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The lonosphere-Thermosphere System

Terrestrial Atmospheric ITM Processes
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* The IT system is characterized by multiple spatial-temporal scales and
driven by forcings from the magnetosphere and the lower atmosphere.
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MAGE Model
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* The current version 1.0 of MAGE
consists of two-way coupled

GAMERA, RCM, and TIEGCM
model for the

magnetosphere-ionosphere-ther
mosphere (MIT).
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* MAGE has been widely used in

multiscale MIT dynamics during
storm time.

Zp, Zy, Neutral wind

Lin et al., 2021; Pham et al. 2022
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Dawnside Subauroral Polarization Streams (SAPS)

Weak driving Strong driving Subauroral

-1t
0.2
N
2 O
> .02}
0.4} 1 i ]
uT 06:22 06:32 06:42 06:52  18:15 : : 18:45
MLAT 31.0 64.5 67.2 28.3 28.4 68.9 32.1
MLT  18.1 16.6 9.6 7.7 18.5 6.7 6.7
06:30 UT 1 18:30 () g2
| = 4=
S DAPS | 5
. c.
F13 1 0 O ¢ 0 OS¢
SAPS © < I =
e c SR . aas c
"‘. i O 7 e o
0.2 mW/m? N N

Lin et al.,

2022AV000708 ) o5, a/m? Duskside SAPS Dawnside SAPS

* SAPS are a common mesoscale ionospheric structure (100s km) that result from MIT
coupling and can have significant space weather effects.

* Dawnside SAPS were found during the main phase of a major geomagnetic storm on
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* Competition between electric drift and magnetic drift: energetic ions can only access
the dawnside when convection is strong enough to overcome the westward B drift.

* lons penetrate deeper than electrons on the dawnside to form a gap between auroral
boundary and upward R2 FAC boundary to form the eastward SAPS.
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Geospace Concussion

100 @ T T T 20F

. — v v . .
Dayside ¢ 0 ——TIEGCM Post-midnight
MLT=9_7 l_:_ts 50 ool - HOK B04 . MLT=4.5

£ 0 —TiEGeM [{ 40l
Qv = PGR B12
>> : : -60 ) | ] i
—r— T T 50 Eastward
e 1
e T
7O —— 20— SEE A e c =
| | | | 0 2=
- —=——=—= =~ - === —=—=4 w £
L - 0 - . 0 _ |
50 | ! ' ' -50 Westward
18:2818:3018:3218:3418:3618:38 18:2818:3018:3218:3418:3618:38
. 18:30:00 UT 18:31:30 UT 18:33:30 UT
o - 100 Upward
7]
S, T
o - >
S -
O -100 Downward
0.5 Downward
Shi, Lin et al., 0 gmg
w <
2022GL100014 =
Contour L;t(;p\
bk -0.5 Upward

Geospace concussion refers to a transient (~1 min) global reversal of ionospheric vertical
drift during sudden storm commencement.

The ion drift reversal is explained by the reversal of zonal E field when an opposite pair of
field-aligned current is produced by the sudden compression of dayside magnetosphere.
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* Geospace concussion viewed from the perspective of coupled
magnetosphere-ionosphere.
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Neutral density variation during the “SpaceX” storm
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DMSP-MAGE-TIEGCM comparison
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* The better performance of MAGE is attributed to a more accurate specification of
magnetospheric forcing, e.g., convection, precipitation, which are more dynamic and
intense during storm time than statistical average pattern.
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Summary

* The MAGE model has been widely used in the study of storm time
mesoscale and transient IT dynamics and space weather effects:

Dawnside SAPS are formed during strong geomagnetic storms.

2. Geospace concussion occurs as a transient response (~1 min) to sudden
commencements.

3.  First-principles specification of magnetospheric forcing is needed to reproduce
the thermospheric neutral density variation.

* These studies highlight the importance of treating the geospace as a
coupled system in ¢ dies.
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