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ABSTRACT: In the present study, a single station spectra model of the F-region foF2 for the low latitude 

station Brisbane (27.47S,153.02E) is developed for the years 2008-2017 of the 24th solar cycle. In this work, 

regression analysis is performed to explore the solar and geomagnetic correlation of foF2, and Fourier 

analysis method is employed to illustrate the diurnal fluctuation. A polynomial formula is utilized to 

include the sunspot number (R.no) into both models to represent the dependency of foF2 on solar activity. 

The results shows that linear and quadratic regression models have a high correlation with the observed 

valued, but the multiple regression model has to be modified. Modifications are also required for the 

Fourier expansion model to minimize the percentage error in order to move towards perfection. 
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INTRODUCTION 

Several regional and single-station foF2 models have 

been developed for various locations across the world 

to understand ionospheric behavior and improve 

forecasting accuracy. Many academician, however, 

have developed the single-station model (SSM) for a 

specific station (Moraitis et al., 1991; Sizun, 1991; 

Dick and Bradley 1992; Pancheva and Mukhtarov 

1998; Liu et al., 2004; Xu, 2008). The key advantages 

of the SSM are as follows: (1) more accurate findings 

for a given ionosonde station than the global one, and 

(2) updating an SSM is often a simple task (Pancheva 
and Mukhtarov 1996). Furthermore, it is well 

understood; foF2 is strongly dependent on solar 

activity. 

Foundational models, including those by Bradley and 

Dudeney (1999); Hanbaba (1999), applied techniques 

such as modified spherical harmonic analysis, empirical 

orthogonal functions, and multi-quadric interpolation to 

improve ionospheric representation. In the earlier 

phases, Bent et al. (1972) created models addressing 

ionospheric refraction for satellite communications, 

utilizing extensive datasets including Alouette 1 topside 
soundings and bottomside ionograms. These efforts 

provided a robust empirical basis for modeling the F-

region up to 1000 km altitude. 

The strong dependence of foF₂ on solar activity is well 

established. Sunspot number (R) has been the 

traditional index for quantifying solar activity, given its 

long historical record and predictive utility (Caruana, 

1990; Mikhailov & Mikhailov 1995). Other works have 

modeled ionospheric properties based on single-site 

measurements (Stanilawaska et al., 1991; Apostolov et 

al., 1994), often employing Fourier expansions and 

empirical methods (Zolesi et al., 1993; De Franceschi 

& Desantis 1994). 

In recent years, technological advancements have led to 

the integration of machine learning techniques in 

ionospheric modeling. Poole & McKinnell (2000) 

introduced neural network-based predictions, and newer 

models using Long Short-Term Memory (LSTM) 

networks and Informer architectures have demonstrated 

superior capabilities in modeling both quiet and 

disturbed ionospheric conditions (Zhang et al., 2024; 
Qiao et al., 2022). These models utilize deep learning to 

capture complex temporal dependencies in foF₂ 

variations at stations like Brisbane, Canberra, and 

Hobart. 

Recent studies have also questioned the adequacy of 

traditional solar activity proxies. Lastovicka (2024) 

suggested that the F30 index is a more suitable solar 

proxy than sunspot numbers or F10.7 for capturing 

long-term trends in foF₂, especially at mid-latitudes. 

Meanwhile, Cao et al. (2022) demonstrated that higher-

order polynomial models offer improved correlation 
with solar indices during the 24th solar cycle, 

particularly in low-latitude regions. Additionally, 

localized studies confirm that geomagnetic activity 

significantly modulates foF₂, especially during 

geomagnetic storms (Perrone et al., 2022; Ippolito et 

al., 2020). 

However, despite these advancements, several 

important research gaps persist. First, low-latitude 

stations such as Brisbane remain underrepresented 
in the literature, even though they are uniquely 

International Journal of Theoretical & Applied Sciences,   17(2): 22-30(2025)    

 

 

 

 

 

ISSN No. (Print) : 0975-1718 

                                                                                                                                                    ISSN 

No. (Online) : 2249-3247 

 



Bhanupriya  et al.,  International Journal of Theoretical & Applied Sciences    17(2): 22-30(2025)                     23 

influenced by equatorial ionization anomalies and 

related electrodynamic processes. Second, the 24th 

solar cycle—characterized by unusually weak and 

irregular solar activity—has not been sufficiently 

analyzed in terms of its impact on monthly median foF₂ 
at low-latitude stations. Third, while various solar and 

geomagnetic indices (R, F10.7, F30, Ap, Kp) are 

used, there is limited integration of these proxies in 

predictive models, particularly for monthly median foF₂ 

values. Lastly, many machine learning-based models 

prioritize forecasting performance but lack 

interpretability, reducing their utility in advancing 

scientific understanding of ionospheric dynamics. 

This study aims to address these gaps by investigating 

the relationship between solar activity, geomagnetic 

activity, and monthly median foF₂ at the Brisbane 

ionosonde station during Solar Cycle 24. This study 
seeks to improve not only prediction accuracy but also 

the physical interpretation of ionospheric behavior in 

low-latitude regions. 

Data and Method of Analysis. The foF2 data were 

taken from the Brisbane station (geographic 

27.47S,153.02E) in Australia for 2008-2017 during 24th 

Solar cycle in model to develop a single station spectra 

model of the F-region. In this study, hourly estimates of 

the monthly median of foF2 for Brisbane (2008- 2017). 

The regression analysis is used to investigate the solar 

activity and geomagnetic activity relationship of foF2. 
The first regression model is a linear approximation of 

the association between foF2 and sunspot Number R. 

foF2(h, m)=Ao(h, m)+ A1(h,m).R 

Where h and m are the hour and month of interest, 

respectively, whereas A0 and A1 are two matrices of 

24x12=288 coefficients for each hour of the day and 

month of the year, respectively, and R is the twelve-

month running mean value of the sunspot number. 

The second-degree regression is predicted to improve, 

and the quadratic connection between the number of 

sunspots R and foF2 is stated as 

foF2(h,m)= Bo(h,m)+ B1(h,m).R+ B2(h,m)R
2 

Where Bo, B1 and B2 also are the coefficients at 
specified time, h and month m. Further significant 

improvement is expected from a multiple regression 

model taking geomagnetic activity into account. 

Therefore the third regression model can be expressed 

as 

foF2(h, m)=Co(h,m) +C1h,m R+C2h,m R
2
+C3h,m Ap 

R+C4h,m Ap+C5h, m A 
2
 

Where Ap is twelve-month running mean values. Co to 

C5 are coefficients at given local time h for different 

month m, in which C3 represents of coactions of solar 

and geomagnetic activity amplitude, while C4 and C5 

are the geomagnetic activity amplitudes (Dominici and 

Zolesi 1987). The diurnal variations can be expressed 

by a Fourier expansion of cosine and sine functions 
with period of 24 hours and higher harmonics. In this 

way, the diurnal variation of foF2 can be expressed as 

foF2 (h,.m) = Co,m +(A i,m COS 2πih /T +B i,m sin 2πih/ T) 

Where h is local time, i = 1to N and N=6 is the 

harmonic number. Co,m , A i,m, B i,m are the Fourier 

coefficient. Harmonic Analysis method is used to 

determine  the  values  of  coefficients Co,m, A i,m  and  

B i,m. (Liu et al., 2004). 

RESULTS 

Fig. 1 and 2 shows the sample fit results from 2008 to 

2017 for 0 LT and 12 LT, Fig. 1 displays the monthly 

median foF2's responses to solar activity as measured 
by the monthly mean sunspot number R at local time 0 

LT in Brisbane. It has been observed that the foF2 is 

linearly dependent on solar activity throughout in the 

months of March and April of Equinox, in the month of 

May, July, and August of Summer, and in the month of 

November for winter. The remaining months exhibit a 

non-linear relationship with solar activity during the 

period 2008-2017 for 24th solar cycle. 

Fig. 2 displays the monthly median foF2's responses to 

solar activity as reflected by the monthly mean sunspot 

number R at local time 12 hours in Brisbane from 2008-
2017 during 24 th solar cycle. It is clear from the figure 

that in the winter months (January and November), the 

equinoctial months (March, April, and September), and 

the summer months (March, April, and September), 

there is a strong linear relation between foF2 and solar 

activity. The rest of the months are non-linearly 

dependent on solar activity. 

The diurnal fluctuations in standard deviations of foF2 

for the three regression fitted models with observed 

values are shown in Fig. 3; this shows that the first and 

second-degree regressions of foF2 shows the same 

variation in observed foF2, but the multiple regression 
model exhibits different variation as compared to 

observed foF2. 

Fig. 4 shows a comparison of model based on fourier 

analysis and observed diurnal fluctuation of foF2 in 

Brisbane, Australia, during the 24th solar cycle, for ten 

years (2008-2017). This is observed from the figure that 

the percentage error(≤20%) is higher than the standard 

percentage error(≥20%) from 4LT to 8LT, 11LT to 

12LT, and 20LT to 22LT at low latitude station 

Brisbane during 24th solar cycle. 
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Fig. 1. The responses of the monthly median foF2 to solar activity represented by the monthly mean sunspot number 

R at local time 0 hours at Brisbane from 2008 to 2017. The linear and quadratic fits are represented by dashed lines, 

and solid lines and observed data displayed with dots. 



Bhanupriya  et al.,  International Journal of Theoretical & Applied Sciences    17(2): 22-30(2025)                     25 

 

 

 

 

 

 

 

 

 

 

  

   

Fig. 2. The responses of the monthly median foF2 to solar activity represented by the monthly mean sunspot number 

R at local time 12 hours at Brisbane from 2008 to 2017. The linear and quadratic fits are represented by dashed 

lines, and solid lines and observed data displayed with dots. 
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Fig. 3. The diurnal fluctuations in standard deviations for the three regression fitted models using observed values. 
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Fig. 4. Year wise variation of observed values (red line) and modeled values (blue line) for all the years from 2008 to 

2017 for the Brisbane station. 
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DISCUSSION 

Single-station models are valuable and frequently 

considered as the apex of any ionospheric service since 

global models may spread out features peculiar to a 

given region (Holt et al., 2002; Pancheva and 
Mukhtarov 1998; Liu et al., 2004; Xu, 2008). Solar 

radiation primarily causes ionospheric electron density, 

so electron density in the F region increases with 

increasing solar activity (Balan et al., 1994; Kouris, 

1998; Richards, 2001; Sethi et al., 2002), whereas 

monthly median foF2 increases in a more complicated 

way (Kouris, 1998; Richards, 2001). 

The monthly median foF2 increases in linearly with 

long-term solar activity; but only approaches saturation 

during extremely high solar epochs (Kane, 1992; Liu et 

al., 2003). Furthermore, several investigations have 

revealed a non-linear relationship between foF2 and 
solar activity. Our findings also shows that solar activity 

varies linearly and non-linearly. Xu (2008); first 

reported this phenomenon based on data from the 

Chongqing station in China from 1977 to 1997, 

indicating that the phenomenon may exist in mid-

latitude China but requiring further ionosonde 

observations data to validate. 

Over Sofia, Pancheva and Mukhtarov (1994), 

developed a single-station spectral model using R and 

Ap. In numerous cases, they found that an increase in 

the monthly standard deviation corresponded to an 
increase in the geomagnetic activity index aa. Long-

term prediction models should contain not only R as 

well as some solar indexes and geomagnetic indexes, 

two important factors that have gotten little attention to 

date (Kane, 1992). The climatological models explain 

the characteristics of foF2 and their variations across 

time, season, and solar cycle. 

The degree of solar activity and geomagnetic 

disturbances has a major impact on the ionosphere. A 

multiple regression model that takes geomagnetic 

activity into account has to be improved even more. 

Our results show that the first and second-degree 
regression models indicate variations in good 

agreement with observed variations; however, the third-

degree regression model requires modifications. For 

low and medium sunspot counts; the relationship is 

basically linear, but foF2 has a saturation effect (Huang, 

1963; Kane, 1992). As a result, a second-degree 

relationship between foF2 and solar activity indices is 

commonly used (Sizun, 1992; Xenos et al., 1996; 

Pancheva and Mukhtarov 1998). 

For determining the electron concentration at places in 

and around the northern equatorial anomaly crest for 
minimum solar conditions, Bhuyan and Tyagi (1984) 

devised a semi-empirical model based on harmonic 

analysis. Harmonic coefficients are seasonal in all 

places, they observed. In worst-case scenarios, a set of 

25 coefficients made up of the mean, first, and second 

harmonics are demonstrated to be sufficient for 

computing the electron content to within 15% of the 

reported values. This model does not require the 

integration of electron density profiles because it uses a 

precalculated set of coefficients as input. Our results 

shows percentage error more than 20% at some points 

henceforth need to modify to minimize the error. 

CONCLUSIONS 

This study explored the relationship between solar and 
geomagnetic activity and the monthly median foF₂ 

values at the low-latitude ionosonde station in Brisbane 

during Solar Cycle 24. Several modeling techniques 

were employed to evaluate how well different statistical 

and empirical methods represent foF₂ variability under 

varying solar conditions. 

The findings indicate that the monthly median foF₂ 

response to solar activity, represented by the monthly 

mean sunspot number (R), exhibits both linear and 

nonlinear characteristics at local times 0 and 12 hours. 

While linear and quadratic regression models largely 

followed the observed trends in foF₂, the multiple 
regression model displayed inconsistent patterns, 

suggesting that refinements are needed to improve its fit 

and reliability. 

Further, diurnal variations in foF₂ were assessed using a 

Fourier analysis approach over the period 2008–2017. 

Notably, larger percentage errors were observed during 

specific time intervals between 4–8 LT, 11–12 LT, and 

20–22 LT indicating limitations in the model’s 

accuracy during these periods. To enhance its precision, 

adjustments to the Fourier model are necessary, 

particularly to reduce errors during these peak 
fluctuation times. 

Beyond these model-specific insights, the study 

addresses several critical issues in ionospheric 

modeling. Most notably, low-latitude regions like 

Brisbane remain significantly underrepresented in the 

global modeling landscape, despite their distinctive 

electrodynamic behaviors influenced by the equatorial 

ionization anomaly. Moreover, Solar Cycle 24’s 

relatively weak and irregular nature adds complexity to 

foF₂ modeling, underscoring the need for cycle-specific 

analyses. 

A further limitation identified is the insufficient 
integration of multiple geophysical indices such as 

F10.7, F30, Ap, and Kp into current predictive 

frameworks. Existing models often rely on single-proxy 

inputs, which may not adequately capture the 

multifactorial influences on ionospheric conditions. 

While machine learning approaches such as LSTM and 

Informer models offer high predictive accuracy, their 

lack of interpretability presents challenges for scientific 

understanding and validation. 

In conclusion, the study highlights the need for more 

refined, interpretable, and region-specific foF₂ models. 
Improving model accuracy during critical local time 

intervals, integrating multiple geophysical indices, and 

addressing the modeling gaps specific to low-latitude 

regions like Brisbane are essential steps toward 

advancing ionospheric science and operational 

forecasting. 
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FUTURE SCOPE 

Future research may benefit from the following 

directions: 

1. Development of Multi-Proxy Models: Integrating 

multiple solar and geomagnetic indices) can provide a 
more comprehensive picture of foF₂ variability, 

especially for monthly and seasonal timescales. 

2. Comparative Regional Studies: Expanding the 

analysis to include other low-latitude and equatorial 

stations will help determine the spatial consistency of 

foF₂ responses under similar solar conditions. 

3. Real-Time Forecasting Systems: Building 

interpretable, real-time forecasting models that can 

operate effectively during geomagnetic disturbances. 

4. Cycle 25 Analysis: As Solar Cycle 25 unfolds, 

comparing it with Cycle 24 could reveal how foF₂ 

patterns evolve with solar cycle strength and variability. 
5. Data Assimilation Techniques: Future work can 

incorporate satellite-based and GNSS-derived 

ionospheric data for real-time assimilation to enhance 

model accuracy and coverage. 
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