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ABSTRACT 

Geomagnetic storms and solar radio flux have both been studied in relation to daily changes. As 

a result, during storms, the level of ionosphere disruption and the severity of magnetic oscillations are 

both indicated by geomagnetic indices. According to this analysis, there would be almost no degradation 

in the HF band radio communications conditions if the magnetic field were to remain quiet. It shows 

that there are unsettled magnetic circumstances, which could mean that the HF bands for radio 

communications could suffer a little. Additionally, it shows that the situation is rapidly getting worse 

due to a significant storm that will probably cause a blackout in HF ionosphere propagation for several 

hours and the particles released at the sun’s surface by the natural occurrences. These solar flares are 

primarily composed of particles with thermal energy between 1.5 keV and 10 keV, such as electrons, 

protons, and alpha rays. 
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1.  INTRODUCTION 

 

The particles emitted at the sun’s surface during the natural occurrences of solar activities 

consist of mostly electrons, protons and alpha particles with thermal energies between 1.5keV 

and 10keV. A solar proton event (SPE), or "proton storm", occurs when particles (mostly 
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protons) emitted by the Sun become accelerated either close to the Sun during a flare or in 

interplanetary space by CME shocks (Carolus et al., 2010; Giampapa, et al., 2010). The events 

can include other nuclei such as helium ions and HZE ions and these particles cause multiple 

effects which penetrate the Earth's magnetic field and cause ionization in the ionosphere. 

(McComas., et al., 2003; Owens, et al., 2013; Dikpati, et al, 2010).Within and outer surface of 

the Sun, the unrefined phenomena occurred which include solar activities that brought about all 

the solar oscillations. These Solar activities which are the disturbance and the total sum of all 

solar fluctuations that naturally occurred at outer surface of the sun are induced, quantified and 

influenced by geomagnetic indices. Sun has a complicated and changing magnetic field, which 

forms things like sunspots and active regions. The magnetic field sometimes changes 

explosively, spitting out clouds of plasma and energetic particles into space and sometimes even 

towards Earth. The solar magnetic field changes on an 11 year cycle. Every solar cycle, the 

number of sunspots, flares, and solar storms increases to a peak, which is known as the solar 

maximum. Then, after a few years of high activity, the Sun will ramp down to a few years of 

low activity, known as the solar minimum. The solar radio flux at 10.7 cm (2800 MHz) is an 

excellent indicator of solar activity and correlates well with the sunspot number as well as a 

number of Ultraviolet (UV) and visible solar irradiance records. Svalgaard, and  Hudson, (2010) 

reported that these flux values are intended for use for terrestrial applications such as estimating 

upper atmospheric heating, forecasting ionospheric communication quality, and antenna 

calibration.  

Livingston, et al., (2012) at the same temperature, electrons, due to their much smaller 

mass, reach escape velocity and build up an electric field that further accelerates ions away 

from the Sun. Thus, the total mass loss each year is about (2–3) ×10−14 solar masses, or about 

one billion kilograms per second (this is equivalent to losing a mass equal to the Earth every 

150 million years (Schrijver, et al., 2000; Kallenrode and May-Britt, 2004; Meyer-Vernet, 

Nicole, 2007).  

Energetic protons that are guided into the Polar Regions collide with atmospheric 

constituents and release their energy through the process of ionization. The majority of the 

energy is extinguished in the extreme lower region of the ionosphere (around 50–80 km in 

altitude). This area is particularly important to ionospheric radio communications because this 

is the area where most of the absorption of radio signal energy occurs. Extremely intense solar 

proton flares capable of producing energetic protons with energies in excess of 100 MeV can 

increase neutron count rates at ground levels through secondary radiation effects. (Kappenman, 

John., 2010). A geomagnetic storm is a temporary disturbance of the Earth's Magnetosphere 

caused by a solar wind shock wave and/or cloud of magnetic field that interacts with the Earth's 

magnetic field. The increase in solar wind pressure compresses the magnetosphere and the solar 

wind's magnetic field interacts with the Earth’s magnetic field to transfer increased energy into 

the magnetosphere. Both interactions increase plasma movement through the magnetosphere 

(driven by increased electric fields) and an increase in electric current in the magnetosphere and 

ionosphere (Schrijver, et al., 2000; Giampapa et al., 2010).  

Apart from the Solar Flux, another important influence on the ionosphere and hence radio 

propagation prediction is the level of geomagnetic activity. While the geomagnetic activity is a 

measure of the state of the Earth's magnetic field, this in turn is influenced by the Sun. The 

frequency of geomagnetic storms increases and decreases with the sunspot cycle. Several space 

weather phenomena are associated with geomagnetic storms. These include Solar Energetic 

Particle (SEP) events, Geomagnetic induced currents (GIC), ionospheric disturbances that 
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cause radio and radar scintillation, disruption of compass navigation and aurora displays at 

much lower latitudes than normal. A 1989 geomagnetic storm energized ground induced 

currents that disrupted electric power distribution throughout most of the province of Quebec 

and caused aurorae as far south as Texas (Bell, Trudy and Phillips, 2008).  

Geomagnetic induced currents are the manifestation at ground level of space weather, 

which affect the normal operation of long electrical conductor systems. During space weather 

events, electric currents in the magnetosphere and ionosphere experience large variations, 

which manifest also in the Earth's magnetic field. Klimenko et al., (2011) considered the 

formation mechanism of the additional layers in an equatorial ionosphere, reported that during 

geomagnetic storms, the non uniform in height zonal electric field is generated at the 

geomagnetic equator and this electric field forms the additional layers in the F region of 

equatorial ionosphere. Klausner et al., (2009) discussed the seasonal variation of gravity wave 

(GW) and traveling ionospheric disturbance (TID) oscillations in the ionospheric F2 layer 

during high solar activity (HSA, September 2000 to August 2001) and low solar activity (LSA, 

January 2006 to December 2006) observed at SJC during different levels of geomagnetic 

activity. They observed that GWs/TIDs are much more pronounced at F layer heights during 

HSA than LSA and the large-amplitude GWs/TIDs are present normally only during HSA. 

Becker- Guedes et al., (2004); Lima et al., (2004); Sahai et al., (2005) also reported that during 

the past GWs/TIDs received much attention due to space weather studies as geomagnetic 

disturbances have adverse effects on increasingly sophisticated ground- and space based 

technological systems. Sahai et al., (2005) discussed the ionospheric sounding observations 

carried out from Palmas and Sa˜o Jose´ dos Campos, Brazil (the Brazilian sector), and Ho Chi 

Minh City, Vietnam, and Okinawa, Japan (the East Asian sector), during the geomagnetic 

disturbance period, when there were sharp decreases in Dst, some of the observed rapid uplifts 

of the F region peak heights are not reproduced by the model results. 

The term magnetogram has two meanings, used separately in the contexts solar 

magnetogram of magnetic fields of the Sun and the Earth. In the context of the magnetic field 

of the Sun, the term magnetogram refers to apictorial representation of the spatial variations in 

strength of the solar magnetic field. Magnetograms are often produced by exploiting the 

Zeeman Effect (or, in some cases, the Hanle effect), which George Ellery Hale employed in the 

first demonstration that sunspots were magnetic in origin, in 1908. Solar magnetograms are 

produced by suitably instrumented telescopes referred to as magnetographs. Some 

magnetographs can only measure the component of the magnetic field along the line of sight 

from the observer to the source (the field’s “longitudinal" component). 

To indicate the state of geomagnetic activity, there are two indices that are used which 

are related to each other: K index and a Index. Although different, both these indices give 

indications of the severity of magnetic fluctuations, and hence the level of disturbance to the 

ionosphere. Geomagnetic indices have been developed to characterize the variability of the 

Earth's magnetic field, in all its complexity, in a single number. Menvielle, M., (2011) there are 

many such indices that each characterizes a different aspect or time-frame of the dynamic 

geomagnetic field. The most widely used of these is the K index, a quasi-logarithmic index of 

geomagnetic activity relative to an estimated undisturbed or regular quiet day variation for the 

recording site (Lockwood, 2009). The Geomagnetic k index is a code from 0-9 that 

characterizes magnetic activity (0 being the least active field and 9 the most active field) over 

a 3 hour period. The values of the kp index give a good indication of geomagnetic activity: 

values between 0 and 1 indicate quiet magnetic conditions and would give rise to virtually no 

https://en.wikipedia.org/wiki/Twinkling
https://en.wikipedia.org/wiki/March_1989_geomagnetic_storm
https://en.wikipedia.org/wiki/Geomagnetically_induced_current
https://en.wikipedia.org/wiki/Geomagnetically_induced_current
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degradation in HF band radio communications conditions. Values for the kp index between 2 

and 4 provide an indication of unsettled magnetic conditions that indicate the possibility of 

some degradation on the HF bands for radio communications. A value of 5 signifies a minor 

storm and 6 a larger one. Values through to 9 indicate steadily worsening conditions with 9 

representing a major storm that is likely to result in a blackout in HF ionospheric propagation 

for several hours. 

 

Table 1. Relationship between Ap Index and kp Index 

 

Relationship between Ap index and Kp Index 

Ap Index Kp Index Description  

0 0 Quiet 

4 1 Quiet 

7 2 Unsettled 

15 3 Unsettled 

27 4 Active 

48 5 Minor storm 

80 6 Major storm 

132 7 Severe storm 

208 8 Very major storm 

400 9 Very major storm 

 

 

Although the A index and K index are different values, it is possible to relate these indices 

together. A summary of this relationship is given in table1 below. Geomagnetic and ionospheric 

storms are very closely related. However they are separate effects. Geomagnetic storms relate 

to disturbances of the Earth's magnetic field, and ionospheric storms relate to disturbances of 

the ionosphere. However it is found that geomagnetic storms often lead to ionospheric ones, 

but not on every occasion. In this paper, we study the events and variations of geomagnetic 

storm with Solar Radio Flux and sunspot by statistical analysis and correlation test between the 

parameters. 

 

 

2.  MATERIALS AND METHOD 

 

The sources of materials are as follows: National Aeronautics and Space Administration 

(NASA) and Space Physics Interaction Data Resources (SPIDR) observatory centers. The data 
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covered period of one year in hourly sample, as from January, to December. The elements for 

the description of data used include geomagnetic Aa index (nT), Ap index (nT), Am index (nT), 

and Solar Radio Flux (W/m2/Hz with daily sampling throughout the year, 2004. It as well 

included geomagnetic C9 and Cp index and Sunspots counts recorded daily throughout the year, 

2005. The Data collected from Space Physics Interaction Data Resources (SPIDR) and National 

Aeronautics and Space Administration (NASA) were used to compare the geomagnetic index 

in solar radio flux and sunspot for the period of one year. The graphs of the geomagnetic index 

against the variations of sunspot number were also considered. Correlation test between the 

activities was carried out to find their level of relationship to each other in one year. The 

procedure was repeated for the interval of three months in one graph against days. 

 

 

3.  RESULTS AND DISCUSSION 
 

3. 1. The variation of Geomagnetic (Aa, Ap, Am) Indices and Solar Radio Flux from  

        Jan - Dec, 2004 

October, November, and December of 2004 are depicted in Figures 1 to 4 below. The 

graphs below show significant keys: Aa stands for the Geomagnetic Aa index (nT), Am for the 

Geomagnetic Am index (nT), Ap for the Geomagnetic Ap index (nT), SRF for Solar Radio Flux 

(W/m2/Hz), and T for Tesla, the geomagnetic index unit. nT = 10–9T. With fractional parts 

presented in thirds of a unit, K indices have a range of 28 steps, from 0 (quiet) to 9 (greatly 

disturbed). The planetary or Kp index has a range of values from 0 to 9. Geomagnetic activity 

can be accurately predicted by looking at the values of the kp index. Values for the kp index 

between 2 and 4 or for the Ap index between 7 and 27 give an indication of unsettled magnetic 

circumstances that signal the possibility of some degradation in the HF bands for radio 

communications. A smaller storm is indicated by a Kp index value of 5 or an Ap index value 

of 48, while a larger storm is indicated by a Kp index value of 6 or an Ap index value of 80. 

Values through 7 to 9 for the Kp index or 132 to 400 for Ap indicate rapidly deteriorating 

circumstances, with 9 and 400 denoting a significant storm that is likely to cause a blackout in 

HF ionospheric propagation for several hours. The clearer details were compiled and calculated 

in table 1 above. 

The geomagnetic storm gives an indication of unsettled magnetic conditions that may 

indicate some degradation on the HF bands for radio communications on the 8th, 12th, 14th, 29th, 

and 31st of January 2004. This is shown in Fig. 1; graph of the Aa index (nT), Ap index (nT), 

Am index (nT), and Solar Radio Flux (W/m2/Hz) from January to March, 2004. Although a 

severe and significant geomagnetic storm occurred on January 21 and 22, 2004, it started to 

become active on February 11 of that same year. The graph’s curves show that electrons, 

protons, and alpha particles make up the majority of the emitted particles. 

In Fig. 2: the graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio 

Flux (W/m2/Hz) of April to June, 2004; on several days such as 1st, 2nd April, 4th May, 12th & 

13th June, 2004 and other days; the geomagnetic activity suggested quiet magnetic 

circumstances for a number of days, including April 1–2, May 4–6, June 12–13, and June 13–

14, 2004, and these conditions would result in essentially minimal deterioration in HF band 

radio communications. The HF bands for radio communications may see some degradation, 

according to multiple indicators of unsettled magnetic circumstances that were recorded on the 

13th and 17th of April, the 9th and 18th of May, and the 20th - 21st & 30th of June in 2004.  
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Figure 1. The graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio Flux 

(W/m2/Hz) of January to March, 2004. 

 

 

 
 

Figure 2. The graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio Flux 

(W/m2/Hz) of Apirl to June, 2004. 
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Figure 3. The graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio Flux 

(W/m2/Hz) of July to September, 2004. 

 

 

 
 

Figure 4. The graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio Flux 

(W/m2/Hz) of October to December 2004. 

0

50

100

150

200

250

300

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

A
a,

 A
m

, A
p

 (
n

T)
 a

n
d

 S
R

F 
(W

/m
2 /

H
z)

Days

July-Sept,2004 Aa

July-Sept,2004 Am

July-Sept,2004 Ap

July-Sept,2004 SRF

0

50

100

150

200

250

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

A
a,

 A
m

, A
p

 (
n

T)
 a

n
d

 S
R

F 
(W

/m
2
/H

z)

Days

Oct-Dec,2004. Aa

Oct-Dec,2004. Am

Oct-Dec,2004. Ap

Oct-Dec,2004. SRF



World Scientific News 175 (2023) 82-95 

 

 

-89- 

They indicate a significant geomagnetic storm that is expected to shut down HF 

ionosphere propagation for several hours or days on the 3rd and 4th of April, 2004, when the 

conditions are steadily getting worse. 

In Fig. 3, the graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio 

Flux (W/m2/Hz) of July to September, 2004; the indications of steadily worsening conditions 

which are representing a very major geomagnetic storm that is likely to result in a blackout in 

HF ionosphere propagation for several days were occurred on 25th – 27th July, 2004.  

The geomagnetic storm was only active on 31 August, 2004 while the rest of other days 

within the three months, it indicates quiet magnetic conditions and would give rise to virtually 

no degradation in HF band radio communications conditions.   

In Fig. 4 below; the graph of Aa index (nT), Ap index (nT), Am index (nT), and Solar 

Radio Flux (W/m2/Hz) of October to December, 2004. The indications of steadily worsening 

conditions which are representing a very major geomagnetic storm that is likely to result in a 

blackout in HF ionospheric propagation for several hours/days were occurred on 8th – 10th 

November, 2004 while  the rest of other days within the three months (October to December, 

2004), it indicates quiet magnetic conditions and would give rise to virtually no degradation in 

HF band radio communications conditions. 

Correlation coefficient, r is statistical measures of the degree to which changes to the 

value of one variable predict change to the value of another. The correlation coefficient between 

the geomagnetic Aa index (nT), Ap index (nT), Am index (nT), and Solar Radio Flux 

(W/m2/Hz) activities count per day have been calculated and displayed in Table 2.  

The correlation coefficient, r ranges from -0.303 to 0.203. The positive Correlation 

Coefficients r, expressed a change in the value of geomagnetic indices that predict a change in 

the same direction in the Solar Radio Flux variable. The negative coefficient Coefficients ‘r’ 

indicates a perfect change in the value of geomagnetic indices which predicts a change in the 

opposite direction in the Solar Radio Flux variable. In table 2; Where CCV (r) = Correlation 

Coefficient Value, b/w = between, SRF = Solar Radio Flux 

 

Table 2. Correlation coefficient value. 

 

S/No Months/days 

r = CCV b/w 

Aa index & 

SRF 

r = CCV b/w 

Am index & 

SRF 

r = CCV b/w 

Ap index & 

SRF 

1 Jan – March, 2004 0.119 0.118 0.111 

2 April – June, 2004 - 0.259 - 0.303 - 0.179 

3 July – Sept, 2004 0.203 0.190 0.203 

4 Oct. – Dec, 2004 0.126 0.143 0.143 

 

 

3. 2. The variation of geomagnetic CP and C9 index and sunspots number from  

        Jan – Dec, 2005. 

The C is a subjective index for a single observatory rating the magnetogram for the 24-h 

Greenwich day as 0 if very quiet, as 1 if moderately disturbed, or as 2 if severely disturbed.  
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The C9 index is a conversion of the Cp index to one digit between 0 and 9. They are caused 

by interactions with the Sun's magnetic field which are not fully understood. But a sunspot is 

like the cap on a soda bottle: shake it up, and you can generate a big eruption. Sunspots occur 

over regions of intense magnetic activity, and when that energy is released, solar flares and big 

storms called coronal mass ejections erupt from sunspots. The variations of the events per day 

in each of the months of 2005 are shown in Figures 5 - 6 below. 

In Fig. 5, the graph of CP (steps), C9 (steps) and sunspots number (counts) against Days 

in Jan – March, 2005: The magneto gram was rated 24-h Greenwich day, very quiet as recorded 

0 (zero) on 26th, 27th January, 5th February and 4th March, 2005. It was moderately disturbed as 

recorded 1 (one) on 1st, 2nd, 3rd, 5th, 29th, 30th, January 2005 and 14th & 15th March, 2005. It was 

not severely disturbed as geomagnetic Cp index was not recorded 2 (two) in the month of 

January to March, 2005.  

In Fig.6; the graph of CP (steps), C9 (steps) and sunspots number (counts) against Days in 

Apirl – June, 2005: The magnetogram was rated 24-h Greenwich day, very quiet as recorded 

as 0 (zero) on April 9th, 10th, 20th, 26th, 27th, 28th, and May 26th, 27th as well as June 10th, 21st, 

2005. It was moderately disturbed as recorded 1 (one) on April 21st and May 21st, 29th, 2005. It 

was not severely disturbed as geomagnetic Cp index was not recorded 2 (two) in the months of 

April to June, 2005. 

In Fig. 7; the graph of CP (steps), C9 (steps) and sunspots number (counts) against Days 

in July - Sept, 2005: The magnetogram was rated 24-h Greenwich day, very quiet as recorded 

as 0 (zero) on August 11th and September 24th, 2005. It was rated moderately disturbed as 

recorded 1 (one) on 21st July, 14th & 16th Sept, 2005. It was severely disturbed on 24th, August 

as geomagnetic Cp index was recorded 1.9 (approximately 2).  

 

 
 

Figure 5. The graph of CP (steps), C9 (steps) and sunspots number (counts) against Days  

in Jan – March, 2005. 
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Figure 6. The graph of CP (steps), C9 (steps) and sunspots number (counts) against Days  

in Apirl – June, 2005. 

 

 
 

Figure 7. The graph of CP (steps), C9 (steps) and sunspots number (counts) against Days 

in July - Sept, 2005. 
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Figure 8. The graph of CP (steps), C9 (steps) and sunspots number (counts) against Days 

in Oct - Dec, 2005. 

 

 

In Fig. 8; the graph of CP (steps), C9 (steps) and sunspots number (counts) against Days 

in Oct - Dec, 2005: The magnetogram was rated 24-h Greenwich day, very quiet as recorded 

as 0 (zero) on October 12th, 14th, 15th, 20th, 21st, 29th, November 10th, 17th and December 5th – 

8th, 15th, 23rd, 2005. The magnetogram was rated 24-h Greenwich day, moderately disturbed on 

4th November and 27th December 2005. 

The Table 3 below shows the correlation coefficients value, r between geomagnetic index 

(Cp & C9) and sunspots counts per days in three months of 2005. 

 

Table 3. Correlation Test between Geomagnetic Index and Sunspots. 

 

S/N Months/days, 2005 r b/w Cp index and Sp r b/w C9 index and Sp 

1 Jan – March, 2005 0.278 0.257 

2 Apirl – June, 2005 0.151 0.158 

3 July – Sept, 2005 -0.087 -0.108 

4 Oct – Dec, 2005 0.128 0.115 
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4.  CONCLUSION  

 

Geomagnetic storms and solar radio flux have been studied, and it has been discovered 

that the majority of the particles emitted at the sun’s surface during these solar activities are 

electrons, protons, and alpha particles with thermal energy ranging from 1.5 keV to 10 keV. 

Additionally, it gave out signs of quiet magnetic conditions and would result in almost no 

degradation in the HF band radio communications settings. It gives a sign of unsettled magnetic 

conditions, which lead to the correlation of some radio communication HF band degradation. 

Last but not least, it shows steadily deteriorating conditions, with 9 and 400 indicating a 

significant storm that is obviously going to cause a blackout in HF ionospheric propagation for 

a few hours. 
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