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Abstract  

In this work, the impact of different geomagnetic storm events on the plasma-

sphere layer (ionosphere layer) over the northern and southern hemisphere regions 

was investigated during solar cycle 23. To grasp the influence of geomagnetic 

storms on the behavior and variation of the critical frequency parameter of the F2 

ionospheric layer (foF2), five geomagnetic storms (classified as great, severe, and 

strong), with Disturbance storm time (Dst) values <-100 nT were chosen. Four 

stations located in different mid-latitude regions in northern and southern 

hemispheres were designated, the northern stations are: Millstone Hill (42.6° N, 

288.50° W) and Rome (41.90° N, 12.50° E) and the southern stations are: Port 

Stanley (-51.60° S, 302.10° W) and Grahamstown (-33.30° S, 26.50° E). The 

findings of this study showed that during events of 16 July 2000 and 24 August 

2005, the negative storms cause a noticeable reduction in the values of the foF2 

parameter at the northern hemisphere stations compared to those at the southern 

hemisphere. These outcomes are consistent with the results of the examining the 

variation of D(foF2) and the electron density depletion during the tested event times 

at all stations except in Rome, where minor enhancements in foF2 value were 

observed during the August 24 2005 storm. During equinox storm events occurring 

on March 31 and November 6 2001, a noticeable negative impact of storms was 

observed across all stations. However, at Millstone Hill and Port Stanley stations, 

the results showed a slight positive storm impact during the October 21, 2001event. 

 

Keywords:  Critical Frequency foF2, Geomagnetic storm, Dst- index, Ionospheric 

Disturbance.  
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. وتم اختيار أربع محطات تقع في مناطق مختلفة من خطوط العرض الوسطى (Dst <-100 nT)ة وشديدة وقوية ، مع قيم كبير 
 Rome (41.90°و Millstone Hill (42.6° N, 288.50° W)في نصفي الكرة الشمالي والجنوبي، المحطات الشمالية هي: 

N, 12.50° E)  : والمحطات الجنوبية هيPort Stanley  (-51.60° S, 302.10° W)  وGrahamstown (-
33.30° S, 26.50° E) تسببت  3222أغسطس  32و  3222يوليو  61. أظهرت نتائج هذه الدراسة أنه خلال احداث ،

نصف الكرة الشمالي مقارنة بتلك الموجودة في نصف  في محطات foF2للعواصف السلبية في انخفاض ملحوظ في قيم المعامل 
من خلال ملاحظة استنفاد كثافة الإلكترون خلال أوقات  D (foF2)ي. تتوافق هذه النتائج مع نتائج اختبار تباين الكرة الجنوب

خلال   foF2، حيث لوحظت تحسينات طفيفة في قيم  Romeالاحداث التي تم اختبارها في جميع المحطات باستثناء محطة 
، لوحظ تأثير 3226نوفمبر،  1مارس و  26أحداث عاصفة الاعتدال  التي حدثت في  . خلال3222أغسطس  32 عاصفة

 36سلبي ملحوظ للعواصف في جميع المحطات. كما أظهرت نتائج هذه الدراسة بأن هناك تأثيرًا إيجابيًا طفيفًا خلال العاصفة  
 . Port Stanleyو  Millstone Hillفي كل من محطتي   3226أكتوبر

 
1. Introduction 

     The ionosphere is the upper layer of Earth's atmosphere that extends approximately from 

60 to 1000 kilometers [1]. Although the majority of the ionosphere is electrically neutral, an 

ionized layer is created when solar radiation interacts with the atmosphere's chemical contents 

causing electrons to be split from atoms and molecules [2]. Extreme ultraviolet (EUV) and X-

ray solar electromagnetic radiations are the primary sources of the ionization process, hence 

the formation of the ionosphere at mid-latitudes. Each type of solar radiation effects on a 

different layer of ionosphere, depending on its intensity and wavelength, as well as the 

composition of the atmosphere [3]. The Photons of extreme ultraviolet (EUV) and shorter X-

rays have enough energy to dislodge electrons from gas atoms. This process is known as the 

ionization process and it takes place in the daytime. The grade of ionization depends on the 

intensity and the wavelength of the incoming solar radiation, as well as the composition of the 

atmosphere. The inverse process in which an ion and an electron combine with the emission 

of a photon is called recombination. Overall electron density is determined by the ratio 

between number of ionization and recombination processes. The ionosphere is directly 

affected by these two mechanisms, as they play a significant role in conduction, where a low 

collision rate causes a reduction in communications [4,5]. In general, according to the electron 

density parameter, the ionosphere is divided into several different layers starting from the 

lowest region, the D-Layer, followed by the E-Layer and finally the F-Layer, which may be 

separated into two distinguishable layers, F1 and F2 [6]. The F2 layer is the principal 

reflecting region for long and short - distance HF communication due to its highest electron 

densities [7]. Figure 1 shows the main ionospheric layers during the day and night times. 

 
Figure 1: Day and night structure of the ionospheric layer [8]. 
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     The terrestrial ionosphere can be roughly divided into three geographic regions with 

relatively distinguished properties based upon their geomagnetic latitude. The low-latitude 

zone, which is below 30 degrees’ magnetic latitude. The second one is mid-latitude, which is 

between 30 and 59 degrees’ magnetic latitude, and the last one is high-latitude, which is 

between 60 and 90 degrees’ magnetic latitude and it is also called the auroral area [9,10].  
 
2. Ionospheric Critical Frequency Parameter  

     Various parameters are used to describe the ionosphere, the critical frequency parameter 

(fc) or (fo)is one of the most crucial parameters that can be used to study the ionospheric 

behavior both in quiet and disturbed conditions. It can be defined as the highest frequency 

signal, depending on the time of day and the day of the sunspot cycle, below which the waves 

will reflect directly back to the site from which it was transmitted. It is related to the 

maximum electron density of F2 layer (NmF2), according to the following equation [11,12]: 

 

(    )
  

       
 

     
                                                              ( ) 

where: 

foF2: critical frequency of the F2 layer. 

NmF2: maximum electron density of the F2 layer. 

e: electron charge. 

εo: vacuum permittivity. 

m: mass of electron. 

 

When radio waves with frequencies higher than the critical frequency of a certain layer are 

sent out, they pass through the layer and go into space. Radio waves with frequencies lower 

than the critical frequency will also reflect to Earth unless the lower layer either absorbs or 

refracts them [13]. 

 

3. Geomagnetic storms 

     The geomagnetic storms are the most important space weather phenomena; it represents 

the strongest disturbance in Earth's environment because of the large amount of energy 

transferred from the sun into the space around Earth. Geomagnetic storms occur when the 

Earth's magnetic field attracts ionized particles emitted from the sun by coronal mass 

ejections or coronal holes. The storm is supplied by solar wind energy captured by the 

magnetosphere, and transformed and dissipated in the high latitude upper atmosphere 

(ionosphere). Geomagnetic storms affect the complex morphology of the electric currents, 

winds, temperature and neutral composition, also cause changes in the state of ionospheric 

ionization [14,15]. Space weather phenomena are associated with geomagnetic storms intense 

storms can affect the Earth’s ionosphere and magnetosphere. Depending on the storm's 

commencement, latitude, and season, the ionosphere responds by increasing or decreasing 

electron density. During a storm, an increase in electron density is referred to as a positive 

ionospheric storm, while a decrease in electron density is referred to as a negative ionospheric 

storm [16,17].  

 

       Geomagnetic indices are fundamental evaluations of magnetic activity, such as the 

Disturbance Storm-Time (Dst) index, which is a measure of geomagnetic activity used to 

determine the intensity of magnetic storms. Dst is expressed in nanoteslas (nT) and is based 

on the hourly mean horizontal component of the Earth's magnetic field measured at four 

geomagnetic observatories near the equator [18]. Based on the minimum value of Dst during 

the time of storm occurrence, geomagnetic storms were classified by Loewe and Prolss 
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in1997 into weak (−30 ≥ Dst > −50), moderate (−50 ≥ Dst > −100), strong (−100 ≥ Dst > 

−200), severe (−200 ≥ Dst > −350) and great (Dst ≤ −350) [19]. Typically, a geomagnetic 

storm is comprised by three phases, namely: the initial phase, the main phase and the recovery 

phase. The initial phase is referred to as a Sudden Storm Commencement (SSC). The main 

phase is a defining feature of the geomagnetic storm throughout this phase, an energized 

plasma injection has increased the equatorial ring's current. The duration of the main phase is 

typically 2-10 hours. The recovery phase represents the period when the Dst index changes 

from its minimum value to its quiet time value. The duration of the recovery phase may last 8 

hours or it may extend to up to 7 days [20]. Figure 2 illustrates the phases of a geomagnetic 

storm.  

 

 
Figure 2: Phases of Geomagnetic Storms [9] 

 

       Atulkar, R., et al. (2014) studied the effect of solar and geomagnetic activities on the 

critical frequency (foF2) at high, mid and low latitude regions. The study’s findings revealed 

that the effect of solar and geomagnetic storm disturbances is stronger at the low latitude than 

at high latitude during geomagnetic storm times [21]. Kim, V. P., et al. (2015) studied the 

Response of the Mid-latitude F2 Layer to five strong geomagnetic storms during Solar 

Minimum years as observed by two pairs of ionosondes in different hemispheres. The results 

showed similar storm responses in foF2 during the equinox and no noticeable positive 

disturbances in foF2 during the December solstice magnetic storm at Northern Hemisphere 

station Wakkanai and Southern Hemisphere station Mundaring. Also showed that no positive 

ionospheric storms were observed during the events over the European "near the pole", but 

the “far-from-pole” Southern Hemisphere Station Port Stanley showed prominent 

enhancements in F2-layer peak electron density [22]. Atıcı, R., et al. (2020) studied the 

Global investigation of the ionospheric irregularities during the severe geomagnetic storm on 

September 7-8, 2017 by using the Total Electron Content (TEC) parameter obtained from 

fifty stations. The results indicated that a greater number of northern hemisphere stations 

observed ionospheric irregularities in mid-latitude regions than southern hemisphere stations 

[23]. Saleh, M. H., et al. (2021) studied the correlation of AE-index with solar wind 

parameters during strong and severe geomagnetic storms during the period (2012-2017) of the 

solar cycle 24. The correlation results between AE-index and solar indices (Bz, Bt and EF) 

showed that there was a good correlation between them and the correlation coefficients were 

within the range (0.63 - 0.74) [24]. 
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3. Test and Results 

      The objective of this research is to investigate of the influence of geomagnetic storms on 

the Earth’s upper atmosphere (Ionosphere Layer) at the northern and southern regions of the 

Earth’s mid-latitude regions during solar cycle twenty-three. The datasets of the hourly 

ionospheric critical frequency (foF2), geomagnetic index (Dst-index), and solar wind speed 

parameter (Vsw) were acquired from the following websites, respectively: GIRO DID Base 

(Global Ionospheric Radio Observatory) (http://giro.uml.edu/didbase/scaled.php), World Data 

Center for Geomagnetism, (WDC) Kyoto (http://wdc.kugi.kyoto-u.ac.jp/dst_final/index.html), 

and the NASA's Space Physical Data Facility (SPDF) (NASA/OMNI) 

(http://omniweb.gsfc.nasa.gov). The total geomagnetic storms that occurred in solar cycle 23 

with (Dst ≤ −100 nT) were about (125) storms. In this work, five different geomagnetic 

storms (strong, severe, and great) were adopted to study the impact of the geomagnetic storms 

on the Earth’s ionosphere layer. Table 1. presents information about the selected geomagnetic 

storms, their time, duration and type.  

 

Table 1: Selected magnetic storm events 

Event Date / 

Time (UT) 

Period of 

events 

Start of 

geomagnetic 

storm 

End of 

geomagnetic 

storm 

Duration 
DST 

(nT) 
Type 

16/07/2000  

00:00 

(11-

21)/07/2000 

15/07/2000   

19:00 

17/07/2000   

17:00 
46 h -300 Severe 

31/3/02001   

08:00 

(26/03-

5/04)/2001 

31/03/2001   

05:00 

02/04/2001  

18:00 
61 h -387 Great 

21/10/2001  

21:00 

(16-

26)/10/2001 

21/10/2001   

18:00 

24/10/2001  

11:00 
65 h -187 Strong 

06/11/2001  

06:00 
(1-11)/11/2001 

05/11/2001   

21:00 

08/11/2001  

13:00 
64 h -292 Severe 

24/08/2005  

11:00 

(19-

30)/08/2005 

24/08/2005   

10:00 

26/08/2005  

08:00 
46 h -184 Strong 

 

      The Impact of the geomagnetic storms was investigated by studying the variations of foF2 

parameter values during the storms time events at four different locations (stations), 

distributed in the northern and southern hemispheres. Two of the four selected stations are 

located in the northern mid-latitude region, which are: Millstone Hill and Rome, whereas the 

other two stations located in the southern mid-latitude region are: Port Stanley and 

Grahamstown. Table 2. presents the geographical coordinates of the chosen stations locations. 

 

Table 2. Geographical location coordinates (latitude and longitude) of the selected stations 

Stations Latitude Longitude Location 

Millstone Hill 42.6 N 288.50 W USA 

Rome 41.90 N 12.50 E Italy 

Port Stanley -51.60 S 302.10 W Falkland Islands 

Grahamstown -33.30 S 26.50 E Southern Africa 

 

     The influence of the selected geomagnetic storm events on the tested ionospheric 

parameter (foF2) for the northern and southern Mid-latitude hemisphere stations was 

examined. The examination was made for eleven days’ period corresponding to each tested 

event (five days before day of event, day of event, and five days after the event). Figures 3-7, 

presents samples of the variations of foF2 parameter for the five selected storm events. 

Figures’ panels depict the variations of foF2 parameter for the four selected stations 

corresponding to the Dst-index and Vsw for the hourly time variation (Hour of Day (HOD)).  

http://giro.uml.edu/didbase/scaled.php
http://wdc.kugi.kyoto-u.ac.jp/dst_final/index.html
http://omniweb.gsfc.nasa.gov/
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Figure 3: Variation of foF2 (c–f) corresponding to Dst index (a) and solar wind speed (b) for 

Millstone Hill (c), Port Stanley (d), Rome (e) and Grahamstown(f) stations during the 

geomagnetic storm period 19-29 August 2005. The shaded Blue column indicates the day of 

storm event and the vertical red line indicates the time of event. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Variation of foF2 with Dst index and solar wind speed during the geomagnetic 

storm period 16-26 October 2001 
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Figure 5: Variation of foF2 with Dst index and solar wind speed during the geomagnetic 

storm period 11-21 July.2000.  
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Variation of foF2 with Dst index and solar wind speed during the geomagnetic storm period 

1-11 November 2001 
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Figure 7: Variation of foF2 with Dst index and solar wind speed during the geomagnetic 

storm period 26 March- 5 April 2001. 

 

      In this study, variations of the foF2 ionospheric parameter during the periods of chosen 

geomagnetic storms events were described in terms of D(foF2), the normalized deviations of 

the critical frequency foF2 from the reference (quiescent’ days) [25] 

 

 (    )  
     (    )   

(    )   
                                                              ( )  

 

The variations in D(foF2) are expressed as a percentage of the critical frequency (foF2) from 

the reference. Positive and negative storms take place when the absolute maximum value of 

D(foF2) exceeds 20% [26]. The D(foF2) values was derived from the respective hourly foF2 

values during the five selected geomagnetic storms events for the selected stations, while the 

reference for each hour was determined by calculating the average value of foF2 during that 

hour from the data collected from three consecutive quiescent days for each event. The 

D(foF2) was investigated for five days' period (two days before and after the day of event). 

Figures 8-12, show the variations of the D(foF2) values during five geomagnetic storm for the 

selected stations.  

 

 

 

 

 

 

 

 

 

 



Breber and Hadi                              Iraqi Journal of Science, 2024, Vol. 65, No. 10(SI), pp: 9555- 3106 

 

6007 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Variations of D(foF2) for northern stations (Millstone Hill and Rome) and 

southern stations (Port Stanly and Grahamstown) during the storm period (19-23) 

October, 2001. 
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Figure 8: Variations of D(foF2) for northern stations (Millstone Hill and Rome) and 

southern stations (Port Stanly and Grahamstown) during the storm period (22-26) 

August, 2005. 
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Figure 10: Variations of D(foF2) for northern stations (Millstone Hill and Rome) and 

southern stations (Port Stanly and Grahamstown) during the storm period (14-18) July, 

2000 
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Figure 11: Variations of D(foF2) for northern stations (Millstone Hill and Rome) and 

southern stations (Port Stanly and Grahamstown) during the storm period (4-8) 

November, 2001 
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4. Discussion 

     In this research, the impact of five selected geomagnetic storms (strong, severe and great) 

on the ionospheric critical frequency (foF2) during solar cycle 23 was investigated. The 

investigation was conducted for different stations that lay over the northern and southern Mid-

latitude hemisphere regions, (Millstone Hill, Rome) and (Port Stanly, Grahamstown), 

respectively. The impact of the chosen geomagnetic storms on the ionospheric foF2 parameter 

depicted in Figures 3-7, will be discussed based on the storm type sequence (strong, severe, 

and great), as follow: 

 

- In figure 3, the storm event that occurred on August 24, 2005 at 11:00 UTC (strong storm 

type), the minimum recorded Dst value was (-184 nT) and the utmost recorded solar wind 

speed was about (721.64 km / s). As observed from the figure, there is a clear impact of the 

geomagnetic storm on the foF2 values during the day of the event at Millstone Hill station 

through the noticeable decrement in the values of the ionosphere parameter, also observed, 

there is a slight improvement of foF2 at Rome station. while the inversely impact was 

observed in the southern stations through the increase in the parameter values. Noting that the 

variation at the northern hemisphere stations was in summer time while the southern was in 

the wintertime.  

- For the storm event on October 21, 2001, at 21:00 UTC, (strong storm type), is shown in 

figure 4, the lowest Dst value recorded during that day was (-187 nT) and the solar wind 

speed increased reaching its highest value of (690.40 Km/s) on the 22
nd

 October. As figure 

showed, there was a noticeable impact of this storm on the southern stations, compared to 

northern stations, during the hour of event (21:00 UT). It causes a reduction of about 15% of 

foF2 value, which last for about two days of the storm, starting late of 21Oct. till (mid- 23Oct. 

in Port Stanley and to 24 Oct in Grahamstown) 

- In a storm event (main phase) on July 16, 2001 at 00:00 UTC, (severe storm type), is 

shown in figure 5, the lowest recorded Dst value was (-300 nT) while the highest recorded 

Vsw value was (975 Km/s). It has observed, due to the impact of the geomagnetic storm, there 

Figure 12: Variations of D(foF2) for northern stations (Millstone Hill and Rome) 

and southern stations (Port Stanly and Grahamstown) during the storm period (29 

March - 2 April), 2001.  
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was a fluctuation, abnormal behavior, and a reduction in the values of the ionospheric 

parameter foF2 at the northern stations compared to those at the southern stations that showed 

almost normal behavior. Except for Port Stanley station, where there was a slight increase in 

the parameter value during the daylight hours before the day of the storm 

- For the storm event that take placed on November 6, 2001 at 06:00 UTC, (severe storm 

type), 

as shown in figure 6, the lowest recorded Dst value was (-292 nT), while the highest recoded 

solar wind speed was (729.97 Km/s) on that day. Form the figure, the impact of the 

geomagnetic storm during the day of event was obvious on the ionospheric parameter values 

at both northern and southern hemisphere stations, by noting the decrease in the values of the 

ionospheric parameter foF2 especially during the hour of the event. This may be due to the 

fact that the event occurred during the autumn and spring season times at the northern and 

southern hemisphere stations, respectively. This means that the storms that occurred in the 

equinoctial seasons did not have a different impact on the values of the foF2 parameter 

between the northern and southern stations. 

- For the storm event on March 31, 2001, at 08:00 UTC, (great storm type), as shown in 

figure 7, the lowest recorded Dst value was (-387 nT), whereas the speed of solar wind 

increased and recorded to its highest value as (822.47 Km/s) on 1
st
 April, the day after the 

storm event. During the day of the event, a decrease in foF2 values were observed over all 

selected stations except Port Stanly station, After the day of storm, a slight decrease in the 

parameter values were observed at the northern stations and (Grahamstown) south station. A 

noticeable decline in the value of the foF2 parameter was also observed (during 2-3 Apr.) at 

Millstone Hill and Port Stanly stations. 

 

      The variations in D(foF2) values during the period from 22 to 26 August 2005, were 

illustrated in figure 8. The resulted D(foF2) reveled the existence of a negative storm with (-

47%) and (-38%) foF2 peak depletion during the storm event on 24 August 2005 over 

northern stations Millstone Hill and Rome, respectively. The opposite storm impact (positive) 

was observed at southern hemisphere stations, with increasing the D(foF2) values. At 

Grahamstown station during the 26August, there was a lack of data at hour 2, which caused 

this peak to appear in the data and thus was reflected in the special value calculations in the 

value of D(foF2) ratio. Figure 9, presents the variations in D(foF2) values of the selected 

stations for the period 19 to 23 October 2001. The figure showed the variations of D(foF2) 

values recorded a negative storm, through observing a deplete in foF2 values with (-44%) and 

(-57%) at Rome and Grahamstown stations during the day of event, especially during the hour 

of the storm. Figure 9 also showed that variations in D(foF2) at Millstone Hill and Port 

Stanley stations showed that the ionosphere recorded positive storm with (49%) and (29%) 

foF2 peak enhancement. respectively. Figure 10. the calculated D(foF2) values showed that the 

ionosphere recorded a negative storm through observing a depletion in foF2 values during the 

day of event (16 July,2000), where D(foF2) recorded a value of (- 61%) and (- 59%) at the 

northern stations (Millstone Hill and Rome, respectively). The variations of D(foF2) at the 

Port Stanley, revealed of a positive storm that was recorded on the day of the event, with an 

increment of foF2 parameter values for more than 99%. At Grahamstown station, a slight 

negative storm was recorded on the storm day with a decrease in D(foF2) value to about (-

33%) before it back to increase to (25 %) which revealed a slight positive storm. During the 

storm period from 1 to 11 November, 2001, the decrease in D(foF2) values was observed on 

the day of the storm event (main phase) (6 November,2001) at both southern and northern 

mid-latitude stations, as shown in figure 11. A decrement of about (-52%, -45%, -77%, and -

55%) in D(foF2) values was recorded at Millstone Hill, Rome, Port Stanley, and 

Grahamstown stations, respectively. Also, it was observed that the D(foF2) data variations 
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recorded a positive storm with (41%) and (38 %) peak foF2 enhancement at the firstly hours 

of the event day at Millstone Hill and Port Stanley respectively. Figure 12, illustrates the 

variations in D(foF2) values during the period from 29 March to 2 April 2001 at the northern 

and southern hemisphere stations. The figure showed a decrement in the D(foF2) values to 

about (-61%), (- 50%), and (-50%) at Millstone Hill, Rome, and Grahamstown, respectively, 

which indicate the existence of a negative storm during the day of event (31March,2001). At 

Port Stanley station, the ionosphere recorded a negative storm with a decrement of D(foF2) to 

about (-58%) after that increased to about (45%), indicating a positive storm occurred.  

 

5. Conclusions 

Based on the foregoing discussion of the five selected geomagnetic storm events, at northern 

and southern hemisphere stations, a set of conclusions can be summarized as follows: -   

 

1- The variations of the tested parameter (foF2) for two storm events (16 July,2000) and (24 

August,2005) showed that the impact of the negative storms was more obvious over the 

northern hemisphere stations (summer season time) than the southern hemisphere stations 

(winter season time), which witnessed improvement in foF2 values, it was more obvious at 

Port Stanley station. 

2- During the storm events on (31 March,2001) and (6 November 2001), the impact on the 

foF2 parameter values was observed at all northern and southern stations by noting a 

decrement in the critical frequency values during the day of the storm, this may be due to the 

fact that the storms occurred during the equinox seasons for both the northern and southern 

hemisphere stations. 

3- Throughout the storm event on October 21, 2001, Millstone Hill and Port Stanley stations 

experienced a very slight positive effect of the storm on the parameter value, but the 

occurrence of negative storms was more frequent, especially in the northern stations. 

 

4- The calculated percentage results of the ionospheric critical frequency (variations in 

D(foF2)) were in consistent with the behavior of the variation results of foF2 that illustrated 

in figures 3-7.   

 

5- The results showed that the impact of geomagnetic storms on the variations in foF2 

ionospheric parameter were stronger and clearer during the storms of severe and great type 

than in the strong storm. 

 

6- The variation results in foF2 parameter indicated that the time and type of storm 

occurrence had an important role in determining the extent of the influence of the 

geomagnetic storm on the ionospheric parameter in all tested stations. 
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