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ABSTRACT 

In this study, we present and discuss the response of horizontal (H) component of the Earth magnetic field, 

longitudinal profile during the ionospheric disturbance dynamo (Ddyn) and the rate of magnetic field (dH/dt) 

during 24-25 October 2011 geomagnetic storm in the African and Asian sector. Results revealed that the solar 

variation SR and the typical H-field at both longitude sectors exhibit higher magnitudes at the equatorial region 

that the mid-latitudes.  At the time of SSC, the typical H-field exhibit higher magnitudes than the solar quiet 

variation SR across most of the latitudes in the African sector and only observable in the Asian sector at the mid-

latitude. The variation in the intensity of the SR and the typical H-field during the recovery phase is larger prior 

to the occurrence of the SSC. The difference could be attributed to the presence of the westward current that 

manifest as a difference in the typical H-field observed across all the latitudes. Higher rate of magnetic field 

(dH/dt) are obtain at the time of SSC in the African sector with Asian region exhibiting higher magnitudes 

during the main phase of the magnetic storm. Generally, both longitude sector show rate of change of magnetic 

field (dH/dt) during the recovery phase of the magnetic storm which are more noticeable in the African sector 

This implies that large dH/dt are not only associated to prompt penetration of the magnetospheric electric field 

(PPEFs) but can also be influenced by ionospheric disturbance dynamo (Ddyn) mechanism.  
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I. Introduction 
It is a well-known fact that current at an altitude range 90 and 120 km in the E-region of the ionosphere 

is responsible for most of the magnetic field variations at the ground surface. The current is believed to arise 

from dynamo mechanism [1] in the E-region of the ionosphere. In the absence of solar-terrestrial disturbances, 

the currents generated through the dynamo process is known as solar quiet or simply ‘Sq currents’ and their 

associated fields are solar quiet fields or regular solar daily field variations SR. There are times when the 

magnetic field exhibit irregular variations caused by different mechanisms such as magnetic storms, resulting to 

incredible intensification of auroral electrojets that severely alters the global thermospheric circulation. The 

severity of the disturbance depends on the intensity of the auroral electrojet which in turn depend on several 

factors that includes magnitude of the storm, local time and location of the station. During this process, two 

main physical forms of disturbances acting on a global scale have been identified: the direct prompt penetration 

of the magnetospheric convection electric field (PPEF), [2, 3] and the ionospheric disturbance dynamo process 

(Ddyn), [4]. The disturbance due to prompt penetration of magnetospheric convection electric field on a global 

scale simultaneously affects the high and low latitudes, [5]. Such magnetic disturbance process was later named 

disturbance polar 2 (DP2) current systems by [6]. Studies has shown that geomagnetic disturbances at low 

latitudes are due to prompt penetration of magnetospheric convection electric field which passes through the 

mid latitude and establish a connection between the high and low latitude region e.g [7, 9]. This influences the 

electric and magnetic fields at low and equatorial regions. The prompt penetration of magnetospheric convection 

http://www.questjournals.org/
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electric field are generated during the southward/northward turning of the interplanetary magnetic field (IMF) 

Bz e.g., [10] and is eastward (westward) during the daytime (night-time). Studies also revealed that the enormity 

of the magnetic storm at the America and Asian sectors causes the magnitude of the DP2 to be higher in these 

regions over the African sector, [11]. The disturbances in the electric field and current after the main phase of 

the storm at mid-latitude region are ascribed to ionospheric disturbance dynamo (Ddyn) process and manifest at 

the equatorial region as a decrease on the horizontal (H) component of the Earth magnetic field largely 

associated with westward current flow. 

 The (Ddyn) is westward (eastward) during the daytime (night-time) hours, [4]. The main signature of 

the (Ddyn) is that it exhibits an eastward current at mid latitude region and westward current at low latitude 

which is further enhanced with decrease in latitude, [11]. During magnetic storm, large rate of magnetic field 

(dH/dt) values are major cause of hazards to modern technological systems. Estimate of the dH/dt values 

provide emergency indices for geomagnetically induce currents (GICs) that poses potential threat to space borne 

and ground-based conductive infra-structure as well as electrical technological systems. Hence, geomagnetic 

disturbances may disrupt power transmission network. The scale and magnitude of the damage to a particular 

network system depends on several factors that include: coordinate system of the site, transmission resistance, 

topology etc. until now, most of the earlier studies on the ionospheric disturbance dynamo have been basically 

on the disturbed electric field. [12-16] the neutral wind characterization and simulation with models [4] only few 

works have been devoted to the identification of disturbance dynamo cases from magnetic field records. Such as 

the works of [11, 17-20] hence, knowledge on the disturbance dynamo mechanism and the rate of the magnetic 

field variations which serves as proxy to geomagnetically induce currents remain elusive. This study is set to 

reveal more morphological features of the Ddyn and the rate of magnetic field during this period so as to 

ascertain which of the region is at potential risk during times of ionospheric disturbance dynamo mechanism. 

 

II. Observation 

Figure 1 shows the index of variability of the interplanetary magnetic field (IMF) Bz, solar wind speed 

(Vx), interplanetary electric field (IEF), disturbance storm time (Dst), Kp index, Au and AL indices respectively. 

The storm originates from solar flare caused by coronal mass ejection (CME) that hits the Earth and compresses 

the magnetosphere resulting to sudden storm commencement (SSC) at 18:31 UT on 24 th October 2011  marked 

by a red vertical line as shown in Figure 1 (panel 1a).  
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Figure 1  Variations of solar wind parameters on 24-26 October 2011 (a) the Bz component of the interplanetary 

magnetic field, (b) Vx component of the solar wind, (c) interplanetary electric field (IEF), (d) Dst index, (e) Kp 

index (f) AU (blue) and AL (black) indices. 

 

The initial phase of the storm is marked by a weak southward turning of the (IMF) Bz indicating transfer of 

energy particles and impulses from solar wind towards the magnetosphere [21, 22]. During the initial phase of 

the storm, the (IMF) Bz in Figure 1 (panel a) turned northward at 20:00 UT on 24 October 2011 and thereafter it 
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sharply turned southward with a continuous decrease to reach its minimum value -18 nT at 01:00 UT seen on 

25 October 2011. The northward turning of (IMF) Bz during the initial phase is accompanied by a positive 

enhancement of Dst index (panel d) which depict the extent of magnetospheric currents, [2]. The minimum Dst 

value -150 nT is seen at 02:30 UT on 25 October 2011 shortly after the minimum (IMF) Bz indication of the 

magnitude of the magnetospheric current. The interplanetary electric field (IEF) in panel c shows a weak 

northward magnitude on 24 October 2011 at 18:31 UT with peak value 2.0 mV/m at 20:00 UT. This positive 

value dropped to a minimum value -4 mV/m at 22:00 UT in total response to the fluctuation of the (IMF) Bz. 

Maximum positive value of IEF (8 mV/m) occurred around 01:00 UT on 25 October 2011 during the main 

phase of the storm as depicted by (IMF) Bz.  The solar wind speed (Vx) in Figure 1 (panel b) is seen to increase 

from 320 km/sec to about 520 km/sec in response to the southward turning of the (IMF) Bz.  The speed Vx is 

seen to decrease continuously to  420 Km/sec at 17:00 UT and suddenly increase to 540 Km/sec more than the 

speed Vx during the initial phase. During the initial phase of the storm, the Kp index (panel e) is about 55 nT 

and this suddenly increase to  75 nT in response to the southward (IMF) Bz during the main phase indication 

of a moderate storm. The Kp index shown in Figure 1 (panel e) is also seen to gradually decreases to its 

minimum value 5 nT at 22:00 UT on 25 October 2011 and fluctuate between 5 and 10 nT through 26 October 

2011. The AU and AL indices depict the eastward and westward auroral electrojet currents increase in response 

to the Joule heating in the auroral zone. Prior to the initial phase of the storm, there were no significant 

variations in the auroral elctrojet. The occurrence of SSC causes variations of the AU and AL with maximum 

eastward flow value 420 nT which correspond to a stronger and oppositely directed (westward) flow with 

magnitude -600 nT observed during the main phase of the storm as shown in Figure 1 (panel f). Variations in 

AU and AL were also seen during the recovery phase of the storm till 16:00 UT on 25 October 2011, thereafter 

normal variation is restored. 

 

III. Materials and Methods 
2.1 Data Selection and Analysis 

The magnetic field records used to achieve the set objective of this work were obtained from the 

International Real-time Magnetic Observatory Network (INTERMAGNET) and Magnetic Data Acquisition 

System (MAGDAS) network. The INTERMAGNET and ground-based magnetometer fluxgate of MAGDAS 

provides one minute values of the Horizontal (H), Declination (D) and Vertical (Z) component of the Earth’s 

magnetic field. However, only the horizontal (H) component of the Earth’s main field for 24-25 October, 2011 

geomagnetic storm and the average of Five (5) most quiet days before the storm were utilized in the study. The 

names, locations and magnetic coordinates of the stations used in the study are given in table 1. The days used 

for the regular solar variation SR were selected based on the magnetic activity Kp ≤ ±3 downloaded from http:// 

dx. doi. org/10.1029/JA084iA10p05797 The regular solar variation SR (quiet reference days) is computed by 

taking average of five most quiet days in the month for each station under investigation.  

              

Table 1 Geomagnetic coordinates of the Magnetic observatories used in the study 

        

             Geographic         geomagnetic 

Code         Name Latitude Longitude 
  

Latitude Longitude 

       African Sector       

AAB Addis Ababa 9.04 38.77  0.18 110.47 

ASC Ascension Island -7.59 345.62  -2.81 14.36 

MBO M’ Bour  14.38 307.27  4.15 14.36 

KRT Khartoum  15.33 32.32  5.69 103.8 

NAB Nairobi  -1.16 36.48  -10.65 108.18 

TAM Tamanrasset 22.79 5.53  13.18 79.7 

TSU Tsumeb  -19.202 17.584  -18.8 17.73 

        

          Asian Sector       

TIR Tirunelveli 8.7 77.8  0.21 149.3 

YAP Yap Island 9.5 138.08  1.49 209.06 

CEB Cebu  10.36 123.91  2.53 195.06 



Longitudinal Variations of Geomagnetic Field and their Time Derivatives during .. 

DOI: 10.35629/9459-12050616                                  www.questjournals.org                                           9 | Page 

GUA Guam  13.59 144.7  5.53 144.7 

JAI Jaipur  26.92 75.8  18.35 75.79 

KPG Kupang  -10.2 123.4  -19.58 194.96 

KDU Kakadu   -12.69 132.47   -21.99 -155.22 

 

In a bid to estimate the ionospheric disturbance dynamo (Ddyn) we analyze some of the solar wind basic 

parameters such as interplanetary magnetic field (IMF) Bz which indicate transfer of energy from the solar wind 

towards the magnetosphere resulting in significant disturbances to the Earth’s terrestrial magnetic field. 

Disturbance storm time (Dst) depict the extent of ring and tail currents caused by magnetospheric disturbances 

which manifest as a decrease on the horizontal component of the Earth’s magnetic field. The negative value of 

Dst index implies the presence of ring current or both ring and tail currents. The solar wind speed Vx gives 

estimated amplitudes of the extent of disturbances on solar wind emitted by the sun. The AU and AL are indices 

which give the measure the eastward and westward auroral electrojet activity. All these solar wind parameters 

that reveal the characteristic features of the geomagnetic storm were obtained from 

http://omniweb.gsfc.nasa.gov/form/dx1.html. We also analyzed the horizontal (H) component of the Earth’s 

magnetic field across various latitudes sectors in the Africa and Asian regions. During the recovery phase when 

auroral activity is weak (<100 nT), the ionospheric disturbance dynamo (Ddyn) mechanism as well as the 

magnetospheric processes are still active creating Ddyn and ring current (DR) responsible for magnetic 

disturbances. The relationship between these disturbances with the horizontal (H) component of the Earth’s 

magnetic field is given as;  

 

                                                                                                                       (1) 

 

Where SR is the regular solar variation,  is the geomagnetic latitude of the station. ∆H is the horizontal 

component of the Earth’s magnetic field.  SR is used in our study as an average of the five quietest days with Kp 

≤ ±3 before the occurrence of magnetic storm and serve as a reference level to depict the extent of deviation of 

the magnetic field during and after the magnetic storm. 

 

IV. Results 

In this paper, we analyzed the behavior of the magnetic field triggered by a geomagnetic storm that 

occurred on 24 October, 2011 in the Africa and Asian sectors. This is necessary because for each magnetic 

storm, the ionospheric disturbance dynamo exhibit unique features that differ from one magnetic storm to the 

other. It is only through series of case identification of ionospheric disturbances that will give us a better 

understanding of the ionospheric behavior and the physical mechanisms involved during the ionospheric 

disturbance dynamo which is of uttermost importance during the ionosphere-thermosphere disturbances, GNSS 

and other communication satellites which are liable to suffer from a number of effects including loss of data, 

disruption of satellites links, and reduction in the number of available satellites for navigation and positioning 

[23].  

Figure 2 shows the index of variability of the H-field superimposed on the regular solar variation SR 

(quiet reference H level) against the universal time over the African sector. The blue line represents the regular 

solar variation (SR) and the black line is the typical H-field. It is obvious from Figure 2 that both SR and the 

typical H-field exhibit similar occurring pattern that are almost equal in magnitude before the SSC. Similar 

variation pattern are also observed a day after the magnetic storm (26 October, 2011) but on this day, the 

difference in magnitude between the SR and typical H-field is too wide relative to a day before the magnetic 

storm. This implies that in the absence of any significant magnetic disturbances, the typical H-field and SR 

exhibit a regular occurring pattern that are similar both in phase and intensity. The SR and H-fields both reach 

their peak almost the same time but appeared earlier (08:00 UT) at AAB then at later time in other latitudes. We 

clearly observe that at the time of the SSC 18:31 UT on 24th October, 2011, all the stations respond to the direct 

prompt penetration of the magnetospheres’ convection electric field (PPEF). In the African sector, all the 

stations northward to the magnetic dip equator (see table 1) exhibit positive regular solar variation SR. Similar 

positive variation is also seen at the southern hemisphere. The SR and typical H-field before and after the 

magnetic storm at AAB closer to the magnetic equator are consistently higher than other stations. Their greater 

magnitudes reflect direct effect of strong presence of the daytime equatorial electrojet current [24]. The typical 

H-field is seen to respond to the northward enhancement of the (IMF) Bz during the time of SSC 18:31 UT on 

24 October 2011. 

http://omniweb.gsfc.nasa.gov/form/dx1.html
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Figure 2 Superimposition of regular solar variation SR (estimated from the quietest days of H values with Kp ≤ 

+3) and the typical H-field values for each station plotted with universal time from 24-26 October 2011 in the 

African sector.  

This higher SR variation at the equatorial region during daytime resulted from cowling conductivity 

effect at the equatorial altitude with maximum intensity during the daytime.  After the magnetic storm, normal 

SR does not occur at the same UT hour across the latitudes, rather it occurs 3 hours earlier at AAB. The SSC 

associated with the compressional state of the magnetosphere and the subsequent transmission of charged 

particles towards the Earth’s surface from the magnetosphere is marked by a sudden impulse at 18:31 UT on 24 

October 2011 across all the latitudes followed by a southward disturbance seen also in all the stations which is 

more noticeable at AAB as shown in Figure 2 (panel d). The severity of the disturbance is weak at low latitude 

stations (KRT and NAB), as depicted in Figure 2 (panels b and f) then increases afterwards with geomagnetic 

latitude indication of moving towards its source.  

The main phase of the magnetic storm is marked by a step-wise decrease, indication of the westward 

current flow pattern with minimum peak intensity on 25 October 2011 across all latitudes as depicted by the Dst 

index in Figure 1 (panel d). The recovery phase shows a gradual variable pattern which is more noticeable at 

AAB as illustrated in Figure 2. For example, a depression in typical H-field is seen between 08:00-12:00 UT on 

25 October 2011 (see Figure 2) simultaneously marked by reduction in IEF and Dst index shown in Figure 1 

(panels c and d). The cowling effect which resides at the magnetic equator causes the equatorial electrojet (EEJ) 

to respond to the fluctuations of the solar wind parameters shown in Figure 1. This southward disturbance of the 

typical H-field during the recovery phase exhibit signature of the ionospheric disturbance dynamo Ddyn that is 

mainly dominant during the recovery phase of a magnetic storm. The response of the typical H-field after the 

magnetic storm shows a decrease in amplitude with respect to SR. The difference in the peak amplitude is larger 

in AAB with value up to 45 nT around 08:00 UT on the 26 October 2011. Other stations also show similar 

difference with less magnitude compared to the one seen at AAB. This difference is as a result of westward 

current (ring current) superimposed on the eastward current and manifest as a decrease in typical H-field 

observed across all latitudes.  
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Figure 3 Superimposition of regular solar variation SR (estimated from the quietest days of H values with 

Kp≤+3) and the typical H-field values for each station plotted with universal time from 24-26 October 2011 in 

the Asian sector. 

As seen in Figure 3, the response of the typical H-field at the equatorial stations during the SSC in 

relation to the regular solar variation SR is similar to the African sector. The daytime SR is conspicuously seen to 

be higher than the SSC at the equatorial stations (JAI and KDU) and reverse is the case at other latitudes stations 

as shown in Figure 3. At the time of the SSC (18:31 UT) both longitudes (Asia and Africa) sector are in the 

local dusk-dawn sector characterized with a weak E-region conductivity, hence we assert that there could be 

injection of other mechanisms that enhanced the SR more than the magnitude of the Chapman-Ferraro current 

associated with the SSC. After storm main phase, the typical H-field steadily recovers that appears faster at TIR 

and YAP latitudes and slower at other latitudes which demonstrates evidence of longitudinal variations in 

geomagnetic activity. Just like the African sector, the difference in the magnitude of the SR and typical H-field 

are larger during the recovery phase prior to the occurrence of the SSC in the Asian sector. This again justifies 

the effect of the westward current generated by ionospheric disturbance dynamo mechanism [17, 18, 25, and 

26]. A depression is observed during the recovery phase across all latitudes in the Asian sector on 25 October 

2011 between 06:00-12:00 UT similar to the one seen at AAB on the same day around 08:00-1200 UT. This 

depression appeared earlier in the Asian sector to the African sector. This signature is a clear demonstration of 

the longitudinal inequality of the ionospheric disturbance dynamo mechanism [18, 19, 24].  



Longitudinal Variations of Geomagnetic Field and their Time Derivatives during .. 

DOI: 10.35629/9459-12050616                                  www.questjournals.org                                           12 | Page 

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

100

0

-100
D

dy
n 

(n
T)

24 October 2011        25 October 2011      26 October 2011

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

0

-100

D
dy

n 
(n

T)

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

0

-100

D
dy

n 
(n

T)

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
-100

0   

D
dy

n 
(n

T)

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
-100

0

D
dy

n 
(n

T)

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
-100

0   

D
dy

n 
(n

T)

4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
-100

0

D
dy

n 
(n

T)

UT (Hrs)

(b) KRT

(c) MBO

(d) AAB

(e) ASC

(f) NAB

(g) TSU

(a) TAM

 
Figure 4 Latitudinal variation of the Ddyn disturbance in the African sector 

 

Figure 4 shows the latitudinal variation of the ionospheric disturbance dynamo (Ddyn) against universal time 

(UT) over the African sector. It is obvious that during the SSC, the ionospheric disturbance dynamo Ddyn exhibit 

southward direction around (19:00-00:00) UT on 24 October, 2011 across all the latitudes in the African sector 

with similar features but only at KDU and KPG latitudes in the Asian sector as demonstrated in Figure 5. 

During these periods, (19:00-00:00) UT the Ddyn generates westward magnetic field variations which is the 

typical signatures of the ionospheric disturbance dynamo mechanism [26]. The westward magnetic field is due 

to the westward current generated by the Ddyn process that superimposed the eastward current. The positive Ddyn 

enhancement observed around (19:00-00:00) UT could be induced by the Chapman-Ferraro current.  
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Figure 5 Latitudinal variation of the Ddyn disturbance in the Asian sector 

 

Figure 6a and 6b show the time derivative of the Earth’s magnetic field against universal time (UT) in 

the African sector. It is obvious that the magnitude of dH/dt at the time of the SSC is higher than during the 

main and recovery phase of the magnetic storm in consistence with the earlier studies by [25]. These authors 

observed higher rate of magnetic field during the storm sudden commencement at low-latitude in China. AAB 
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closer to the magnetic dip equator exhibit higher dH/dt with peak amplitude 19 nT/s closely followed by a low 

latitude station, ASC (panel e) with peak amplitude 15 nT/s.  
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Figure 6a Rate of change of magnetic field in the African sector 

 

Other stations also show similar enhancement but much smaller to the ones on the equatorial-low 

latitude region. This implies that equatorial electrojet plays significant role in enhancing magnetic variations 

within the equatorial low latitude.  The magnitude of the rate of magnetic field is higher at the time of SSC 

(18:31 UT) in the African sector which by extension, higher geomagnetically induced current (GICs) may likely 

occur during the SSC of this magnetic storm [25, 26] contrary to the Asian sector with maximum dH/dt during 

the main phase of the magnetic storm as depicted in Figure 7 (panels c, d and e). 
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Figure 6b continues for rate of change of magnetic field in the African sector. 

 

This implies that higher GICs values are likely to occur during the main phase of the magnetic storm in 

these regions. The rate of magnetic field variation observed in Figure 7 (panel a) at GUA does not give good 

representation of a geomagnetic storm. From Figure 6b and 6b, it is also clear that the rate of change of 
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magnetic field is not only limited to the period of SSC and main phase of a magnetic storm, it thus indicate that 

during recovery phase which is known to be dominated by the ionospheric disturbance dynamo process can also 

influence large rate of magnetic field (dH/dt). 
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Figure 7 Rate of change of magnetic field in the Asian sector 

 

At AAB in Figure 6a (panel d) large value of dH/dt up to -9 nT/s is seen on 25 October 2011 around 

10:00 UT during the recovery period which is higher than the value -3 nT/s observe during the main phase of 

the magnetic storm. Other stations also show similar enhancement during the recovery phase. This shows that 

large dH/dt are not only associated to the prompt penetration of the magnetospheric convection electric field but 

can as well be influenced by the Ddyn electric field.  

 

V. Conclusions 
Using magnetic field records from the INTERMAGNET and MAGDAS network we present features of the 

ionospheric disturbance dynamo and the rate of change of magnetic field (dH/dt) along the Africa and Asian 

sector during 24-25 October 2011 geomagnetic storms. Some of the salient features observed during the study 

are summarized below: 

1. During the SSC, the typical H-field shows higher magnitudes than the SR across all the latitudes in the 

African sector exception of AAB that lies along the magnetic equator, while reverse is the case in the Asian 

sector with exception of JAI and KDU with higher H-field magnitudes. At the time of the SSC (18:31 UT) both 

longitudes sector are in the local dusk-dawn sector characterized with a weak E-region conductivity hence may 

likely be a factor responsible for the lesser SSC amplitude to the daytime SR in the two longitude sector 

 

2. Large differences exist between the SR and the typical H-field during the recovery phase compare to 

their difference before the occurrence of the SSC. This large different may be resultant effect of the westward 

current generated by the ionospheric disturbance current during the recovery phase of the magnetic storm 

3. For this magnetic storm, higher rate of change of magnetic field (dH/dt) are obtained at the time of SSC 

in the African sector with Asian region exhibiting higher variations during the main phase of the magnetic 

storm. 

 

4. Generally, both longitude sector show rate of change of magnetic field (dH/dt) during the recovery 

phase of the magnetic storm which are more noticeable in the African sector. This implies that large dH/dt are 

not only associated to the prompt penetration of magnetospheric electric field which are dominant during the 

main phase of a magnetic storm but can as well be influence by Ddyn electric field during the recovery phase.  
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