
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: godfrey777@gmail.com, g.ojerheghan@kw-irs.com; 
 
 
 

International Astronomy and Astrophysics Research 
Journal 
 
2(4): 30-47, 2020; Article no.IAARJ.62999 
 
 

 

 

Determination of Magnetic Reconnections in a Low 
and a High Activity Year 

 
G. I. Ojerheghan1* and I. A. Adimula1 

 
1Department of Physics, Faculty of Physical Sciences, University of Ilorin, Nigeria. 

 
Authors’ contributions 

 
This work was carried out in collaboration between both authors. Author GIO designed the study, 

performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript. Author 
IAA managed the analyses of the study and managed the literature searches. Both authors read and 

approved the final manuscript. 
 

Article Information 
 

Editor(s): 
(1) Dr. Magdy Rabie Soliman Sanad, National Research Institute of Astronomy and Geophysics, Egypt.  

(2) Dr. Hadia Hassan Selim, National Research Institute of Astronomy and Geophysics, Egypt. 
Reviewers: 

(1) Gnabahou Doua Allain, Norbert Zongo University, Burkina Faso. 
(2) Alan Prestes, Universidade do Vale do Paraíba (UNIVAP), Brazil. 

(3) Rami Ahmad El-Nabulsi, Athens Institute for Education and Research, Greece. 
(4) Dung Nguyen Trong, Duy Tan University, Vietnam. 

(5) Manuel Malaver de la Fuente, Maritime University of the Caribbean, Venezuela. 
Complete Peer review History: http://www.sdiarticle4.com/review-history/62999 

 
 
 
 

Received 27 October 2020  
Accepted 30 December 2020 

Published 31 December 2020 

 
 

ABSTRACT 
 

When there is a temporary disturbance of earth’s magnetosphere, then a geomagnetic storm (or 
solar storm) has occurred. It is caused by a solar wind shock wave and/or cloud of a magnetic field 
that interacts with the Earth's magnetic fields. The interaction of Interplanetary Magnetic Fields 
(IMF) of the sun [1] with the earth’s magnetic fields in opposite directions is known as magnetic 
reconnection. Magnetic reconnection (often referred as "reconnection") is the breaking 
and reconnecting of oppositely directed magnetic field lines in plasma at a neutral point which 
leads to converting the magnetic field energy into plasma kinetic and thermal energy. It occurs 
either in the day-time (day reconnection) where the sunward convection near the polar cusps 
allows energised particles to be transmitted earthward or night-time (tail reconnection) where 
particles are injected into the magnetosphere, thus releasing stored energy in the form of auroral 
substorms. A geostorm can be determined by changes in the Disturbance-storm time (Dst) Sokolov 
[2]. However not all geomagnetic storms have an initial phase and not all sudden increases in Dst 
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or SYM-H are followed by a geomagnetic storm. This paper attempts to determine when the 
magnetic reconnection occurs in the solar cycle 24 considering a low activity year 2009 and a high 
activity year 2012. We analysed 39 and 202 geomagnetic storms in 2009 and 2012 respectively 
considering the Dst indices and IMF Bz values of each month obtained from the OMNIWeb 
database. Our results showed that storms were frequent and intense at high levels of solar activity 
due to the frequent occurrence of CMEs and ICMEs in the year 2012 than in the year 2009 which 
occurred in 10% and 45% of days in the year 2009 and 2012 respectively. This study also revealed 
that negative Bz occurrences were 47.54% and 52.18% of Bz occurrences in 2009 and 2012 
respectively. Thus, the more intense the geostorms, the more Bz would go south and the more 
magnetic reconnection and subsequently auroral substorms which can increase radiation doses for 
occupants of transpolar flights, disruption of shortwave radio communications, distortion 
of compass readings in polar regions, failure of electrical transmission lines, increased corrosion in 
long pipelines, anomalies in the operations of communications satellites, and potentially lethal 
doses of radiation for astronauts in interplanetary spacecraft. 
 

 
Keywords: Interplanetary magnetic fields; solar cycle 24; disrupt radio communications; magnetic 

reconnection; plasmoid. 
 

1. INTRODUCTION 
 
The disruption of electric power distribution grids, 
satellite operations, communication, navigation 
and a variety of socio-eco-technological losses 
are caused by adverse space conditions [3-9]. 
These conditions are results of magnetospheric 
reconnections both at the bow shock and 
magnetotail when the Bz component in the 
geocentric solar measurement (GSM) coordinate 
system of the interplanetary magnetic field (IMF) 
turns south. The near-earth magnetic cloud 
(plasmoid) formed after the magnetospheric 
reconnection, carries the amount of solar wind 
energy to be transferred to the earth’s 
magnetosphere. Gonzalez et al., (1994), Sugiura 
et al., (1991) and Sokolov [2] established that 
changes in the Disturbance-Storm Time (Dst) 
index can be used to define a geomagnetic 
storm. The Dst index evaluates the globally 
averaged change of the horizontal component 
(one-minute SYM-H component) of the magnetic 
field of the earth at the magnetic equator based 
on measurements from a few magnetometer 
ground stations. The Dst index is calculated once 
per hour and conveyed in near-real-time. The 
values of Dst during quiet times range from +20 
to −20 nano-Tesla (nT). Gonzalez et al., (1994) 
further stated that there are three phases in a 
geomagnetic storm which are initial, main and 
recovery phases. The initial phase often referred 
to as storm sudden commencement (SSC) is 
trademarked by Dst with values from -20 to -
50 nT occurring in tens of minutes. Conversely, 
not all geomagnetic storms have an initial phase 
and not all sudden increases in Dst or SYM-H 
are followed by a geomagnetic storm. The Dst 
values in the main phase of a geomagnetic storm 

begin from −50 nT with a duration of 2 – 8 hours. 
Anyway, the selection of −50 nT to define a 
storm is rather arbitrary. The minimum value of 
Dst during a storm is between −50 and 
approximately −600 nT. During the recovery 
phase, the values of Dst changes from its 
minimum value to its quiet time value which does 
last from 8 hours to 7 days. Cander et al., (1998) 
stipulated that during the main phase, the size of 
a geomagnetic storm is classified as moderate 
(−50 nT > minimum of Dst > −100 nT), intense 
(−100 nT > minimum Dst > −250 nT) or super-
storm (minimum of Dst < −250 nT).  
 
The intense southward IMF Bz is associated with 
two types of origins [10]. The first type has an 
intrinsic solar origin. The southward IMF Bz 
events are just a part of the internal magnetic 
field in the ejected plasmas from the Sun. These 
ejected plasmas may be identified as one of the 
solar eruptive phenomena: Coronal Mass 
Emission (CME), flare ejecta, eruptive filament or 
prominence, etc., which all may be called 
"ejecta" [11,12]. The ejecta does not imply a 
particular shape or magnetic topology nor refer to 
a solar region. The term "ejecta" applies to any 
parcel of the solar wind with "unusual" 
characteristics that result from a transient solar 
event. The other type of source has an 
interplanetary origin. Several physical processes 
in the solar wind have been suggested to 
generate the southward IMF Bz events. The 
draped interplanetary magnetic field [13], kinky 
heliospheric current sheets [14-16] and 
compressions of plasma and magnetic field 
fluctuations in the corotating interaction regions 
[17] are examples of this type. The temporal 
evolution of Alfven intermittent turbulence in the 



corotating interaction region may become 
unstable and generate large IMF Bz 
 
Although the source or the origins of southward 
IMF Bz still need further investigation, 
quantitative prediction of southward IMF Bz has 
been attempted [19-21]. The intense IMF Bz 
inside a magnetic cloud (or driver gas) are solar 
source originated and that outside a magnetic 
cloud is mainly caused by IMF draping an
compression [22]. This paper attempts to 
determine the magnetospheric reconnection 
which precedes the occurrence of geomagnetic 
storms whether it be SSC, moderate or intense.
 
Magnetism plays one of the most significant roles 
in determining the interactions between the solar 
wind and the earth. In addition to carrying solar 
particles away from the Sun, the solar wind 
blows the magnetic field of the Sun out to the 
rest of the solar system. The Sun’s extended 
magnetic field is called the interplane
magnetic field (IMF) which interacts with the 
region of space around the earth's 
magnetosphere [23]. Typical magnets can attract 
or repel depending on how they are lined up to 
one another. Interactions between the IMF 
carried by the solar wind and ear
magnetosphere are similarly dependent on how 
the directions of their magnetic field lines line up 
relative to each other. The IMF is a vector 
quantity with a three-axis component, two of 
which (Bx and By) are orientated parallel to the 
ecliptic which is not important for auroral activity. 
The third component, the Bz value is 
perpendicular to the ecliptic and is created by 
waves and other disturbances in the solar wind 
as shown in Fig. 1 below. 
 

 
Fig. 1. The connection between the IMF and 

the earth's magnetosphere
Source: NASA 

 
The magnetic field strength, in general, is 
denoted as B, and Bz refers to the strength of the 
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region of space around the earth's 

. Typical magnets can attract 
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one another. Interactions between the IMF 
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magnetosphere are similarly dependent on how 
the directions of their magnetic field lines line up 

The IMF is a vector 
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which (Bx and By) are orientated parallel to the 
is not important for auroral activity. 

The third component, the Bz value is 
perpendicular to the ecliptic and is created by 
waves and other disturbances in the solar wind 

 

The connection between the IMF and 
the earth's magnetosphere 

The magnetic field strength, in general, is 
denoted as B, and Bz refers to the strength of the 

magnetic field in the north-south direction. If the 
Bz of the Coronal Mass Ejection (
northward (recorded as positive values in the 
ACE data) then the IMF lines are pointing in the 
same direction as earth’s magnetic field lines. As 
a result, the interaction between the two sets of 
field lines is minimal and auroral activity is also 
minimal. If the Bz is southward (recorded as 
negative values in the ACE data), then the IMF 
field lines are pointing in the opposite direction as 
earth’s magnetic field lines. When this alignment 
occurs, it allows for the reconfiguration of earth’s 
magnetic field lines by an energy transfer 
process called magnetic reconnection. 
Southward Bz acts in such a way to “peel” the 
magnetic field lines from the sun-
magnetosphere and layer them on the night
in the magnetosphere’s long tail. A la
southward Bz value allows for a more effective 
energy transfer from the sun’s magnetic field 
lines to the earth’s and this creates a more 
vibrant aurora. The magnetic field of the sun 
doesn't stay around the sun itself. The solar wind 
carries it through the solar system until it reaches 
the heliopause. The heliopause is the place 
where the solar wind comes to a stop and where 
it collides with the interstellar medium. Because 
the Sun turns around her axis (once in about 25 
days) the interplanetary magnetic field has a 
spiral shape which is called the Parker Spiral
This classical Archimedean spiral describes the 
rotating sun, coupled with its continual radial 
ejection of plasma as it twists its magnetic field 
(which is referred to as the interplanetary 
magnetic field) [24-27] as depicted in Fig
below. 
 

 
Fig. 2. The Parker Spiral
Source: Potemra, 1983[24]

 
The years under consideration in this study lie in 
solar cycle (SC) 24 as depicted in Fig
where 2009 is at the minima and 2012 is at the 
first maxima as shown by the black arrows.
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Fig. 2. The Parker Spiral 
[24] 

The years under consideration in this study lie in 
solar cycle (SC) 24 as depicted in Fig. 3 below 
where 2009 is at the minima and 2012 is at the 
first maxima as shown by the black arrows. 
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Fig. 3. Solar cycles 23 and 24 
Source: www.solen.info 

 
During solar minimum, the sun’s magnetic field 
and the earth's magnetic field are similar. It looks 
a bit like an ordinary bar magnet with closed lines 
close to the equator and open field lines near the 
poles. Scientist call those areas a dipole. The 
dipole field of the sun is about as strong as a 
magnet on a refrigerator (around 50 gauss). The 
magnetic field of the earth is about 100 times 
weaker. 

 
Around solar maximum, when the sun reaches 
her maximum activity, many sunspots are visible 
on the visible solar disk. These sunspots are 
filled with magnetism and large magnetic field 
lines which run material along with them. These 
field lines are often hundreds of times stronger 
than the surrounding dipole. This causes the 
magnetic field around the sun to be a very 
complex magnetic field with many disturbed field 
lines. 

 
Yihua [28] described how storms occur in phases 
during solar maximum and minimum as depicted 
in Fig. 4 below. He reveals that during solar 
maximums, the initial phases exist in a short 
time, the main phases exist in a shorter time 
while the recovery phases stay longer. During 
solar minimum, the initial and main phases exist 
longer than the solar maximum. The depths in 
the main phase are longer in solar maximum 
than in solar minimum. More energized particles 
are released during solar maximum than the 
solar minimum, thus the recovery                           
phase in a solar minimum is faster than in solar 
maximum. 

 
 

Fig. 4. The behaviour of Dst during solar 
maximum and minimum 

Source: Yihua, 2014 [28] 

 
2. THE MAGNETIC RECONNECTION 
 
The north-south direction of the IMF Bz is the 
most important ingredient for auroral activity. 
When it is orientated southward, it will connect 
with Earth's magnetosphere which points 
northward. An ordinary bar magnet is known for 
its two opposite poles to attract each other. With 
a southward Bz, solar wind particles have a 
much easier time entering our magnetosphere. 
Thereafter, they are guided into the atmosphere 
by earth's magnetic field lines where they collide 
with the oxygen and nitrogen atoms that make up 
the atmosphere, which in turn causes them to 
glow and emit light. When a neutral point 



develops, magnetic reconnection occurs. During 
the southward Bz, there are two neutral points, 
one at the bow shock (dayside) and the other at 
the magnetotail (nightside) as shown in Fig
below. 
 

 

Fig. 5. The neutral points N when IMF Bz
southward 

Source: Yihua, 2014 [28]
 

The dayside neutral point is due to the direct 
contact of the solar wind with the bow shock 
while night side neutral point is due to the 
dissipation of compressed energies stored in the 
magnetotail about 10RE away. The arrows after 
the reconnections describe how the dissipated 
energy travels sunward (dayside) and earthward 
(night side). Being a cavity mode in the 
plasmapause, the night side reconnections 
predicts more of the occurrence of Pi2 pulsations 
than the dayside phenomena.  
 
When Bz is northward, there are two neutral 
points as well. They occur at the nightside when 
the compressed plasma sheet touches the north 
and south lobes of the magnetotail as described 
in Fig. 6 below. 

 

 
Fig. 6. The neutral points N when IMF Bz is 

northward 
Source: Yihua, 2014 [28]

 
Magnetospheric reconnection is simply a process 
whereby magnetic field lines from different 
magnetic domains meet at a neutral point, then 
split apart and re-aligned itself 
overall topology of the magnetic field. There are 
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develops, magnetic reconnection occurs. During 
the southward Bz, there are two neutral points, 
one at the bow shock (dayside) and the other at 
the magnetotail (nightside) as shown in Fig. 5 
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dissipation of compressed energies stored in the 

he arrows after 
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plasmapause, the night side reconnections 
predicts more of the occurrence of Pi2 pulsations 

When Bz is northward, there are two neutral 
points as well. They occur at the nightside when 
the compressed plasma sheet touches the north 

gnetotail as described 

 

The neutral points N when IMF Bz is 

] 

Magnetospheric reconnection is simply a process 
whereby magnetic field lines from different 
magnetic domains meet at a neutral point, then 

 changing the 
overall topology of the magnetic field. There are 

three stages for a magnetospheric reconnection 
to occur. 
 

2.1 The Initial Stage 
 
At this stage the two closest magnetic fields from 
the upper (north field) and lower (south field) 
lobes of the magnetotail to the outermost dipole 
field line of the plasma sheet in the plasmapause 
seem parallel to each other as shown in Fig
below. The red field is the north field while the 
black field is the south field. 
 

 
Fig. 7. The direction of magnetic field lines 

during the initial stage of magnetic 
reconnection 

 

2.2 The Reconnecting Stage 
 

The two closest magnetic fields from the upper 
and lower lobes of the magnetotail
outermost dipole field line of the plasma sheet in 
the plasmapause seem to touch each other, 
spliced themselves and reconnect again as 
shown in Fig. 8 below. 
 

 
 
 
 
 
 
 
 
 

Fig. 8. The direction of magnetic field lines 
during the reconnecting stage of magnetic 

reconnection 
 

2.3 The Final Stage 
 

Here the two reconnected magnetic fields 
change their orientation to a vertical position as 
shown in Fig. 9 below. At this final stage, the 
lobe field lines of the magnetopause changes to 
the dipole field lines of the plasmapause, 
allowing the formation of plasmoids which diffuse 
earthwards or into outer space depending on 
where it is formed. 
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Fig. 9. The direction of magnetic field lines during the final stage of magnetic reconnection 

 
3. DATA USED 
 
The data for this study were obtained from the 
database in the World Data Center and 
OMNIWeb. The plots of Bz, Solar Wind plasma 
speed and Dst index were obtained from 
https://omniweb.gsfc.nasa.gov/form/dx1.html, the 
plots of Bz against solar wind speed was 
obtained from 
https://omniweb.gsfc.nasa.gov/form/om_scat_mi
n.html and Dst indices for each month in 2009 
and 2012 were obtained from 
http://wdc.kugi.kyoto-
u.ac.jp/dst_final/yyyymm/index.html (where 
yyyymm represent 200901 for example). We 
considered all the months in 2009 (a low activity 
year) and all the months in 2012 (a high activity 
year). 
 
4. RESULTS AND DISCUSSIONS 
 
In this paper, we shall analyse the Bz, Dst 
indices and solar wind speed of each month in 
2009 and 2012 to establish the determinants of 
the magnetic reconnection. 

 
4.1 The Bz Factor 
 
The H-component of the earth’s magnetic field is 
an important concept because its magnitude is 
equal to the total field intensity at the point of 
magnetic reconnection. The True North (X) and 
True East (Y) fields are revolved by the Magnetic 
North (H) at a declination angle (D) to X as 
shown in Figure 10 below. Thus, H is the total 
horizontal component of X and Y. 

 
The Z-component is the total vertical component 
of the earth’s magnetic field. The F-component is 
the total intensity of total horizontal intensity (H) 
and total vertical intensity (Z) at an inclination 
angle (I) to H.  

 
 

Fig. 10. The elements of earth’s magnetic 
field 

Source: 
http://roma2.rm.ingv.it/en/research_areas/1/earth-

s_magnetic_field/8/elements 
_of_the_geomagnetic_field 

 

Mathematically,  
 
 
 

where BZ is the vertical magnetic field B and BH 
is the horizontal magnetic field B 
 

We know that    
 

Thus, 
 

 
 
 
 
 
 

When, 
 

                    then 
 

This shows that an analysis of the H-component 
of the earth’s magnetic field is a robust analysis 
of the whole magnetic field B at a point. The 
higher the value of B, the better it is for enhanced 
geomagnetic conditions. For a moderately strong 
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field, B should exceed 10nT; for a strong field, B 
should begin at 20nT and for a very strong field, 
B should exceed 30nT. The Interplanetary 
Magnetic Field (IMF) B is a vector with a three
axis component, two of which (Bx and By) are 
orientated parallel to the ecliptic. The Bx and By 
components are not important for auroral activity 
but the third component, the Bz value is 
perpendicular to the ecliptic and is created by 
waves and other disturbances in the solar wind. 
Dst changes occurred every time the Bz 
component of IMF B turned negative [
Reconnection was first applied to 
magnetospheric physics by Dungey [
key ingredient of his alternative theory of 
convection. He proposed that an X
point (or line) at the front of the magnetosphere 
enabled terrestrial field lines to link up with 
interplanetary ones and produce “open” field 
lines, with one end on earth and the other in 
distant space.  
 

During southward IMF, storms (invariably 
substorms) are less frequent in the year 2009 
than in the year 2012 as seen in Tables 1 and 2 
below. In the year 2012 which is a high activity 
period, the polar caps with open field lines are 
fairly large and display a well-defined 2
convection pattern and auroral currents are 
steady and strong. Thus, there is more 
reconnection in 2012 than in 2009. The 
magnetosphere is quieter during the northward 
IMF as the polar caps shrinks and their electric 
field weakens. Burton et al., [31] reiterate that 
when Bz is southward, the increased magnitudes 

Table 1. Number of monthly occurrence of 

*Average Annual Maxima and Minima of Bz

Ojerheghan and Adimula; IAARJ, 2(4): 30-47, 2020; Article no.

 
36 

 

ould exceed 10nT; for a strong field, B 
should begin at 20nT and for a very strong field, 

The Interplanetary 
Magnetic Field (IMF) B is a vector with a three-
axis component, two of which (Bx and By) are 

tic. The Bx and By 
components are not important for auroral activity 
but the third component, the Bz value is 
perpendicular to the ecliptic and is created by 
waves and other disturbances in the solar wind. 
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f IMF B turned negative [29]. 
Reconnection was first applied to 
magnetospheric physics by Dungey [30], as a 
key ingredient of his alternative theory of 
convection. He proposed that an X-type neutral 
point (or line) at the front of the magnetosphere 

terrestrial field lines to link up with 
interplanetary ones and produce “open” field 
lines, with one end on earth and the other in 

During southward IMF, storms (invariably 
substorms) are less frequent in the year 2009 

2 as seen in Tables 1 and 2 
below. In the year 2012 which is a high activity 
period, the polar caps with open field lines are 

defined 2-cell 
convection pattern and auroral currents are 
steady and strong. Thus, there is more magnetic 
reconnection in 2012 than in 2009. The 
magnetosphere is quieter during the northward 
IMF as the polar caps shrinks and their electric 

] reiterate that 
when Bz is southward, the increased magnitudes 

of the solar wind are correlated with the 
increased activity. 
 

From Table 1 below, Bz went south during 
192,707 events which make 47.54% of the total 
of 405,327 Bz events in the year 2009. It has its 
highest minima of -17.15 in July and an annual 
minima average of -11.17 in the year 2009. The 
magnetic reconnection in 2009 is minima due to 
low negative Bz events. 
 

As shown in Table 2 below, out of 402,052 Bz 
events in the year 2012, Bz went south during 
209,806 events which make 52.18%. It has its 
highest minima of -27.36 in January and an 
annual minima average of -18.12 in the year 
2012.  The magnetic reconnection in 2012 is 
maxima due to higher negative Bz events.
 

4.2 The Dst Index Factor  
 
The classifications of the storms are charted in 
Table 3 below based on the obtained Dst index 
data for the year 2009. The plots for the monthly 
Dst (final) is also shown in Fig. 11(a
 
We discovered that there were 38 SSC (initial 
phase) all through the months except December 
in the year 2009 which occurred in 38 days of the 
year which is 10% of the 365 days in the year 
2009. Being a low activity year, it is expected that 
there should more quiet times than storm times. 
There was only one moderate storm recorded in 
the year 2009 which occurred on the 22 July. 
There was no intense storm at all. 

 

Number of monthly occurrence of Bz in the year 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Average Annual Maxima and Minima of Bz 
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209,806 events which make 52.18%. It has its 
27.36 in January and an 

18.12 in the year 
2012.  The magnetic reconnection in 2012 is 
maxima due to higher negative Bz events. 

The classifications of the storms are charted in 
Table 3 below based on the obtained Dst index 
data for the year 2009. The plots for the monthly 

so shown in Fig. 11(a-l). 

We discovered that there were 38 SSC (initial 
rough the months except December 

in the year 2009 which occurred in 38 days of the 
year which is 10% of the 365 days in the year 
2009. Being a low activity year, it is expected that 
there should more quiet times than storm times. 

e storm recorded in 
the year 2009 which occurred on the 22 July. 
There was no intense storm at all.  



Table 2. Number of monthly occurrence of Bz in the year 2012

*Average Annual Maxima and Minima of Bz

Table 3. The classification 
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Fig. 11(a – l). Plots of the Dst final for all the months in the year 2009 
Source: WDC for Geomagnetism, Kyoto 
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Table 4. The classification 

 

The asterisk sign * indicates a pure storm day where only one phase of the storm occurred without including 
other phases of storms as stated in this paper. In this case, 

days of moderate storms. Unlike 9 March 2012, which is an impure 
commencement, moderate and intense storms occurred.

 
In the year 2012, it was discovered that there 
were 163 events of SSC (initial phase of 
geostorm), 39 events of moderate storms and 1 
event of an intense storm. Out of the 366 days in 
the year 2012, magnetic storms were recorded in 
165 days which is 45% of the occurrence of 
storms in the year. It was also observed that 
December was quiet. However, there were two 
pure days where only one phase of the storm 
occurred all through, the days were 10 March 
and 24 April in which only moderate storms 
occurred. There were occurrences of both SSCs 
and moderate storms in all the months in the 
year 2012 except in May, August and December 
as shown in Table 4 above and the plots of Dst in 
Fig 12(a – l). 
 
Generally, there were more storms in the year 
2012 than in the year 2009. In comparison with 
their phases of storm, Tables 5 and 6 have 
shown that the number of storms in their initial 
phases was more in the year 2012 than in the 
year 2009. As shown in Figures 13 and 14, the 
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The asterisk sign * indicates a pure storm day where only one phase of the storm occurred without including 
in this paper. In this case, 10 March 2012 and 24 April 2012 are pure 

days of moderate storms. Unlike 9 March 2012, which is an impure storm day where sudden storm 
commencement, moderate and intense storms occurred. 

In the year 2012, it was discovered that there 
were 163 events of SSC (initial phase of 

rm), 39 events of moderate storms and 1 
event of an intense storm. Out of the 366 days in 
the year 2012, magnetic storms were recorded in 
165 days which is 45% of the occurrence of 
storms in the year. It was also observed that 

there were two 
pure days where only one phase of the storm 
occurred all through, the days were 10 March 
and 24 April in which only moderate storms 
occurred. There were occurrences of both SSCs 
and moderate storms in all the months in the 

n May, August and December 
e and the plots of Dst in 

Generally, there were more storms in the year 
2012 than in the year 2009. In comparison with 
their phases of storm, Tables 5 and 6 have 

orms in their initial 
phases was more in the year 2012 than in the 
year 2009. As shown in Figures 13 and 14, the 

peaks of storms in their initial phases (<
and moderate phases (<-100nT) occurred in 
March, July and October in the year 2012.
 
Zhang et al., [32] and Gopalswamy 
reiterated that storms are frequent and intense at 
high levels of solar activity due to the frequent 
occurrence of CMEs and ICMEs (interplanetary 
CMEs). According to Richardson 
[34], Tulasiram et al., 2010 [35] and Cramer 
al., 2013 [36], during solar minimum, the 
interaction of co-rotating interaction regions 
(CIRs) of solar origin with the magnetosphere 
produces weak recurrent storms as confirmed by 
this paper. At low activity year, there are low 
storms and otherwise. The global nature of the 
storm is indicated by the widespread distribution 
of the disturbance at all local times 
Moore T. E. et al., 2001 [37]. The disturbance is 
created by a westward current loop encircling the 
Earth, the so-called ring current. The disturbance 
enhances the total magnetic moment of the 
planet, inflating the inner magnetospheric field.
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The asterisk sign * indicates a pure storm day where only one phase of the storm occurred without including 
10 March 2012 and 24 April 2012 are pure storms 

day where sudden storm 

peaks of storms in their initial phases (<-50nT) 
100nT) occurred in 

March, July and October in the year 2012. 

] and Gopalswamy et al., [33] 
torms are frequent and intense at 

high levels of solar activity due to the frequent 
occurrence of CMEs and ICMEs (interplanetary 
CMEs). According to Richardson et al., 2001 

] and Cramer et 
uring solar minimum, the 
rotating interaction regions 

(CIRs) of solar origin with the magnetosphere 
produces weak recurrent storms as confirmed by 
this paper. At low activity year, there are low 

The global nature of the 
storm is indicated by the widespread distribution 
of the disturbance at all local times according to 

. The disturbance is 
created by a westward current loop encircling the 

. The disturbance 
enhances the total magnetic moment of the 
planet, inflating the inner magnetospheric field. 



Table 5. Number of SSC in 2009 and 2012
 

Table 6. Number of Moderate storms in 2009 and 2012
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Fig. 12(a – l). Plots of the Dst final for all the months in the year 2012 
Source: WDC for Geomagnetism, Kyoto 
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Fig. 13. Plots of SSC in 2009 and 2012 showing the peaks

Fig. 14. Plots of moderate storms in 2009 and 2012 showing the peaks
 

4.3 The Solar Wind Plasma Speed Factor
 

The solar wind speed can only be a determinant 
that supports magnetic reconnection if it 
enhances negative Bz either when it increases or 
reduces in magnitude. The solar wind has a part 
to play in the creation of neutral points because it 
is the main driving force of the convective 
plasma. Fairfield [38,39] discovered that the level 
of magnetospheric “storminess” and the energy 
transferred from the solar wind to the 
magnetosphere depended on the IMF Bz. The 
plots of Bz, solar wind plasma speed and Dst 
index for the year 2009 have shown visually that 
the solar wind plasma speed is not relevant in 
the determination of magnetic reconnection 
because the values of most Bz were positive at 
higher speeds as shown in Fig. 15(a) below. In a 
low activity year like 2009, even at a day of an 
intense storm like 22 July 2009 (Day 203), we 
found out that solar wind speed supports
Bz as shown in Fig. 15(b) below. To establish 
this assertion, the 1-minute resolution OMNI data 
set was used and it was discovered that higher 
solar wind speed, the more Bz becomes positive 
which in turns will lead to low magnetic 
reconnection. The positive correlation coefficient 
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Plots of SSC in 2009 and 2012 showing the peaks 
 

 
 

Plots of moderate storms in 2009 and 2012 showing the peaks

The Solar Wind Plasma Speed Factor 

The solar wind speed can only be a determinant 
that supports magnetic reconnection if it 

either when it increases or 
The solar wind has a part 

to play in the creation of neutral points because it 
is the main driving force of the convective 

] discovered that the level 
and the energy 

transferred from the solar wind to the 
magnetosphere depended on the IMF Bz. The 
plots of Bz, solar wind plasma speed and Dst 
index for the year 2009 have shown visually that 
the solar wind plasma speed is not relevant in 

of magnetic reconnection 
because the values of most Bz were positive at 

15(a) below. In a 
low activity year like 2009, even at a day of an 
intense storm like 22 July 2009 (Day 203), we 
found out that solar wind speed supports north 

15(b) below. To establish 
minute resolution OMNI data 

set was used and it was discovered that higher 
solar wind speed, the more Bz becomes positive 
which in turns will lead to low magnetic 

positive correlation coefficient 

of 0.44 suggests that as speed increases, the Bz 
is positive as shown in Fig. 15(c). 
 
The plots of Bz, solar winds and Dst
year 2012 have shown visually that the solar 
wind plasma speed is relevant in the 
determination of magnetic reconnection because 
the values of most Bz are negative at higher 
speeds as shown in Fig. 16(a) - 
establish this assertion, the Bz, SW plasma 
speed and Dst index of the Days 69 
March 2012) where an intense storm and a 
moderate storm occurred respectively were 
analysed. Slavin et al., [40] iterated that the 
International Sun – Earth Explorer (ISEE
also shown and Geotail has confirmed, that in 
the distant tail past about 100 RE, plasma flowed 
tail-wards at velocities that tended to increase 
with distance, up to where they about matched 
the velocity of the solar wind. This might be due 
to viscous transfer of plasma and momentum
but could also be the result of reconnection. 
Using the 1-minute resolution of the OMNI data 
set of Days 69 - 70, this paper has reaffirmed 
that one of the determinants for magnetic 
reconnection to occur in a high activity year is th
solar wind plasma speed. We can deduce from 
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of 0.44 suggests that as speed increases, the Bz 
 

The plots of Bz, solar winds and Dst index for the 
year 2012 have shown visually that the solar 
wind plasma speed is relevant in the 
determination of magnetic reconnection because 
the values of most Bz are negative at higher 

 (c) above. To 
ion, the Bz, SW plasma 

speed and Dst index of the Days 69 - 70 (9 - 10 
March 2012) where an intense storm and a 
moderate storm occurred respectively were 

] iterated that the 
Earth Explorer (ISEE-3) has 

hown and Geotail has confirmed, that in 
, plasma flowed 

wards at velocities that tended to increase 
with distance, up to where they about matched 
the velocity of the solar wind. This might be due 

f plasma and momentum, 
but could also be the result of reconnection. 

minute resolution of the OMNI data 
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that one of the determinants for magnetic 
reconnection to occur in a high activity year is the 
solar wind plasma speed. We can deduce from 
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Fig. 16(c) that the negative correlation coefficient 
of 0.53 affirms that as the solar wind speed 
increases, the values of Bz were negative which 
in turn will enhance magnetic reconnections. 
According to Burton et al., [31], the negative 

correlation between IMF Bz and speed proves 
that the more the speed, the more the IMF Bz 
goes southward especially during high activity                    
year.

 

 
 

Fig. 15. (a) Plots of Bz, Solar Wind plasma speed and Dst index for the year 2009, (b) plots of 
Bz, Solar Wind plasma speed and Dst index for the Day 203 (22 July 2009) and (c) plot of Bz 

against Solar wind plasma speed of the Day 203 

(b) 

(a) 

(c) 
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Fig. 16. (a) Plots of Bz, Solar Wind plasma speed and Dst index for the year 2012, (b) plots of 
Bz, Solar Wind plasma speed and Dst index for the Days 69 and 70 (9 – 10 March 2012) and (c) 

plot of Bz against Solar wind plasma speed of the Days 69 and 70 
 

5. CONCLUSION 
 
The determinants for magnetic reconnection in a 
low activity year 2009 and a high activity year 

2012 were examined using these geomagnetic 
parameters: Bz, Dst indices and solar wind 
plasma speeds. We identified 39/202 storms in 
the years 2009/2012 which include 38/163 

(a) 

(b) 

(c) 
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sudden storm commencement (−20 
< DstMin ≤ −50 nT), 1/39 moderate storms (−100 
< DstMin ≤ −50 nT), 0/1 intense storms 
(−250 < DstMin ≤ −100 nT). The storms occurred 
at 10% and 45% of the days in the years 2009 
and 2012 respectively. It was observed that there 
are more magnetic reconnections when Bz is 
negative in a high activity year than otherwise 
with the number of negative Bz occurrence as 
47.54% and 52.18% of Bz occurrences in 2009 
and 2012 respectively. The level of storminess is 
indicated the value of the Dst index. With more 
negative Dst index, we found out that there were 
more magnetic reconnections, especially in the 
high activity year. In December for both years, it 
was discovered that there were no storms. This 
could be attributed to the cold weather during the 
winter season in December generally. We 
deduced using a 1-minute resolution that, in a 
high activity year when solar wind speed is high, 
the Dst index will reduce and Bz will go south 
which will result in magnetic reconnection while 
in low activity year, even in a day of an intense 
storm, high solar wind speed does not support 
magnetic reconnection. The frequency of 
magnetic reconnection is higher during a high 
activity year than during a low activity year. Thus, 
negative Bz and Dst indices are major 
determinants of magnetic reconnection in either 
a low activity year or a high activity year while the 
solar wind plasma speed is a major determinant 
in a high activity year but not in a low activity 
year. 
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