.110°E), and Central Asia (Trivandrum, TIR, geomagnetic coordinates: 0.340°N and 148.820°E) are retrieved
from (International Real-time Magnetic Observatory Network, http://www.intermagnet.org/data-donnee/
dataplot-eng.php?type=hdz), (Japan Agency for Marine-Earth Science and Technology, http://p21.jamstec.
go.jp/geom/), and (Indian Institute of Geomagnetism, http://wdciig.res.in/WebUI/Home.aspx), in that order.
The 1min resolution of the H component of these geomagnetic field data obtained is binned into hourly
values. The observed H component of the geomagnetic field perturbations at the ground is induced with
the local magnetic perturbations at the ground and the global magnetic perturbations associated with
magnetospheric currents [Fukushima and Kamide, 1973]. To solve this issue, the global contributions due
tomagnetospheric currents are removed from the hourly H component of the geomagnetic field by subtract-
ing the hourly values of the (disturb storm time) Dst index from it. Mathematically, this is expressed as

ΔHground ¼ Hlocal !MH; (1)

where Hlocal is the observed H component of the geomagnetic field perturbations at any particular hour and
MH=Dst Cos (L) is the calculated value effect of Dst index, provided by the (World Data Centre for
Geomagnetism, Kyoto at http://wdc.kugi.kyoto-u.ac.jp) for the same particular hour, where L is the geomag-
netic latitude of the stations.

To quantify the SqH current, the averaged nocturnal values between 2400 LT and 0100 LT for a particular day
(base line value) are subtracted from the hourly values of ΔHground for that particular day [Vestine, 1947; Rabiu
et al., 2009; Bolaji et al., 2013]. Therefore, for a particular hour for a day, SqH current for a station is

SqHt ¼ Ht ! BLV; (2)

where t is the time in hours, Ht is the ΔHground value at that time, BLV is the base line value for that day, and
SqHt is the estimated SqH value for that hour t. In order to achieve the aforementioned phases described in
section 2.1, the daily variability of SqH was averaged into these six SSW phases.
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Figure 2. (a) Stratospheric zonalmeanair temperature for January–March2009 showing theSSWprecondition, SSWascend-
ing, SSWpeak, SSWdescending, after the SSW, andnoSSWPhase. (b) Error bar of all the availabledata. (c) Stratospheric zonal
mean zonal wind for January–March 2009.
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3. Results and Discussion

A two-dimensional plot with grid lines on the y axis (Figure 3) shows the latitudinal profile of SqH variability
between 3° and 40° east of the African sector. The geomagnetic latitudes of the stations under investigation
are presented on the y axis and arranged in increasing order from the Southern to Northern Hemisphere. The
x axis shows the daily varying local time (LT) of each phase in hours. The white background in the two-
dimensional plot is due to a number of data gaps that result from interruptions in the data recording, mostly
due to power interruptions. The colored bar beside the two-dimensional plot shows the magnitudes of SqH in
nanotesla (nT). The time series plots of SqH of three-equatorial stations at different longitudes in the South
America (HUA), Pacific Ocean (PON), and Central Asia (TIR) sectors are shown in Figure 4.

3.1. Latitudinal Variations of SqH Current Due To 2009 SSW Over Africa

In all the phases (Figure 3) at the dip equator, highest magnitudes of the SqH straddled Addis-Ababa (AAB)
and Ilorin (ILR) in the daytime between 1100 LT and 1300 LT. The highest magnitude at AAB during the
SSW precondition, SSW peak phase, SSW descending phase, after the SSW, and when there is no SSW in place
is ~ 93 nT, ~ 51 nT, ~ 99 nT, ~ 88 nT, and~ 80 nT, in that order. The highest SqH magnitude of ~ 61 nT was
observed at ILR during the SSW ascending phase. This indicate that the SqH peak which is significant near
noon hours at AAB (0.180°S of geomagnetic latitude) in all the SSW phases considered was absent during
the SSW ascending phase. During this SSW ascending phase when SqH is maximum at ILR (1.820°S of the geo-
magnetic latitude), the stratosphere is characterized by weakened zonal mean wind (Figure 2c) and a surge in
the temperature more than 25 K within a week (Figure 2a).

It is worthy to note that this is a clearer evidence of modified SqH at the dip equator due to SSW and contrast
the quiet period morphology of SqH current intensity at the dip equator revealed by Matsushita [1967] and
the study of longitudinal difference in the EEJ current over the African sector by Rabiu et al. [2011].
Matsushita [1967] showed that SqH current intensity at the dip equator is a function of how closer a station
is to the dip equator. The closer a station to the dip equator, the more intense the SqHmagnitude when there
is no SSW. Also, longitudinal variations in the Earth magnetic field have been investigated by Doumouya et al.
[2003], Doumouya and Cohen [2004], and Chandrasekhar et al. [2014] when there is no influence due to SSW.
Doumouya et al. [2003] and Doumouya and Cohen [2004] found secondary maximum and minimum in EEJ
currents over the West African (western axis) and Atlantic sector (eastern axis), respectively. Chandrasekhar

Figure 3. Two-dimensional plot of Sq (H) as a function of local time across nine stations in Africa during the year 2009 SSW
event.
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et al. [2014] showed that EEJ current is strongest in South America sector (western axis) and weakest in India
sector (eastern axis). In the worldwide context summary, magnetic field variations are stronger in the western
than the eastern axis. This is due to a stronger background magnetic field [Shinbori et al., 2010] at the eastern
axis that produce lower ionospheric conductivity compared to the western axis. However, a detailed study of
the EEJ current made by Rabiu et al. [2011] in the African sector revealed that the western EEJ is weaker than
the eastern EEJ. They suggested that there is a possibility of reinjection of energy in the jet as it flows
eastward. To clarify this arguments, we further carried out investigations on longitudinal variability of SqH
during 2009 SSW episode at some equatorial stations around the world. These will be discussed later in
section 3.2.

Irrespective of higher SqHmagnitude found at AAB during the SSW peak phase, further reduction in SqH value
(~39 nT) is significant at ILR. This is interesting and indicates that the SqH magnitudes over the magnetic
equator (AAB and ILR) and across the hemispheres were further depleted during the SSW peak phase
compared to all the SSW phases under investigation.

The effort of Liu and Roble [2002] using a self-generated SSW model of coupled Thermosphere Ionosphere
Mesosphere Electrodynamics-General Circulation Model/Community Climate Model-3 (TIME-GCM/CCM3)
has shown that the decelerating stratospheric zonal mean wind (during the SSW ascending phase) would

Figure 4. Variability of SqH at equatorial stations in South America (Huacanyo, HUA), Pacific Ocean (Phonpei, PON), and Asia
(Trivandrum, TIR) sectors during (a) precondition phase of SSW, (b) ascending phase of SSW, (c) peak phase of SSW,
(d) descending phase of SSW, (e) after the SSW phase, and (f) no SSW in 2009.
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initiate significant upward propagation of the westward propagating gravity and planetary waves (quasi
16 day wave) as it approaches zero level. The intensity of the upward westward propagating gravity and
planetary waves increases when the stratospheric zonal mean wind gets to zero level, which coincides with
the SSW peak phase when the stratospheric air temperature is highest. This signifies that the upward propa-
gation of these waves would modulate the tidal components (diurnal and semidiurnal) at the lower thermo-
sphere either by enhancement [Sridharan et al., 2002] or reduction [Meyer, 1999] of the dynamo electric fields.
Hence, the reduction in the magnitude of SqH during the SSW peak phase could be due to reduction of
upward propagating tides from the middle atmosphere.

It is clearer from our results that this evidence regarding SqH reduction is beyond the middle atmosphere
because the strong forcing from below due to SSW significantly influences the SqH hemispheric asymmetry
at the upper atmosphere. For example, our results in Figures 2a, 2c, and 3 established that when the strato-
spheric air temperature and stratospheric zonal mean wind get to the highest value (~256 K at 10 hPa) and
zero level, respectively (SSW peak phase), the reduction of the tidal components were further strengthened
compared to during the SSW ascending phase. Immediately after zero level (the SSW descending phase), the
stratospheric air temperature decreases sharply, stratospheric zonal mean wind reduces further beyond zero
(negative value), and the reduction of the tidal components subsides.

Northward from AAB and southward from ILR, SqH magnitudes decrease across the latitude in the daytime
near noon hours. The spread of SqH magnitudes in the daytime is higher in the Southern than the
Northern Hemisphere in all the phases investigated with an exception during the SSW peak phase. For exam-
ple, SqH magnitudes in the range of ~ 40 nT to ~ 50 nT terminated around~ 110 in the Northern Hemisphere
during the SSW precondition and SSW ascending phase. As can be observed in the Southern Hemisphere,
SqHmagnitude in the range of ~ 40 nT to ~ 50 nT is found at latitudes higher than 110. In the SSW peak phase,
which is an exception, ~ 40 nT of SqHmagnitude straddled ASW. Between NAB and DES, where ASW could be
found in the Southern Hemisphere, SqH magnitude is ~ 28 nT.

Our results during the SSW peak phase contrast the works of Yamazaki et al. [2012c] that investigated similar
2009 SSW event in the late December of 2008 and middle February of 2009 over the American and Asian sec-
tors. They reported decrease and increase in the northern and southern SqH current intensities, respectively.
This higher SqH in the Southern Hemisphere is a robust feature due to higher solar zenith angle in the local
summer hemisphere that initiated the greater electrical conductivity [Yamazaki et al., 2012c]. We suggest that
weaker electrical conductivity during the SSW peak phase that initiated reduced SqH is prone to meridional
modulation that could initiated unusual hemispheric asymmetry in SqH (higher values of SqH magnitudes in
the Northern Hemisphere compared to the Southern Hemisphere) over the African sector.

Around 1300 LT at the dip equator, decreases in SqH magnitudes were observed and later reversed to nega-
tive values in the evening period (1500 LT–1800 LT). This afternoon reversal in SqH from positive to negative
value that signify afternoon counter electrojet (CEJ) at the dip equator was absent during the SSW precondi-
tion, SSW ascending phase, and after the SSW. In the SSW peak phase, no CEJ was seen over ILR and the max-
imum CEJ seen over AAB at 1700 LT is ~!25 nT. Themaximum CEJ magnitude found at AAB (1600 LT) and ILR
(1700 LT) during the SSW descending phase is ~!58 nT and~!20 nT, respectively. Also, during the No SSW
in the evening, ~ !12 nT value of SqH was recorded as maximum at 1800 LT over AAB. It is clearer from our
results that the afternoon CEJ observed at AAB during the No SSW, SSW peak, and SSW descending phase is
low, moderate, and high, respectively.

With these results, we confirmed earlier reports made by Vineeth et al. [2007] and Yamazaki et al. [2012b] that
SSW-triggered additional currents (strengthening of the EEJ) and CEJ magnitudes at equatorial stations. This
similarity in results is possible since these researchers investigated SqH variability when the zonal mean wind
reverses (SSW descending phase) and compared it with SSW precondition. Also, the effects of these addi-
tional currents found at the dip equator of Africa were seen over the low and middle latitude across the
Southern Hemisphere. Interestingly, their effects during the SSW descending phase compared to No SSW
phase are increased SqHmagnitudes near noon hours and additional westward currents around 1300 LT over
the low and middle latitude of the Southern Hemisphere. Although, Campbell and Schiffmacher [1985, 1988],
Takeda [2002], Chen et al. [2008], El Hawary et al. [2012], and Bolaji et al. [2015] have investigated hemispheric
variability of Sq currents over Africa, America, and Asia sectors. They suggested that southward Sq focus in the
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Southern Hemisphere is characterized by westward currents in the daytime. However, these additional
westward currents observed from our results that mapped over the Southern Hemisphere of the low latitude
and became intensified around the middle latitude (MPT and DRB) are clearer evidences that the lower
atmospheric effect due to SSW significantly perturbed the upper atmosphere.

The morning CEJ (0700 LT–0900 LT) seen during the SSW ascending phase at AAB have a maximum value
of ~!7 nT at 0700 LT. During No SSW phase, the morning CEJ found at AAB around 0900 LT is ~!29 nT.
These show that morning CEJ is gradually suppressed as the zonal mean air temperature is increasing and
no CEJ is visible when the stratospheric zonal mean wind reverses easterly.

3.2. Longitudinal Variations of SqH Current Due To 2009 SSWOver South America (HUA), Pacific Ocean
(PON), and Central Asia (TIR) Sectors

Figure 4 depicts the SqH variations at different longitudes (HUA, PON, and TIR) within the dip equator for 2009
SSW episode. We observed that the SqH variations during the SSW ascending, peak, and descending phases
depict characteristics similar to that observed in the African sector. These similarities in characteristics are
reduced SqH values during the SSW ascending phases that are further strengthened during SSW peak phases
in all the stations compared to the SSW preconditions. Also, enhanced SqH magnitudes associated with CEJ
found within the African dip equator during the descending phase compared to other phases were as well
observed at other longitudes (HUA, PON, and TIR). Therefore, all longitudes investigated during 2009 SSW
event are characterized by enhanced EEJ associated with CEJ [Vineeth et al., 2009; Yamazaki et al., 2012b]
during the descending phases and significantly reduced SqH magnitudes during the SSW peak phases.
This indicates that during SSW peak phases, reduction of upward propagating tides at the lower thermo-
sphere from the middle atmosphere is on worldwide scale. One obvious longitudinal feature found in all
the phases with SSW ascending phase as an exception that further clarifies the controversial western and
eastern axes issues [Doumouya et al., 2003; Doumouya and Cohen, 2004; Chandrasekhar et al., 2014] is that
SqH variability is highest, higher, and high at the South America, Africa, and Pacific Ocean sectors, respec-
tively. Also, the SqH variability is relatively weaker over the Asian sector.

As far as Rabiu et al. [2011] results on EEJ variations within the African sector, we suggest that they are
strongly influenced by the choice of location. The AAB station is closer to the geomagnetic dip equator than
ILR station, which could result in higher EEJ strength in the eastern axis compared to the western axis. It is also
a well-known fact that the geomagnetic main field with respect to the dip equator in the South America
(almost vertical) and African (almost horizontal) longitudes are different and in-turn have different morphol-
ogies. Hence, the strongest SqH magnitudes found in the South American sector compared to other sectors.
Apart from the stronger backgroundmagnetic field [Shinbori et al., 2010] at the eastern axis that could initiate
these relatively weaker SqH found at TIR, Hartman and Heelis [2007] and Fang et al. [2012] observations on the
closeness of the Indian longitude to region where the magnetic declination angle of the Earth’s magnetic
field is negative along the magnetic equator are factors that could contribute to these reductions. The influ-
ence of magnetic induction due to ocean effect on PON with relatively higher SqH variability compared to TIR
cannot be overlooked. Kuvshinov et al. [2007] suggested similar ocean effect on SqH variations that showed
relatively higher magnitudes near noon hour over south Indian electrojet where the EEJ plays insignificant
role in the large value near noon hour.

4. Conclusions

Our results reveal significant changes in the SqH over the African chain due to the 2009 SSW event. We found
a different morphology of SqH current intensity during the SSW peak phase, where the SqH current intensity
in the Northern Hemisphere is significantly stronger than the Southern Hemisphere. This is in sharp contrast
to the work of Yamazaki et al. [2012c] which reported that the observed changes in the SqH current are char-
acterized by a decrease and increase of the SqH current intensity in the Northern and Southern Hemispheres,
respectively. Significant decrease in SqH during SSW peak phase over the African hemispheres is revealed.
This decrease is also confirmed at the dip equator of South America, Pacific Ocean, and Central Asia sectors.
This needs further investigation over the hemispheres of the low latitude at other regions. The greater SqH
variability in the western axis compared to the eastern axis [Doumouya et al., 2003; Doumouya and Cohen,
2004; Chandrasekhar et al., 2014] is confirmed.
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This study focuses on temporal variations in SqH and their changes in the context of different phases of SSW.
Alternative interpretation to different phases of SSW is the SSW-related variations in ionospheric parameters
in terms of their timing as compared to lunar cycle [Fejer and Tracy, 2013; Pedatella et al., 2014]. Hence, it will
be interesting to look at other cases of SSW due to lunar cycle and during different phases since one cannot
make conclusions from one case study of a SSW event.
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