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Abstract: Solar flares are known to produce fast Corona Mass Ejections (CMEs) that can lead to the occurrence of different classes 

of geomagnetic storms. Severe geomagnetic storms can generate disturbances in the magnetosphere and the ionosphere that can 

affect communication channels; by disrupting Satellite and navigation systems, such as GPS, Galileo, Compass and GLONASS. 

During intense Solar flares, enhancement in the ionospheric electron density usually occurs, leading to the absorption of the High 

Frequency (HF) signals by the ionosphere. Enhancement in the Very Low Frequency (VLF) radio waves (3 – 30 kHz) usually takes 

place during solar flares. This phenomenon is called Sudden Ionospheric Disturbance (SID). These SIDs serves as an opportunity for 

the tracking of solar flares using VLF. In this study, the diurnal variation of the VLF signals transmitted from six locations selected 

from USA, Australia and Japan were used to monitor SIDs. The signals were received using the 0-50 kHz frequency receiver (Super 

SID Monitor) installed at the Kebbi State University of Science and Technology (KSUST), Aliero, Nigeria (latitude: 12.31°N and 

Longitude: 4.50°E). The diurnal variation of the VLF signals alongside some magnetic indices (Dst, kp, and ap), solar wind speed 

and density as well as the solar flux index (f10.7) for the month of February, 2020 was investigated. Results from this study reveal 

that; the VLF amplitudes appeared to be stronger when the lowest level of the geomagnetic activity was recorded across all stations 

on the quietest day of the month. During this day, the intensity of the signals received vary across the stations, ranging from 2*10
4
 to 

4*10
7
dB. During the disturbed period, decrease in the Disturbance Storm Time (Dst) index was observed to have two minimum 

excursion with values of -31 and -33 nT, thus indicating a weak geomagnetic storm (-30<Dst>-50) event. Consequently a gradual 

increase in the solar wind speed with a peak value of 520 km/s, significant decrease in the VLF amplitude ranging from 50 – 7*10
5
dB 

was observed during the weak geomagnetic storm, on 19 February, 2020. It is also evident from this study that the intensity/strength 

of the VLF signal and its pattern of propagation are greatly affected by the geomagnetic storm. In spite of the changes in the VLF 

amplitude observed, there was no trace of solar flares during the weak geomagnetic storm. This therefore suggests that not all classes 

of geomagnetic storms are connected to solar flares. 

Keywords: Solar Flares, Ionosphere, Sudden Ionospheric Disturbance, Geomagnetic Storms, Space Weather 

 

1. Introduction 

The ionosphere is the major region of the atmosphere that 

is primarily responsible for radio wave propagation. Solar 

flares induce geomagnetic storms which in turn creates a 

disturbance in the magnetosphere and the Ionosphere that can 

affect communication channels. A solar flare is an abrupt and 

explosive discharge of energy (up to 10
32

 J) from the active 

region of the Sun due to accumulated magnetic stress [1]. 

Solar flares travel with the speed of light and they can reach 

the earth within 480 seconds upon eruption from the sun, 

emitting radiation from radio waves (long wavelength) to 

gamma rays (short wave) that is across all electromagnetic 

spectrum [2]. The sun has a buoyant and active magnetic 

property that changes polarity every 11 years [3]. 
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Although the heat energy released during a solar flare event 

has a minimal effect on the earth due to the earth atmosphere 

and the distance between the earth and the sun, the energetic 

particles and electromagnetic energy released possesses a great 

deal of danger. The effects of these energies on human 

activities include amongst many; the disruption of the 

ionospheric dynamics leading to the attenuation of the High-

Frequency signals or radio blackout, disruption of Satellite and 

navigation systems [4] such as GPS, Galileo, Compass and 

GLONASS, Coronal Mass Ejections (CMEs) associated with 

solar flare can induce abrupt electric current on earth that could 

damage power systems like transformers. During intense Solar 

flare, enhancement in the ionospheric electron density usually 

occurs, thus, leading to the absorption of the HF by the 

ionosphere. On the other hand, very low frequency (VLF) 

radio waves (3 – 30 kHz) are enhanced during solar flare 

events. This phenomenon is called Sudden Ionospheric 

Disturbance (SID). These SIDs serves as an opportunity for the 

tracking of solar flares using VLF. The VLF signals were also 

reported to be very useful in the study of extraterrestrial, 

atmospheric, geophysical and even earthquake events [5]. 

It is also known that Solar flares induce geomagnetic storm 

[6]; a temporary disturbance of the magnetosphere of the earth 

which is being triggered by a disorder in space weather linked 

with solar flares [7]. It affects the distribution of the ionospheric 

electron density, which in turn affects communication. It 

constitutes a great challenge in the transmission of high 

frequency (HF) radio signals. Some severe geomagnetic storms 

can even lead to radio blackouts, hence make living on earth 

very difficult. Geomagnetic storms are also known to cause 

changes in the ionosphere that can degrade the performance of 

global navigation satellite systems such as GPS, Galileo, 

Compass and GLONASS. They can induce currents in metallic 

pipelines; enhance galvanic corrosion in electric power 

transmission lines leading to voltage surges and shutdown. The 

losses that will be incurred as a result of severe geomagnetic 

storms if not checked could amount to billions of naira. This 

indeed calls for the need for effective and accurate prediction of 

geomagnetic storms, The strength of our prediction models lies 

in how much we understand the phenomenon, thus, calling for 

more studies particularly within the African sector. 

The present study is aimed at; monitoring Sudden 

Ionospheric Disturbance (SID) using Very Low Frequency 

(VLF) signals received from six VLF transmitting stations, 

verifying the quiet and disturbed day morphology of SES-

SID data received at KSUST Aliero, track solar flares using 

Super SID receiver and also investigate the relationship 

between solar flares and pre-magnetic/weak geomagnetic 

storm signatures. Studies of this nature are of immense 

importance to the understanding of space weather. This is the 

very first time VLF signals are been received and studied 

during both quiet and disturbed conditions from this location. 

2. Data and Method 

In the analysis, the diurnal variation of some geomagnetic 

storm indices such as Dst, kp, and ap was investigated 

alongside the solar wind speed and density as well as the 

solar flux index (f10.7), during geomagnetically quiet and 

disturbed periods. The quietest days for the month of study 

were first of all identified using the GFZ Postdam quiet day 

selection criteria available at http://www.gfz-

potsdam.de/en/section/earths-magnetic-field/data-products-

services/kp-index/explanation/qd-days/. These most quiet 

days represent when the geomagnetic activities are minima in 

each month. The selection criteria, however, only give a 

qualified indication of the ionospheric activity in those days 

with respect to the other days of the same month. In the 

present study, geomagnetically disturbed days were 

considered as days for which ��� ≤ −30 	
, � ≥

3 �	�� > 15. The data for the magnetic indices, solar flux 

index and the solar wind parameters were obtained from 

NSSDC’s OMNI database 

(https://omniweb.gsfc.nasa.gov/form/dx1.html). On the other 

hand, the data for the various SID monitors installed around 

the world was archived in a centralized database hosted at 

Stanford Solar Centre and can be freely accessed through 

their website; http://sid.stanford.edu/database-browser/. 

The signal strength from the various VLF stations received 

at Aliero (Table 1) during the most quiet days was compared 

with that of the disturbed period and thereafter the possible 

occurrence, time of occurrence and the 

intensity/classification of solar flares were investigated. This 

was achieved by comparing the data obtained at Aliero with 

the results of the occurrence of solar flares obtained from the 

Laboratory of X-ray Astronomy of the Sun, LPIRAS, Russia 

database which is accessible at 

http://tesis.lebedev.ru/en/sun_flares.html. The experimental 

set-up for the SID Monitor installed at the Kebbi State 

University of Science and Technology is shown in Figure 1. 

The loop antenna was locally constructed using a wooden 

frame of an area of 1 m
2
, it has 39 windings with 24 AWG 

wire with a diameter of 0.511 mm. 

Table 1. List of VLF transmitting stations. 

S/No Station Code Frequency Latitude Longitude 

1 Cutler, ME, USA NAA 24 44.65° N 67.3° W 

2 Jim Creek, WA, USA NLK 24.8 48.20° N 121.92° W 

3 Lualualei, HI, USA NPM 21.4 20.4° N 158.2° W 

4 LaMoure, ND, USA NML 25.2 46.35° N 98.33° W 

5 Harold E. Holt 
    

 
(North West Cape), 

    

 
Australia NWC 19.8 21.8° S 114.2° E 

6 Ebino, Japan JJI 22.2 32.04° N 10.52° E 
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Figure 1. Experimental Set Up for the SID Monitor installed at the Kebbi State University of Science and Technology, Aliero, Nigeria. 

A comprehensive list of the VLF stations can be obtained 

from; http://sidstation.lionelloudet.homedns.org/stations-list-

en.xhtml. 

3. Results and Discussion 

Figure 2 show the diurnal variation of (a) the planetary 

index (ap) and the interplanetary magnetic field, Bz (nT), (b) 

Solar Wind Speed (km/s) and Solar Wind Density (Nkm
3
), (c) 

kp index and the Disturbance storm time (Dst) index in nT, (d) 

Solar flux (f10.7), during 25
th

 February 2020 (one of the most 

quiet days of the month). Observation from the Figure shows 

a slight rise in the geomagnetic activity around 00-0200 UT. 

This is evident from the southward orientation of the IMF Bz 

to a minimum value of about -2 nT, with the planetary 

indices (ap and kp) reaching a peak value of 5 and 13 

respectively. Increase in the solar wind speed (> 400 km/s) 

was also observed at 0100 UT. The minimum value of the 

Dst for the 24 hours was -12 nT, thus indicating a minimal 

level of geomagnetic activity, thus without any trace of a 

geomagnetic storm event on that day. The solar activity 

seems to be relatively low, with asolar flux index value that is 

less than 70 (f10.7 < 70). It is also evident from Figure 2b 

that the peak value of the solar wind speed corresponds well 

with the minimum value of the solar wind density and vice 

versa. These observations are a clear indication that 25
th

 

February 2020 was a typical geomagnetically quiet day. 

 

Figure 2. Diurnal variation of some Geomagnetic indices for on a typical geomagnetically quiet day 25th February 2020. 
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Figure 3, depicts the diurnal variation of the VLF signals 

from (top to bottom) JJI, NAA, NLK, MNL, NPN and NWC, 

received by the SID monitor installed at the Kebbi State 

University of Science and Technology, Aliero (KSUSTA), 

Nigeria. The signals appeared to be stronger when the lowest 

level of the geomagnetic activity for the 24 hours was 

observed, particularly within the time interval of 1500 – 1700 

UT across all stations. This suggests that an increase in the 

geomagnetic activity is likely to suppress the 

strength/intensity of the VLF signals transmitted and 

received by the SID monitors. The intensity of the signals 

received at this station is observed to vary across the stations, 

ranging from 2*10
4
 to 4*10

7
dB with the peak value recorded 

at NWC and lowest at NLK. It is also observed from the 

Figure that the duration of the rise and decay of this high 

signals is same across the stations, although the time of 

occurrence of the peak values from each station vary, but the 

signal pattern is quite similar. This cannot be unconnected to 

their geographic location, transmitting frequency of the 

stations and the local time effect. 

 

Figure 3. Diurnal variation of VLF signal from various stations received at Aliero on a typical geomagnetically quiet day 25th February, 2020. 

 

Figure 4. Diurnal variation of some Geomagnetic indices for 19-20th February, 2020. 
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Figure 4, depicts the plot for (a) IMF Bz/ap index, (b) 

Solar Wind Speed and Solar Wind Density, (c) Dst index in 

nT/kp*10 index, and (d) Solar flux (f10.7) index. A closer 

look at the Figure reveals a relatively higher geomagnetic 

activity on day 19 compared to 20 February, 2020. It can be 

seen that the IMF Bz enjoyed a southward orientation during 

the early hours of 19
th

 February, 2020 with a threshold value 

of -7 nT at 0300 UT (Figure 4a), which is sufficient to drive a 

geomagnetic storm [8], this also coincides well with the peak 

values of kp and ap indices. [9, 10] has shown that the IMF 

Bz is the parameter that determines the occurrence of a 

geomagnetic storm, as the input of energy into the 

magnetosphere is directly dependent on the orientation 

(North-south) of the IMF Bz [11]. When the IMF Bz turns 

southward, it is indicative of the opening of the 

magnetosphere [12] that can lead to the input of energy into 

the magnetosphere. [8] Has earlier shown a strong 

dependence of geomagnetic storms to strong down to dusk 

electric fields accredited to the long duration of the 

southward orientation of the IMF Bz. 

A decrease in the Dst index was also observed, 

commencing around 0200 UT and had two minimum 

excursion with values of -31 and -33 nT at 0500 UT and 

1000 UT respectively (Figure 4c). This is indicative of a 

weak geomagnetic storm (-30<Dst>-50) as shown by [13, 14 

and 7]. Consequently a gradual increase in the solar wind 

speed was observed from 00 UT to a peak value of 520 km/s 

at 1100 UT (Figure 4c) on 19 February, 2020. Although the 

peak values of the solar wind density correspond well with 

the IMF Bz on 19 February, it is evident that the solar wind 

speed and the solar wind density shares an inverse 

relationship. A slight drop in the solar flux (f10.7) index from 

69.4 on 19 February to 69.2 on 20 February was observed. 

On the other hand, Figures 5 and 6 shows the plot of the 

VLF signals received from (from top to bottom) JJ1, NAA, 

NLK, MNL, NPN and NWC, received by the SID monitor 

installed at KSUSTA on 19 and 20 February respectively. 

Observations from Figure 5 shows that the signal strength 

increased significantly between 1000 UT to 1300 UT and for 

all stations. It can also be seen that although several peaks 

were observed across all stations (except for NAA), it is 

evident that the peak values of the signal strength were 

recorded around noon. This period falls within the main 

phase of the geomagnetic storm and the early part of its 

recovery phase. A significant decrease in the intensity of the 

signal was observed on this day with the values ranging from 

50 – 7*10
5
dB compared to that recorded during the 

geomagnetically quiet day (Figure 3). The highest intensity 

of the signal received was transmitted from NWC, followed 

by NPM and lowest from NLK. It is also evident from this 

study that the intensity/strength of the signal and its pattern 

of propagation are greatly affected by the geomagnetic storm. 

 

Figure 5. Diurnal variation of VLF signal (VLF amplitude in decibels) from various stations received at Aliero on 19th February, 2020. 

20 February, 2020 was characterised by several North-

South orientation of the IMF Bz, rise and fall in the ap, kp 

and the Dst indices as well as a decrease in the solar wind 

speed and Solar flux index (Figure 4a-d). This observation is 

not unconnected with the several peaks occurring at different 

time intervals and a complete change in the signal pattern of 

propagation on this day. On the average, the highest signal 

strength was received from NWC (3*10
5
dB), followed by 

NPM (5*10
4
dB) and the least was from NLK (20 dB). In 

comparison with the observations of Figure 5, a further 

decline in the intensity of the signals and a scattered signal 

pattern with relatively higher signal values occurring during 
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20 February, 2020. It is also evident that most of these signal 

fluctuations, occurred during a change in the orientation of 

the IMF Bz from south to north or vice vassal and also an 

increase in the Dst index. 

Adeniyi J. O [15] cited by [5] have observed that variations 

(short or long time) in the electron density of the D layer, 

appears as a fluctuation in the amplitude and phase of the VLF 

signals as well as the low frequency signals (30-300 kHz). It is 

also known that geomagnetic storm affects greatly the 

distribution of the ionospheric electron density [16, 17], 

leading to the absorption and attenuation of Radio waves. 

Therefore it can be argued that this variation in the pattern of 

propagation and the accompanied decreases in the received 

VLF signals in this location cannot be unconnected with the 

effect of the geomagnetic storms on the D region of the 

ionosphere. 

 

Figure 6. Diurnal variation of VLF signal from various stations received atAliero on 20th February, 2020. 

 

Figure 7. Solar Flares tracking for 19-20 February, 2020, obtained from the Laboratory of x-ray Astronomy of the Sun, LPI 

(https://tesis.lebedev.ru/en/sun_flares.html?m=2&d=20&y=2020). 

Figure 7, is a plot of the solar flare observations for 19-20 

February, 2020, downloaded from the website of the 

Laboratory of X-Ray Astronomy of the Sun. Observations 

from this Figure reveals that, although there was a weak 

geomagnetic storm on 19 February, 2020 that had an effect 

on the VLF signals received from various stations, yet, there 
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were no traces of solar flares observed either on the 19 nor 20 

February, 2020. This shows that it is possible to have weak 

geomagnetic storms without necessary an occurrence of solar 

flares. It can also be argued that not all increases in the 

geomagnetic activity occur as a result of the occurrence of 

solar flares, other factors could be responsible. Many studies 

[17, 3, 18] has shown that solar flares are known to produce 

fast CMEs that can lead to the occurrence of different classes 

of geomagnetic storms. However, in the current case the 

observed weak geomagnetic storm, though with an impact on 

the VLF signals, yet, it had no any connection with solar 

flares. 

4. Summary and Conclusion 

The diurnal variation of the VLF signals transmitted from 

six stations received at the Kebbi State University of Science 

and Technology, Aliero, Nigeria, using the super SID monitor, 

has been studied during both quiet and weak geomagnetic 

storms. Some of the findings of the study are summarized 

below; 

1) Signal strengths received were observed to be higher 

during the geomagnetically quiet conditions than the 

disturbed days across all the transmitting stations. 

2) The signals appear to be mostly conspicuous at the 

ascending phase of the Dst index. 

3) Signals ware observed to be stronger when the lowest 

values of the dst were recorded 

4) Although a weak geomagnetic storm was observed on 

19 February, yet, there were no traces of solar flares on 

that day. 

5) A likelihood of the increase in the geomagnetic activity 

suppressing the intensity or strength of the VLF signals 

received was observed. 

6) An increase in the solar wind speed corresponds well 

with the decreases in the solar wind density both on 

quiet and also during weak geomagnetic storm events. 

It is therefore imperative to conclude from the findings of 

this study that; some geomagnetic storms especially the weak 

ones occur without any connection to the occurrence of solar 

flares.  

In the next study, a larger volume of data will be used to 

track solar flares and also study their connections to different 

classes of geomagnetic storms. 
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