P
4th Eddy NASA Symposium, 29 Oct.- 3 Nov. 2023 ﬂp})

Study of lonospheric Response to Geomagnetic
Disturbances Using TEC Regional Maps and the NeQuick 2
Model

Taiwo Olusayo Osanyin?!, Claudia Nicolis Candido?, Fabio Becker-Guedes?,
Yenca Migoya-Orue3

INational Institute for Space Research, Brazil.
°The Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy.



06/21 06/22 06/23 06/24 06/25

)

sz([ﬁ%m
)
>
)

|
)

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

{b)

foty
8 8

O Southward IMF-Bz

Pro Den.
N/em~3

C Y % Y Y%

{d)

J Sudden increase in B, Vsw, P, and AE

AE index
[nT]
-
o
3

Dst [nT]

®

,\v

00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 ,“90
Universal Time (hour)

Kp index
o N a o DQ

U SSC commenced at 18:45 UT

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



Motivation: The Low-Latitude lonosphere

Equatorial Plasma Fountain & The Equatorial Ionization Anomaly (EIA)

Low-Latitude lonosphere is dominated by the electrodynamics
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O foF2 from 2 Digisondes located over Brazil

L 4 GNSS test stations

Dataset of GNSS and Digisonde

(ZX,(TECGNss—TECNequick(42))”)

Q ATEC (Az) = -

(Osanyin et al., 2023)
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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.



TEC Processing and TEC data ingestion

O The Gopi Seemala software(version 2.9.9)

O The Median Absolute Deviation (MAD) technique: F10.7, time, location
. and GNSS TEC
o = 1.4826 * med {|xl — med{xj}|} (Huber & Rochentti, 2009)
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Spatio-Temporal Variation of TEC

(a) TEC from GPS
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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.
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TECMAPs from GNSS and NeQuick on 21/06/2015

a) GPS TECMAPS b) NeQuick Correced TECMAPS
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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.




TECMAPSs from GNSS and NeQuick on 22/06/2015

a) GPS TECMAPS b) NeQuick Correced TECMAPS
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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.




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.

O TEC enhancement on SSC (see BAOV,
MSCG & SMAR)

O TEC reduction beyond SSC

0 RMSE strongly depends on dip latitude
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Figure 6: Variations of the ionospheric TEC over four GPS stations from June 21 to 24,
2015.
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O lonospheric variability is captured by
data-driven NeQuick;

L TEC enhancement in the Southern crest
region;

0 RMSE varies with dip latitude.
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Figure 7: Variations of the ionospheric foF2 over two Digisonde stations from June 21 to

24, 2015.



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




Conclusion
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O Approximately 45 % and 25 % improvements on
average in the low-latitude during the storm period
for TEC and foF2 were recorded.

O Data-driven NeQuick captures ionospheric
variabilty during the daytime.

O Further improvement is needed for the
nightside ionosphere.

Figure 9: Statistical representation of percentage improvement values for (a) GNSS and (b) Digisonde in the equatorial low-latitude
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Thermospheric Composition
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Figure 10: Variation of [O]/[N2] during the storm period of 21-24 June, 2015



