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ABSTRACT 

The sunspot number (SSN) is a standard indicator of solar activity and a recognised driver of ionospheric Total Electron Content (TEC). This study assesses how 

strongly SSN is reflected in GPS-derived TEC at eight equatorial and low-latitude stations in the Northern Hemisphere (geomagnetic latitudes 1.12°N to 26.58°N) 

during 2013, a year of moderate activity in Solar Cycle 24 with a mean monthly SSN of 64.7. For each station, monthly mean TEC from the five international 

quietest days of every month was compared with monthly SSN through linear regression and the Pearson correlation coefficient (r). Seven stations show positive 

correlations (r = 0.12 to 0.36), while SHEB shows a negligible negative value (r = −0.09). The largest coefficients occur at NAMA (0.36), ASAB (0.30) and BDMT 

(0.30). Stations within 12° of the geomagnetic equator average r ≈ 0.22, compared with r ≈ 0.14 for those beyond 20°. In a year of moderate solar activity, SSN 

therefore leaves a weak to moderate, latitude-dependent imprint on equatorial TEC, alongside substantial local and seasonal influences. 
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1. Introduction 

TEC is the integrated electron density along the path between a satellite and a receiver, counted per square metre of cross-section and expressed in TEC 

units (1 TECU = 10¹⁶ electrons per square metre). It determines the size of the ionospheric delay imposed on GNSS signals, understanding how it varies 

is a practical requirement for accurate positioning, navigation and communication (Rabiu et al., 2014). 

Near the geomagnetic equator, the daytime eastward electric field raises plasma to greater heights, from where it diffuses along magnetic field lines 

toward higher latitudes. This fountain process leaves a density trough over the equator, flanked by two crests that typically lie within about ±15° to ±20° 

of the magnetic equator, a structure known as the Equatorial Ionization Anomaly (EIA) (Appleton, 1946; Balan et al., 2018). The position and intensity 

of the crests shift with local time, season and solar activity. Low latitudes are consequently the region where TEC responds most strongly to the Sun, and 

also where it is most variable. 

Solar activity is commonly expressed through indices such as the sunspot number (SSN) and the 10.7 cm radio flux, F10.7, which are among the most 

widely used (Tapping, 2013). Sunspots mark cooler, magnetically active patches of the solar surface, and their count follows the roughly 11-year cycle 

in the Sun’s ultraviolet output. Higher SSN should therefore be accompanied by greater ionization and larger TEC. Consistent with this, GPS-TEC at 

equatorial stations in Nigeria and Peru rose from the minimum to the ascending phase of Solar Cycle 24 (Akala et al., 2013), and solar-cycle variation of 

TEC has been examined at Birnin Kebbi in northern Nigeria (Ogwala et al., 2019). The usefulness of SSN, F10.7 and photon flux for modelling and 

predicting TEC has also been evaluated with machine-learning methods (Benoit & Petry, 2021). Most comparisons contrast high with low solar activity 

(Jonah et al., 2015) or concentrate on the rising and declining phases of the cycle (Oron et al., 2013; Ogwala et al., 2022), and TEC over Nigeria has been 

characterised for 2011, a year with a sunspot number of 55.7 (Rabiu et al., 2014). To the authors’ knowledge, studies devoted specifically to the SSN 

dependence of equatorial TEC across a latitude chain in a year of intermediate activity are comparatively few. 

This paper addresses that gap by relating TEC to SSN at eight equatorial and low-latitude Northern Hemisphere stations in 2013, a year of moderate solar 

activity, with a mean monthly SSN of 94.9 (Table 1). 

2. Data and Methodology 

2.1 TEC data and stations 

TEC for 2013 was derived from GPS receivers at eight stations in the African and Arabian sector, spanning geomagnetic latitudes of 1.12°N to 26.58°N. 

They are Addis Ababa (ADIS) and Bahir Dar (BDMT) in Ethiopia, Asab (ASAB) and Sheb (SHEB) in Eritrea, NAMA and TAYS in Saudi Arabia, and 
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Rabat (RABT) and Tetouan (TETN) in Morocco (Table 2). So that geomagnetic storms would not distort the comparison, each month was represented 

by its five international quietest days (IQDs). Hourly TEC on those days was averaged to give one quiet-time monthly value per station. 

2.2 Sunspot number 

The monthly SSN values for 2013 are given in Table 1. They increase from 84.3 in April to 107.6 in December, which defines the range of solar activity 

available for the comparison. The mean of the twelve monthly values is 94.9. 

   Table 1: Monthly sunspot number (SSN) for the year 2013 (WDC–SILSO. (2025). 

 Month  SSN Month SSN 

January 86.6 July 94.6 

February 86.1 August 99.0 

March 84.4 September 104.7 

April 84.3 October 107.0 

May 87.0 November 106.9 

June 90.9 December 107.6 

.                

2.3 Correlation analysis 

At every station, the twelve monthly TEC values were plotted against the corresponding monthly SSN and a least-squares line was fitted. The Pearson 

correlation coefficient (r) was used to describe the relationship: its sign shows whether TEC rises or falls with SSN, and its magnitude shows how closely 

the points follow a straight line. 

3. Results and Discussion 

3.1 Direction and strength of the response 

Figure 1 presents the TEC–SSN scatter plots for the eight stations, each with its fitted line and coefficient, and Table 2 lists the coefficients in order of 

increasing geomagnetic latitude. 

 

Figure 1: TEC plotted against sunspot number (SSN) at the eight stations, with least-squares lines (red) and correlation coefficients (r). 
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Table 2: Station coordinates and correlation coefficient (r) between TEC and SSN, 2013. 

Station / Country Code Geographic latitude (°N) Geomagnetic latitude (°N) r (TEC–SSN) 

Addis Ababa, Ethiopia ADIS 9.04 1.12 0.21 

Bahir Dar, Ethiopia BDMT 11.59 2.80 0.30 

Asab, Eritrea ASAB 13.06 4.92 0.30 

Sheb, Eritrea SHEB 15.85 7.43 −0.09 

Saudi Arabia NAMA 19.20 11.49 0.36 

Saudi Arabia TAYS 28.50 20.86 0.13 

Rabat, Morocco RABT 33.99 23.86 0.17 

Tetouan, Morocco TETN 35.56 26.58 0.12 

 

TEC rises with SSN at seven of the eight stations, in line with the expectation that stronger solar ultraviolet and extreme ultraviolet emission produces 

more ionization. The coefficients are nevertheless modest, lying between −0.09 and 0.36. NAMA has the highest value (r = 0.36), followed by ASAB 

and BDMT (r = 0.30 each). ADIS (r = 0.21) and RABT (r = 0.17) are weakly positive, and TAYS (r = 0.13) and TETN (r = 0.12) are very weakly positive. 

SHEB is the only station with a negative coefficient (r = −0.09); the value is so close to zero that it signals the absence of a clear relationship rather than 

a genuine inverse one. 

3.2 Latitudinal dependence 

Averaging the coefficients gives r ≈ 0.22 for the five stations within 12° of the geomagnetic equator (ADIS, BDMT, ASAB, SHEB and NAMA) and r ≈ 

0.14 for the three beyond 20° (TAYS, RABT and TETN). The SSN signal in TEC is thus somewhat stronger across the equatorial and low-latitude belt, 

where background TEC is larger and both photoionization and fountain transport are more effective. NAMA, at 11.49°N geomagnetic latitude, is the 

station nearest to the expected EIA crest position (about ±15° to ±20°) and gives the highest coefficient, which suggests that TEC close to the crest is 

particularly sensitive to changes in solar activity. At the higher-latitude stations the weak response indicates that regional ionospheric dynamics, 

geomagnetic activity, local time and season matter more than SSN. 

The ordering with latitude is not strictly monotonic. SHEB (7.43°N) lies among stations with positive coefficients yet shows none, pointing to local 

influences at that site during the study period. Denser latitudinal coverage and a longer record would be needed to separate such local effects from the 

general trend. 

3.3 Comparison with earlier studies 

The positive but modest TEC response to SSN agrees in sign with the increase of equatorial TEC with solar activity reported for Lagos and Pucallpa 

(Akala et al., 2013) and with the examination of solar-cycle TEC variation at Birnin Kebbi (Ogwala et al., 2019). A weak positive correlation has likewise 

been reported between F10.7 and TEC perturbations over Uganda during the ascending phase of the cycle (Andima et al., 2015), although that study 

concerned perturbations rather than TEC itself. Weak or occasionally negative coefficients at individual stations can arise from geomagnetic disturbance, 

a delay between solar forcing and ionospheric response, and limitations of the measurements. Geomagnetic storms in particular strongly affect TEC at 

equatorial and low latitudes (Mishra et al., 2020) and produce TEC anomalies and irregularities over Africa (Anoruo et al., 2022). Because this study 

correlates one monthly value per station with monthly SSN, such influences are averaged together, which lowers the coefficients. 

4. Conclusion 

The effect of sunspot number on TEC was examined at eight equatorial and low-latitude Northern Hemisphere stations during 2013, a year of moderate 

solar activity. TEC is weakly to moderately and positively correlated with SSN at seven stations (r up to 0.36) and shows no meaningful relationship at 

the eighth (r = −0.09). The response is stronger on average at the five stations within 12° of the geomagnetic equator than at the three beyond 20°, and is 

highest at NAMA, the station closest to the EIA crest. SSN is therefore a contributing but not dominant influence on equatorial TEC at the moderate 

phase of the solar cycle, with local geophysical factors, season and geomagnetic conditions also playing substantial roles. These findings can inform 

ionospheric modelling and the design of satellite navigation and communication systems in the equatorial belt, and should be tested with multi-year data 

spanning several phases of the cycle. 
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