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During the 20t November 2003 extreme geomagnetic storm, significant perturbations
were observed In the ionosphere — thermosphere system. Here, we replicate how this
system responded to the onset of this particular storm, using the Coupled
Thermosphere lonosphere Plasmaphere electrodynamics (CTIPe) physics based
model [1], that simulates the changes in the neutral winds, temperature, composition
and electron densities [2].

The ionosphere is embedded in the outer layer of Earth’s
atmosphere, 1onized by solar and cosmic radiation. It lies
from 60 to 1000 km above the Earth and is characterized by

Although modelling the ionosphere under this cond
energy flow uncertainties, the model reproduces the

itions 1s a challenging task due to
necessary features to interpret the

physical mechanisms behind the Total Electron Conte
changes In composition during this event. Correspo
poroducts derived from Global Navigation Satellite
based measurements.

For a more complete understanding

nt (TEC) increase and the dramatic

nding effects are observed in the
system (GNSS) [3] and ground —

of storm phenomena we need also

information of the processes that operate in the ionosphere —
thermosphere, using physics based models.
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CTIPe is a non linear physics based model with self consistent
electrodynamics scheme, with four distinct components:
e A global thermosphere model (T)

del (1)

16:00 20,00 00:00 A mid and low latitude ionosphere-plasmasphere model (P)

e Electrodynamical calculation of the global dynamo
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TEC can be derived integrating the electron density along a winds Global ExB drit

ray path by TEC Units.

Changes in the lonosphere —- Thermosphere System
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Composition change and Temperature
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Total electron content (TEC)

mnhancement of plasma density at low and middle latitudes (over Europe) car@
observed during the main phase of the superstorm.
e TEC depletion in response to reduced [O/N,] ratio during the recovery phase
e Comparing CTIPe — GNS measurements show TEC enhancement is underestimated
by the model.
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Joule Heating and Neutral Winds

/CTIPe reproduces the strong perturbations in Jou
e As response to this energy deposition there Is a
that causes upwelling of the neutral atmosphere,

e Joule heating causes thermospheric
expansion, changing the composition .,
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Electron density, foF2, HmF2 and lonosonde data

e (CTIPe shows the electron density uplifting, an

d ionosonde data recorded
significant increases in critical frequency foF2 and the sudden uplift of the F2 layer.

difference in foF2 with latitude.

foF2 CTIPe vs lonosonde

 Model and measurements exhibit the same evolution in hmF2 but increasing
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* This deviation could be due to the underesti
input into the system and lack of detailed in
distribution of that input energy.
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