
International Journal of High Energy Physics 

2026, Vol. 12, No. 1, pp. 9–19 

https://doi.org/10.11648/j.ijhep.20261201.12 
 

 

 

 

Received: 25 March 2026; Accepted: 7 May 2026; Published: 26 May 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

Research Article 

Investigation of Solar Eclipse-induced Variations in Total 

Electron Content over Ethiopia During 26 January 2009 and 

20 March 2015 

Debrie Ayalew1, * , Shambel Gizachew2 , Melkamu Habtamu3 

1Department of Physics, Debre Markos University, Debremarkos, Ethiopia 

2Department of Physics, College of Natural and Computational Science, Debremarkos, Ethiopia 

3Werbecha Secondary School, Hossana, Ethiopia 

 

Abstract 

Solar eclipses provide unique opportunities to study how the ionosphere responds to rapid changes in the ionization rate. The 

partial solar eclipse of January 26, 2009, and the partial solar eclipse of March 20, 2015, offered opportunities to understand 

ionospheric electron density variations along the annularity path during solar minimum and geomagnetic quiet periods. For this 

analysis, various ground-based GPS stations located along the annularity line were selected and divided into three major regions: 

namely, Bahir Dar, Arbaminch, and Robe stations. We analyzed the temporal and spatial vertical total electron content (VTEC) 

variations before, during, and after these events, while comparing the observed changes between the two eclipse periods. On 

January 26, the eclipse day, a noticeable depression in VTEC is observed during the eclipse interval, which began at 04: 57 UT, 

reached its maximum obscuration (55 - 65% coverage) at 07: 59: 44 UT, and ended around 09: 55 UT. This reduction corresponds 

to the temporary decrease in solar radiation reaching the Earth’s ionosphere. The VTEC variations observed over the Bahir Dar 

station during January 25-27, 2009, clearly demonstrate the ionospheric response. On the non-eclipse days (January 25 and 27, 

2009), the TEC followed a normal diurnal trend, increasing after sunrise, peaking around midday, and decreasing toward night. 

In contrast, on the eclipse day, the TEC curve shows a pronounced depression during the eclipse interval. The comparison of 

TEC variation on consecutive days reveals that, on the reference day of 19 March 2015 (before the eclipse), the maximum VTEC 

was approximately 26 TECU. In contrast, on 20 March 2015 (the eclipse day), the maximum VTEC was approximately 24 

TECU. This clearly demonstrates the effect of the partial solar eclipse on March 20, 2015, over BDR. The VTEC variations 

observed at the BDR station on 20 March 2015 show an approximate 20% reduction, corresponding to the temporary decrease 

in solar radiation reaching Earth's ionosphere. 

Keywords 

Solar Eclipse, VTEC, Geomagnetic Storm, Ionospheric Variability 

 

 
 

 

http://www.sciencepg.com/journal/ijhep
http://www.sciencepg.com/journal/124/archive/1241201
http://www.sciencepg.com/
https://orcid.org/0009-0002-8202-7989
https://orcid.org/0009-0006-2947-1713
http://www.sciencepg.com


International Journal of High Energy Physics http://www.sciencepg.com/journal/ijhep 

 

10 

1. Introduction 

The ionosphere is the ionized region of upper atmosphere 

that varies from place to place and from time to time [1, 2]. It 

affects the propagation of radio waves, so to examine iono-

spheric variation is crucial for navigation and telecommunica-

tion [1, 3]. 

The ionosphere is primarily created through the photoioni-

zation of neutral molecules caused by solar extreme ultraviolet 

(EUV) and soft X ray radiation in the sunlit hemisphere [4, 5]. 

However, variations in its composition and behaviour also de-

pend on changes in EUV intensity, as well as levels of solar 

and geomagnetic activity [6, 7]. 

The ionosphere, an ionized layer in Earth's upper atmos-

phere, contains enough free electrons to significantly impact 

radio wave propagation. As a dispersive medium, it pro-

foundly affects satellite navigation and communication sys-

tems [8, 9]. 

Theoretically, different periods of ionospheric physical pro-

cess can be studied by detecting and analyzing the temporal 

variations of TEC [10, 11]. TEC is characterized by spatial and 

temporal variations that can be traced primarily to changes in 

solar radiation with time and geographic location, magnetic 

activity and solar eclipse [12]. 

During a solar eclipse, the Earth's ionosphere experiences 

significant effects, including total electron content (TEC), 

plasma frequency, and radio propagation [13]. 

A solar eclipse is an event that directly impacts the Earth's 

ionosphere. This phenomenon causes noticeable changes in 

the ionosphere [14]. It happens when the Moon moves be-

tween the Earth and the Sun, putting its shadow on the Earth 

and completely or partially blocking the Sun from the perspec-

tive of an observer on Earth [13, 15]. 

Eclipses are connected with the rapid and short time, im-

pulse-like decrease of the solar energy flux reaching the area 

of its visibility, which can be exactly predicted before the oc-

currence of the phenomenon [15, 16]. 

Solar eclipses offer a unique opportunity to examine how 

rapid decreases and increases in solar radiation over a short 

time period impact various regions of the Earth's atmosphere. 

Consequently, numerous previous studies have investigated 

the response of the upper atmosphere and ionosphere to solar 

eclipses [15, 17]. During a solar eclipse, the Sun's radiation 

that reaches Earth decreases, leading to reduced ionization of 

atoms and a lower electron density in the ionosphere [18]. 

A solar eclipse is a natural phenomenon that occurs when 

the moon appears between the Sun and the Earth, and the 

moon fully or partially blocks the Sun, casting a shadow over 

the Earth [19]. When a solar eclipse occurs, with the Moon 

positioned between the Sun and the Earth, it can lead to 

changes in the ionosphere [20]. The reduction in solar radia-

tion causes a decrease in ultraviolet (UV) solar flux, which in 

turn impacts all ionospheric layers [19]. A total solar eclipse 

causes an abrupt and brief drop in solar radiation, which can 

lead to a significant decrease in the ionospheric electron den-

sity (Ne) around the time of maximum coverage [21, 22]. This 

decrease in TEC during the eclipse period can have significant 

effects on radio wave propagation and communication sys-

tems [23]. Several studies have previously investigated how 

solar eclipses affect the ionospheric total electron content 

(TEC) at various locations around the Earth [21]. 

This study seeks to determine the key parameters of iono-

spheric total electron content variations caused by the partial 

solar eclipses on January 26, 2009, and March 20, 2015, using 

GPS data gathered from three Ethiopian stations. 

2. Study Area Description, Data Source 

and Methodology 

2.1. Study Area Description and Data Sources 

We analyzed the response of ionospheric TEC variation 

during partial solar eclipse events, GPS (Global Positioning 

System) dual-frequency observation data were collected from 

three Ethiopian stations: Bahir Dar (11.6°N, 37.4°E), Arba-

minch (6.0°N, 37.6°E), and Robe (7.1°N, 40.0°E). These data 

were used to observe ionospheric TEC variations during the 

solar eclipses on 26 January 2009 and 20 March, 2015 oc-

curred during different solar Cycle. 

The ionospheric TEC data were obtained from the UNA-

VCO (University NAVSTAR Consortium) website. Data 

gained from this web, used to estimate the TEC along a ray 

path between a GPS satellite and receiver on the ground [24]. 

The experimental VEC finally import in to MATLAB work 

space and analyze the data. Additionally, geomagnetic indices 

Kp and Dst data for the studied events were retrieved from 

astronomical data. This study seeks to examine solar eclipse-

induced TEC variations across Ethiopia by assessing temporal 

and spatial changes during the partial solar eclipses of January 

26, 2009, and March 20, 2015, while comparing the responses 

from stations at Bahir Dar, Robe, and Arbaminch. 

2.2. Methodology 

Total electron content (TEC) serves as a key parameter for 

characterizing Earth's ionosphere. It quantifies the total num-

ber of electrons along a GPS signal's path from satellite to re-

ceiver through the ionosphere. TEC is expressed in TECU, 

where 1𝑇𝐸𝐶𝑈 = 1𝑥 1016𝑒/ 𝑚2 [24, 25]. From a physical 

standpoint, the total electron content is, to first order, defined 

as the line integral of the electron density along the signal path 

between the GPS satellite and the ground receiver [26-28]. 

The wave propagation through the medium is characterized 

by index of refraction, and can be expressed as follows: 

𝑛 =
𝑐

𝑣
                    (1) 
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Whre c is the speed of light in vacuum, and v, is the velocity 

of the wave in medium. 

The ionosphere is not a homogenous medium. The phase 

index of refraction at a given location in the ionosphere, np, 

can be expressed by the Appleton-Hartree formula. 

𝑛𝑝
2 = 1 −

𝑋

1−𝑗𝑍−
𝑦𝑇2

2(1−𝑋−𝑗𝑍)
±√

𝑦𝑇4

4(1−𝑋−𝑗𝑍)2+𝑌𝐿2         (2) 

Where 𝑋 =
𝑁𝑒𝑒2

𝜀0𝑚𝜔2=
𝜔𝑝

2

𝜔2  

𝑌𝐿 =
𝑒𝐵𝐿

𝑚𝜔
=

𝜔𝐻𝑐𝑜𝑠𝜃

𝜔
  

𝑌𝑇 =
𝑒𝐵𝑇

𝑚𝜔
=

𝜔𝐻𝑠𝑖𝑛𝜃

𝜔
  

𝑍 =
𝑣

𝜔
,𝜔 = 2𝜋𝑓  

Where f is the system operating frequency in Hz, in our case 

the GPS frequency. 

e = electron charge (e = −1.602 × 10−19 C) 

𝜀 is permittivity of free space (𝜀 = 8.854×10−12 Fm−1) 

m = rest mass of an electron 

(kg =9.107 × 10−31) 

𝜃= the angle of the ray with respect to the Earth’s magnetic 

field. 

𝑣 the electron-neutral collision frequency 

𝜔𝐻 the electron gyro frequency. 

𝑁𝑒 the electron density, and the L and T subscripts refer to 

the transverse and longitudinal components of the magnetic 

field. The plus and minus sign in equation (2) indicates that 

the complex refractive index may take two different values. 

For an electromagnetic wave at ultra-high frequencies 

(UHF), as is the case for GPS signals, both the electron-neutral 

collisions and the effects of the geomagnetic field on the re-

fractive index are negligible (𝑌𝑇 = 𝑌𝐿 = 𝑍 = 0). In such case 

the refractive index has only a real part. 

𝑛𝑝
2 = 1 − 𝑋 = 1 −

𝜔𝑝
2

𝜔2
               (3) 

At UHF X <<1 and so the Binomial theorem can be used to 

then obtain: 

𝑛𝑝 = 1 −
𝑋

2
= 1 −

𝑁𝑒𝑒2

2𝜀0𝑚𝜔2 = 1 −
𝑁𝑒𝑒2

8𝜋2𝜀0𝑚𝑓2 = 1 −
𝐾𝑁𝑒

2𝑓2   (4) 

Where 𝐾 =
𝑒2

4𝜋2𝜀0𝑚
= 80.69 𝑚3

𝑠⁄ . 

By substituting values of constants e, m and 𝜀0 in equation 

(3), the phase index of refraction can be expressed by 

𝑛𝑝 = 1 −
40.3𝑁

𝑓2                    (5) 

Therefore, the phase index of refraction mainly depends on 

the electron density N, and the radio-wave frequency. 

The group index of refraction can be derived from the rela-

tion: 

𝑛𝑔 = 𝑛𝑝 +
𝑓𝑑𝑛𝑝

𝑑𝑓
= (1 −

40.3𝑁

𝑓2 ) +
80.3𝑓𝑁

𝑓3 = 1 +
80.3𝑁

𝑓2    (6) 

The group delay can be written as: 

𝐼∅,𝑔 =
80.6

2𝑓2 ∫ 𝑛𝑒𝑑𝑠 =
40.3

𝑓2 𝑇𝐸𝐶(𝑚)         (7) 

All GPS satellites transmit on two L band frequencies 

(f1=1575.42MHz) and (f2=1227.60MHz), both derived from a 

base frequency (f0=10.23MHz). By measuring the ionospheric 

group delay and carrier phase advance on the 𝐿1 and 𝐿2 sig-

nals, the STEC (slant TEC) the TEC along the line-of sight 

path can be computed as follows [24, 29]: 

𝑆𝑇𝐸𝐶 = ∫ 𝑛𝑒𝑑𝑠
𝑠

𝑅
              (8) 

Where STEC total electron content [𝑚−2]. 

During data processing, we apply a single shell ionosphere 

model at an altitude of 400 km Where S and R stands for sat-

ellite and receiver respectively. 𝑛𝑒 is the ionosphere electron 

density [30]. In calculating the TEC the ionosphere is consid-

ered as a thin shell and the ionosphere pierce point (IPP), 

which is the point at which the signal from the satellite just 

inters ionosphere, is at 400 km from the Earth’s surface. 

𝐼∅,𝑔 =
80.6

2𝑓2 ∫ 𝑛𝑒𝑑𝑠 =
40.3

𝑓2 𝑇𝐸𝐶(𝑚)          (9) 

Where𝐼∅,𝑔 represents the group and phase delay. A dual fre-

quency GPS receiver measures the ionospheric delay between 

the f1 and f2 signals [26, 31]. 

This can be written as 

𝑃2 − 𝑃1 = 40.3𝑇𝐸𝐶 (
1

𝑓2
2 −

1

𝑓1
2)            (10) 

Where 𝑃2 and 𝑃1 are the group lengths of f1 and f2. 𝑓1 and 

𝑓2 are the corresponding frequencies. Rearranging this we get 

TEC as 

𝑇𝐸𝐶 =
1

40.3
[

𝑓1
2𝑓2

2

𝑓2
2−𝑓1

2] (𝑃2 − 𝑃1)             (11) 

STEC can be converted to vertical TEC (VTEC) by assum-

ing the penetration point of the satellite signal with the iono-

sphere thin shell at a height of 400 km (𝑓2 region peak) [32]. 

𝑉𝑇𝐸𝐶 = 𝑐𝑜𝑠𝒳. (𝑆𝑇𝐸𝐶)           (12) 

Where 𝒳 is the angle of incidence at 400 km of the GPS 

ray path from satellite to ground receiver. An oblique factor 

𝑐𝑜𝑠𝒳 is defined as 
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𝑐𝑜𝑠𝒳 = √1 − (
𝑅𝐸𝑐𝑜𝑠𝑒

𝑅𝐸+ℎ𝑚
)

2

             (13) 
According to STEC conversion to VTEC has deficiencies. 

This is because electron density is assumed to be concentrated 

in a two dimensional layer at a height of 400km [33, 34]. 

 
Figure 1. To determine its total electron content, the ionosphere is modeled as a thin shell at a nominal height of 400 kilometers [34]. 

3. Results and Discussion 

The impact of solar eclipses on the ionosphere TEC is sig-

nificant due to the sudden reduction in solar radiation, which 

temporarily disrupts ionization processes in the ionosphere. 

The magnitude of TEC reduction depends on factors such as 

eclipse magnitude, local time, season, and geographic location. 

Such variations provide valuable opportunities to study the 

dynamic behavior of the ionosphere under abrupt solar forcing 

conditions [13]. 

 
Figure 2. The variations in VTEC at the BahirDar station during the days before, during, and after the partial solar eclipse on January 26, 

2009. 

The above three graphs present the VTEC variation over 

BahirDar station during the days surrounding the partial solar 

eclipse of January 26, 2009. On the reference days, January 

25 and 27, the VTEC values show a typical diurnal pattern, 

gradually increasing after sunrise, peaking during midday, and 

then decreasing toward nighttime. However, on January 26, 

the eclipse day, a noticeable depression in VTEC is observed 

during the eclipse interval, which began at 04: 57 UT, reached 

its maximum obscuration (55 - 65% coverage). On the refer-

ence day, 25 January 2009, before the eclipse, TEC varies dur-

ing the eclipse period (5 UT to 09: 57 UT) from 10 TECU to 

18 TECU. After the eclipse day, on 27 January 2009, TEC var-

ies from 10 TECU to 14 TECU. However, on the eclipse day, 

26 January 2009, TEC varies from 7 TECU to 12 TECU, 

which is the minimum compared to the selected reference 

days. 
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This reduction corresponds to the temporary decrease in so-

lar radiation reaching the Earth’s ionosphere. Limiting ioniza-

tion and thus lowering the electron density compared to non-

eclipse days. After the eclipse ended, the VTEC trend gradu-

ally recovered and followed a relatively normal pattern. This 

clearly illustrates the ionospheric response to the solar eclipse, 

where reduced solar EUV flux during the obscuration period di-

rectly suppressed the ionization process [35, 36]. The VTEC vari-

ations observed over the Bahir Dar station during January 25-27, 

2009, clearly demonstrate the ionospheric response to the partial 

solar eclipse of January 26, 2009. On the non-eclipse days (January 

25 and 27, 2009), the TEC followed a normal diurnal trend, in-

creasing after sunrise, peaking around midday, and decreasing to-

ward night. This reduction resulted from the temporary suppression 

of solar EUV radiation, which limited photoionization and reduced 

electron density in the ionosphere. Although the TEC gradually re-

covered after the eclipse ended, its peak remained lower than on 

the reference days. This behavior highlights the sensitivity of the 

ionosphere to sudden changes in solar radiation and confirms the 

direct impact of the eclipse on ionospheric electron content. 

 
Figure 3. This shows the diurnal variations of the vertical total electron content (VTEC) and geomagnetic disturbance (with Dst and Kp indices) 

at Robe station during the days surrounding the partial solar eclipse of January 26, 2009. 

The graph provides a detailed view of the ionospheric ef-

fects Robe station from 04: 57 UT to 09: 55 UT, with maxi-

mum coverage of 50 - 60%. On the reference day of 25 Janu-

ary 2009, before the eclipse, TEC varied from 11 TECU to 19 

TECU during the eclipse period (05: 00–09: 57 UT). On 27 

January 2009, TEC ranged from 10 TECU to 17 TECU. On 

the eclipse day of 26 January 2009, TEC varied from 9 TECU 

to 18 TECU. Thus, TEC was not at its minimum on the eclipse 

day compared to the reference days (25 and 27 January 2009), 

as the eclipse day was more geomagnetically disturbed. On 

this eclipse day, TEC values were also affected by other fac-

tors, such as a geomagnetic storm. 

When comparing the three consecutive days January 25 

(pre-eclipse), January 26 (eclipse day), and January 27 (post-

eclipse) of 2009 distinct variations in VTEC behaviour are ob-

served over Robe station. On the non-eclipse days (January 25 

and 27), the VTEC shows a typical diurnal pattern, increasing 

gradually after sunrise and reaching a maximum value of 

about 15 - 18 TECU around local noon, mainly due to strong 

solar radiation and enhanced ionization. In contrast, on the 

eclipse day (January 26), which featured a partial solar eclipse, 

the VTEC curve shows a noticeable depression between about 

04: 57 UT and 09: 55 UT (the red-dotted interval), correspond-

ing to the time of maximum obscuration. The maximum TEC 

on this day is lower, reaching only around 18 TECU, indicat-

ing that the partial eclipse reduced the available solar radiation 

and thus the ionization rate in the ionosphere [37]. 

The rate of increase of TEC before the eclipse maximum 

was slower compared to the normal days because sunlight was 

gradually blocked, reducing photoionization. After the eclipse 

ended, the TEC began to recover but with a slower rise. Mean-

while, both (𝐷𝑠𝑡 ≈ −30𝑛𝑇)  and (𝐾𝑝 < 4)  values indicate 

quiet to slightly disturbed geomagnetic conditions, confirming 

that the observed variations were mainly due to the eclipse ra-

ther than geomagnetic activity [38, 39]. 

Overall, the comparison clearly shows that the partial solar 

eclipse produced a weaker but observable reduction in TEC, 

with a lower peak value and slower increase rate than on the 

other quiet days consistent with the reduced solar energy input 

during partial obscuration. 
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Figure 4. Shows the diurnal variations of the vertical total electron content (VTEC) at the Arbaminch station during the days surrounding the 

partial solar eclipse of January 26, 2009. 

The graph illustrates the VTEC variations at Arbaminch sta-

tion, Ethiopia, during the partial solar eclipse on January 26, 

2009 (04: 57- 09: 55 UT), which reached a maximum obscu-

ration of 45- 55%. On the reference day of 25 January 2009 

(before the eclipse), TEC varied from 7 TECU to 19 TECU 

during the eclipse period (05: 00–10: 00 UT). On 27 January 

2009 (after the eclipse), TEC ranged from 7 TECU to 18 

TECU. However, on the eclipse day of 26 January 2009, TEC 

varied from 7 TECU to 17 TECU, which was the minimum 

compared to the selected reference days. 

The graph reveals how the dip in the green line (January 26) 

during the red-shaded eclipse period reflects a significant re-

duction in ionospheric electron density due to diminished so-

lar EUV radiation. This contrasts with the steady daytime rise 

on January 25 (blue line) and the recovery on January 27 

(black line), highlighting the eclipse's localized atmospheric 

effects and the critical role of solar radiation in ionospheric 

dynamics. 

 

Figure 5. Shows a comparison of vertical total electron content (VTEC) variations and the differences in TEC before and during the solar 

eclipse on March 20, 2015, at Robe station. 

The left panel shows VTEC variations at Robe station, Ethiopia, 

comparing March 20, 2015 (blue curve; partial solar eclipse day) 

with March 19, 2015 (green curve, reference day). The eclipse 01: 

12-03: 05 UT, peaking at ~02: 24 UT) significantly affects VTEC. 
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On the reference day of 19 march 2015 (before the eclipse), TEC 

varied from 0 TECU to 05 TECU during the eclipse period (01: 03 

to 03: 05 UT). However, on the eclipse day On 20 March 2015, 

TEC varied from 0 TECU to 04 TECU. 

During the red-dotted interval (corresponding to the 

eclipse), the blue curve exhibits a delayed and weaker increase 

compared to the green reference line. 

The right panel illustrates VTEC changes at Robe station, 

Ethiopia, during the partial solar eclipse on March 20, 2015. 

The green curve highlights deviations from the March 19, 

2015, reference baseline. The data reveal significant fluctua-

tions: a sharp initial increase followed by a pronounced dip, 

reflecting the eclipse's impact on ionospheric electron density. 

The eclipse (01: 12–03: 05 UT; maximum obscuration 02: 24 

UT) likely drives the positive spike via partial solar obscura-

tion response, followed by a negative excursion due to re-

duced solar radiation and suppressed electron production a 

common pattern in low-latitude regions [13]. The right panel 

shows the change in TEC on March 20, 2015, relative to the 

reference day, and it highlights the eclipse effect more clearly. 

During the eclipse interval (01: 12 - 03: 05 UT), there is a pos-

itive deviation in TEC, followed by a sharp fluctuation as the 

obscuration progresses toward maximum and then declines. 

The peak change occurs close to the maximum obscuration 

time (around 02: 24 UT), showing that the eclipse signifi-

cantly altered the normal ionization pattern in the ionosphere. 

After the eclipse ends, the curve continues to show irregular 

variations, which may reflect the combined influence of both 

the eclipse recovery process and the background moderate ge-

omagnetic disturbance present on that day. Overall, this graph 

demonstrates that the eclipse caused distinct and measurable 

fluctuations in ionospheric TEC compared to a quiet reference 

day. 

 
Figure 6. Shows the diurnal variations of the vertical total electron content (VTEC) and geomagnetic disturbance with DST and KP indices at 

Bahir Dar station during the days surrounding the partial solar eclipse of March 20, 2015. 

The graphs illustrate geomagnetic and ionospheric condi-

tions over three days March 19, 20, and 21, 2015 with a nota-

ble partial solar eclipse occurring in Ethiopia on March 20, 

2015, starting at 01: 11: 58 UTC, peaking at 02: 24: 12 UTC, 

and ending at 03: 04: 44 UTC. 

The comparison of these three consecutive days clearly 

demonstrates the effect of the partial solar eclipse on March 

20, 2015, over BDR. The Dst index remains nearly the same 

across the three days, maintaining values around - 80 nT, 

which indicates similar geomagnetic storm conditions and 

rules out geomagnetic activity as the main cause of VTEC [38, 

40]. 

The Kp index also shows only moderate activity around 5, 

further confirming that geomagnetic conditions were stable 

throughout the period. On the non-eclipse days (March 19 and 

21), the VTEC curve follows a normal diurnal pattern, rising 

rapidly after sunrise due to increasing solar radiation, peaking 

around local noon, and then declining gradually toward even-

ing. 

However, on the eclipse day (March 20), during the time 

interval marked by the red dotted box, the rate of increase of 

TEC is significantly reduced compared to the other two days. 

This suppression occurs because the partial solar obscuration 

reduces the amount of extreme ultraviolet (EUV) radiation 

reaching the ionosphere, thus lowering the rate of ionization 

in the F-region [41-43]. Even after the eclipse interval, the 

TEC continues to recover slowly, indicating a delayed re-

sponse of the ionosphere as it takes time for normal ionization 

levels to be restored [35, 44-46]. The maximum TEC value on 

the eclipse day is slightly smaller and occurs later than on 
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March 19 and 21, reflecting the reduced production of elec-

trons due to the temporary loss of solar radiation. The partial 

solar eclipse clearly caused a temporary depletion and slower 

recovery of TEC, showing its noticeable but limited effect on 

the ionosphere [47-49]. 

 

Figure 7. Shows the diurnal variations of the VTEC at Arba Minch station during the days surrounding the partial solar eclipse of March 20, 

2015. 

The graph depicts the temporal variation in VTEC over the 

Arba Minch station in Ethiopia during the partial solar eclipse 

on March 20, 2015. It is overlaid with data from the preceding 

day (March 19) and following day (March 21) for comparative 

context. The eclipse event commenced around 01: 12 UT, 

reached maximum obscuration at approximately 02: 24 UT, 

and concluded near 03: 05 UT, as indicated by the red vertical 

dotted lines marking the start, maximum, and end phases. Be-

tween the eclipse time interval indicated by the red dotted 

lines (from 01: 12 UT to 03: 05 UT), the green curve repre-

senting March 20, 2015, shows a clear depression in VTEC 

compared to the control days (March 19 and 21). At the be-

ginning of the eclipse (01: 12 UT), the VTEC starts to rise 

more slowly than on the non-eclipse days, and around the 

maximum eclipse 02: 24 UT, the VTEC reaches its lowest rel-

ative level, indicating the strongest reduction in ionization due 

to maximum solar obscuration [50]. This reduced ionization 

occurs because the temporary blockage of solar radiation by 

the Moon limits the production of free electrons in the iono-

sphere [20, 51, 52]. After the maximum phase and toward the 

end of the eclipse 03: 05 UT, the VTEC begins to recover but 

still lags behind the reference days, showing a delayed re-

sponse of the ionosphere to the returning solar radiation. Over-

all, the graph during this interval clearly demonstrates the sup-

pressive effect of the solar eclipse on electron density in the 

ionosphere. 

The spatial comparison of VTEC during the solar eclipse on 

January 26, 2009, at the Bahir Dar, Arbaminch, and Robe sta-

tions revealed no distinct differences in VTEC variation. This 

is because all the stations are located in Ethiopia, with no great 

geographical differences between them. Total electron content 

is strongly dependent on solar radiation and photoionization 

[53-55]. 

In addition to the partial solar eclipse of January 26, 2009, 

the event of March 20, 2015, at the Bahir Dar, Arbaminch, and 

Robe stations also showed no distinct differences in VTEC 

variation. This is because all the stations are located in Ethio-

pia, with no significant differences in latitude and longitude 

between them. However, we observed greater TEC variations 

during solar maximum compared to solar minimum condi-

tions. Specifically, the maximum TEC was 18 TECU during 

the January 26, 2009 eclipse and 28 TECU during the March 

20, 2015 eclipse. This implies that TEC values are strongly 

influenced by the amount of solar radiation in the atmosphere 

when regions have no substantial differences in geographical 

location [56, 57]. 

4. Conclusion 

We have shown solar eclipse-induced variations in Total 

Electron Content (TEC) over Ethiopia, focusing on the partial 
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solar eclipses of March 20, 2015, and January 26, 2009. Dur-

ing the eclipse interval, the data clearly demonstrate the sup-

pressive effect of the solar eclipse on electron density in the 

ionosphere. The variation of vertical Total Electron Content 

(VTEC) over Bahir Dar station during the days surrounding 

the partial solar eclipse of January 26, 2009, is noteworthy. On 

the reference days, January 25 and 27, the VTEC values show 

a typical diurnal pattern gradually increasing after sunrise, 

peaking during midday, and then decreasing toward night time. 

However, on January 26, the eclipse day, a noticeable depres-

sion in VTEC is observed during the eclipse interval, which 

began at 04: 57 UT, reached its maximum obscuration at 07: 

59: 44 UT, and ended around 09: 55 UT. This reduction corre-

sponds to the temporary decrease in solar radiation reaching 

the Earth’s ionosphere, limiting ionization and thus lowering 

the electron density compared to non-eclipse days. After the 

eclipse ended, the VTEC trend gradually recovered and fol-

lowed a relatively normal pattern. 

On January 26, the eclipse day, a significant depression in 

VTEC was observed during the eclipse interval, which began 

at 04: 57 UT, reached its maximum obscuration (55–65%) at 

07: 59: 44 UT, and concluded around 09: 55 UT. This reduc-

tion correlates with the temporary decrease in solar radiation 

reaching the Earth's ionosphere, limiting ionization and con-

sequently lowering electron density compared to non-eclipse 

days. Following the eclipse, the VTEC trend gradually recov-

ered, reverting to typical diurnal patterns. The VTEC varia-

tions observed over the Bahir Dar station during January 25–

27, 2009, clearly demonstrate the ionospheric response to the 

partial solar eclipse on January 26, 2009. On non-eclipse days 

(January 25 and 27, 2009), TEC followed a standard diurnal 

pattern rising after sunrise, peaking around midday, and de-

creasing toward night. 

The comparison of TEC variation on consecutive days re-

veals that, on the reference day of 19 March 2015 (before the 

eclipse), the maximum VTEC was approximately 26 TECU. 

In contrast, on 20 March 2015 (the eclipse day), the maximum 

VTEC was approximately 24 TECU. This clearly demon-

strates the effect of the partial solar eclipse on March 20, 2015, 

over BDR. The VTEC variations observed at the Robe station 

on 20 March 2015 show an approximate 20% reduction, cor-

responding to the temporary decrease in solar radiation reach-

ing Earth's ionosphere. 
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GPS Global Positioning System 
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