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lonospheric Response to Space Weather
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Phases of geomagnetic storms are associated
with changes in IMF & solar wind conditions.

90 % of HSS at solar max. are associated with
ICME & in the descending phase by CIR.

The principal origin of the geomagnetic
activity is the induction currents caused by
solar wind electric field, E = Vg, X Bj.

Tsurutani et al., 2019
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Motivation

Souza, 1999

Equatorial Plasma Fountain & The Equatorial Ionization Anomaly (EIA)

Low-latitude lonosphere

Low-Latitude lonosphere is dominated by the electrodynamics

F REGION IONIZATION EXB
TRANSPORT PROCESSES

Space Weather

Empirical models

Data ingestion (DlI)




Instrumentation

- Intruments GNSS, lonosonde
Models NeQuick 2 & IRI
MethOdOIOgy . TEC calibration software,
— Analysis SAO Explorer software,
MAD, statistical analysis
I Data Ingestion Local MOdel, Binary

search algorithm,
Fortran 77 language.
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Geographic Latitude

Experimental Dataset

Instruments
@ GNSS e lonosonde @ Magnetometer

VTEC from 8 ground-based receivers.

GPS data from 2009 to 2019, covering the
previous solar cycle (SC 24).

Only magnetically quiet days (3 kp < 24).
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e Variation of both solar and geomagnetic
activity indices during the study period

National Institute for Space Research (INPE)



Extracting TEC data fr
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RINEX stands for Receiver Independent
Exchange format.
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DCB files are required during pre-processing.

Median Average Deviation (MAD) technique
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Digisonde data and lonogram Scaling
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NeQuick 2 Model

NeQuick 2 model is based on empirical
climatological representation of the

lonosphere.
Memarzadeh, 2009
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Adaptation of NeQuick to GNSS TEC data

e o

\ F10.7, time, location, \

* Ingestion of VTEC measured by GNSS and GNSS TEC
receivers (Osanyin et al., 2023; Osanyin et | NeQuick 2 Model |
al., 2025 (manuscript in print)) {

Model vTEC, foF2, and
Ne without restriction

« Binary search algorithm T
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Data binning & Statistics

e Percentage Improvement

Solar activity binning RMS RMS
SN — AN

Low solar activity — F10.7 < 80 s.f.u RMSgy x 100
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Contours of monthly averaged TEC
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Root Mean Square Deviation

Root Mean Square Deviation (RMSD)

Ascending Phase
SAMA region
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== IRI 2016
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e Seasonal
variability.
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15

e Larger RMSD
at equinoxes
and summer.
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Single station data ingestion into NeQuick 2

e The red markers signify the stations whose GPS data

d are used for data ingestion.
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%ws e Variation of the standard and adjusted solar radio flux
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VTEC IN THE EQUATOR REGION DURING APRIL 2014

TEC Variability in April |

impz-GPS (dip lat 4.09°S)

Local Time (Hr)

e EIA crest shows higher TEC variation.

e Poor performance by the standard O
NeQuick.
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VTEC IN THE LOW-LATITUDE REGION DURING April 2014
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e Great improvement after data ingestion
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BEFORE DATA INGESTION IN 2014
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Improvement & Forecasting &

Test

e Higher RMSE values in February & April.

e Highest improvement in June at SJSP (South
crest of EIA).

e Successful forecast with reduced error compared
to the standard results.
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Variation of vTEC during
Geomagnetic Storms

Closer values after Data Ingestion at SALU
during the storm periods.

Poor performance during the recovery
phase at SJSP.

The improvement in NeQuick ranges from
56 to 61 % in the equator and 69 to 83 % in
the EIA crest.
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NeQuick 2- Response to Geomagnetic Storms
Solar Maximum-2014

17-21, Feb.,
Dst min=-119
nT.

10-14, Apr.,
Dst min= -86
nT.

6-10, Jun.,
Dst min = -37
nT.

23-27 Dec.,
Dst = -57 nT.
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e July & December 2014
solstices.

e The closer the ingested
station to the test station,
the higher the
performance of the model
in July.

SAOExplorer, v 3.3.3
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Conclusions ¢ o oo

The climatologic behavior of the ionospheric TEC at the Equator, Northern crest, Southern crest, and
SAMA region for quiet geomagnetic conditions has been investigated. The features of diurnal,
seasonal, and solar activity have been observed,;

The study showed that both the NeQuick 2 and IRI 2016 models need to be improved during high
solar activity, especially in equinoxes and summer;

The Az parameter depends strongly on local time, season, latitude, and geomagnetic activity. A
single station data ingestion technique showed improvement of (56-61) % in the equator and (69-83)
% in the EIA crest during the storm periods analyzed in this study;

The effective ionization parameter (Az) based on the ingestion of GNSS TEC data allowed
reconstruction of the critical frequency of the F2 layer (foF2) in July.

The corrected version of the NeQuick is capable of forecasting ionospheric conditions for about three
days using the Az values from the previous day.
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Recommendation e o ol

U Based on the conclusion drawn from this study, there is a need to continue the objective of
transitioning empirical models from climatological to weather-like specifications.

QO Further improvement of the background model is essential to achieve better accuracy of data
ingestion and data assimilation techniques. During their construction, climatological models rely on
availability of good quality data and ionospheric variations maybe misrepresented where data are not
available. We recommend the deployment of more observational data especially ionosonde which
are sparsely distributed globally.

O One of the challenges faced by empirical models is their difficulties in identifying and tracking
ionospheric irregularities, as well as providing realistic ionospheric behavior during geomagnetic
storms. It is therefore important to take into consideration the parameters and physics required to
combat such problems when constructing new models.
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Data Statement & Source

GPS TEC data: Instituto Brasileiro de Geografia e Estatistica (IBGE), website
(http://www.ibge.gov.br)

Quiet and disturbed days: World Data Center (WDC) Kyoto, Japan website (http://swdc.
kugi.kyoto-u.ac.jp).

Solar parameters and geomagnetic indices: Space Weather prediction Prediction Centre
of the National Oceanic and Atmospheric Administration Centre (NOAA) website
(https://omniweb.gsfc.nasa.gov/)

Digisonde data: The EMBRACE (Brazilian Study and Monitoring of Space Weather)
website (https://www?2.inpe.br/climaespacial/)
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