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21-24 June 2015 Geomagnetic Storm

Figure 1: Interplanetary and geomagnetic indexes from June 21 to

24, 2015. (a) The interplanetary magnetic field Bz component (nT), (b)

Solar wind speed Vsw (km/s) and Proton Density (N/cm-3), (c) AE

index (nT), (d) Dst index (nT), and (e) Kp index

 Major storm (class G4, max Kp =8, min Dst = -198 nT)

 Southward IMF-Bz

 Sudden increase in B, Vsw, P, and AE

 SSC commenced at 18:45 UT
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Motivation: The Low-Latitude Ionosphere
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Dataset of GNSS and Digisonde

 foF2 from 2 Digisondes located over Brazil

 4 GNSS test stations
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(Osanyin et al., 2023)
Figure 2: Variation of (a) Dst and Kp indices, (b) location of GNSS ingested stations, (c) test

stations used for validation where red markers represents GNSS and blue markers are for the

digisonde stations. The red and blue lines in (b) and (c) depicts the geomagnetic equator and dip

latitude for the year 2015 respectively.
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TEC Processing and TEC data ingestion

 The Gopi Seemala software(version 2.9.9)

 The Median Absolute Deviation (MAD) technique:

𝜎 = 1.4826 ∗ 𝑚𝑒𝑑 𝑥𝑖 −𝑚𝑒𝑑 𝑥𝑗 (Huber & Rochentti, 2009)
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Spatio-Temporal Variation of TEC

Figure 3: Variations of ionospheric VTEC (a) from GPS and (b) from Adapted NeQuick 2 model 

values in the low latitude region from June 21 to 24, 2015.

LT = UT-3

 Strong TEC enhancement on 
SSC

 NeQuick reproduces 
Ionospheric variability during 
the storm period.
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TECMAPs from GNSS and NeQuick on 21/06/2015

Figure 4: Sequence of TEC MAPS produced over Brazil during geomagnetically quite period at 2-hours interval from 9:00 UT to 23:00 UT from (a) GPS 

observation, (b) Adapted NeQuick. In each panel, the 𝑥-axis and 𝑦-axis represent geographic longitude and latitude, respectively, and the color scale indicates 

the TEC in TECU.
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TECMAPs from GNSS and NeQuick on 22/06/2015

Figure 5: Sequence of TEC MAPS produced over Brazil during geomagnetically disturbed period at 2-hours interval from 9:00 UT to 23:00 UT from (a) GPS 

observation, (b) Adapted NeQuick. In each panel, the 𝑥-axis and 𝑦-axis represent geographic longitude and latitude, respectively, and the color scale indicates 

the TEC in TECU.  
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Measured vs NeQuick-modeled TEC

Figure 6: Variations of the ionospheric TEC over four GPS stations from June 21 to 24, 

2015. 

At all latitudes, the NeQuick climatological

empirical model does not represent all the

features exhibited by TEC when compared

to measured values during both quiet &

disturbed conditions.

 TEC enhancement on SSC (see BAOV, 

MSCG & SMAR)

 TEC reduction beyond SSC

 RMSE strongly depends on dip latitude
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Measured vs NeQuick-modeled foF2

 Ionospheric variability is captured by 

data-driven NeQuick;

 TEC enhancement in the Southern crest 

region;

 RMSE varies with dip latitude.

Figure 7: Variations of the ionospheric foF2 over two Digisonde stations from June 21 to 

24, 2015. 
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Percentage Deviation from background

Figure 8: Variation off the relative difference between (a) GNSS/model  and (b) Digisonde/model to the average backgound

L % =
𝑣𝑇𝐸𝐶𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙/𝑚𝑜𝑑𝑒𝑙−𝑣𝑇𝐸𝐶𝑚𝑒𝑑𝑖𝑎𝑛

𝑣𝑇𝐸𝐶𝑚𝑒𝑑𝑖𝑎𝑛
× 100
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Conclusion

Figure 9: Statistical representation of percentage improvement values for (a) GNSS and  (b) Digisonde in the equatorial low-latitude

𝑰𝒎𝒑𝒓𝒐𝒗𝒆𝒎𝒆𝒏𝒕, 𝑷 % =
𝑅𝑀𝑆𝑆𝑁 − 𝑅𝑀𝑆𝐴𝑁

𝑅𝑀𝑆𝑆𝑁
× 100

 Approximately 45 % and 25 % improvements on  

average in the low-latitude during the storm period 

for TEC and foF2 were recorded.

 Data-driven NeQuick captures ionospheric 

variabilty during the daytime.

 Further improvement is needed for the 

nightside ionosphere.
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Thermospheric Composition

 Enhancement in [O]/[N2] on June 

22 in the Southern SA region.

 [O]/[N2] depletion on June 23 in the 

Southern SA region.

Figure 10: Variation of [O]/[N2] during the storm period of 21-24 June, 2015 


