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Summary

[. Title

Investigation of the ion-neutral coupling in the southern polar cap thermosphere using numerical
model

II. Purpose and Necessity of R&D
® large difference in the comparison of the ion drift between model and observation
® Uncertainty in the default inputs of a numerical model
® Understanding of the ion-neutral coupling in the southern polar cap thermosphere through an
improvement of a numerical model

. Contents and Extent of R&D
® Establishment of an alternative database for the replacement of default model inputs
® Performing a numerical model simulation using the alternative model inputs
® Estimation and comparison of the simulation results with observation

IV. Results of R&D
® FEstablishment of the base for numerical model runs and of the alternative model input database
® [mprovement of the accuracy in the ion velocity estimation of a numerical model

V. Application plan of R&D results
® Performing a numerical model simulation for the 2024 Mother’s day super storm and comparison
with observation
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3. AFLE

O Thermosphere lonosphere Electrodynamics General Circulation

(TIEGCM) S &=t Meld-8& 2 A

O =X=Z&& 237 & e RS Set 0l=2 Btz 2AF 8= A

O sdUill-0l2 2 ds3HSH &= 0iXe 24 I & 0l Sst
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2. 7 seALE
O TIECGMol A 9] o] & &%
Assumptions:

Hydrostatic assumption, constant gravity, steady-state ion and electron energy equations.m

momentum equations are not solved explicitly; ion velocities are obtained from ExB driftsiighslgel[=ld!

and helium and their ions are not presently included in the model. A simplified relationship is used for
photoelectron heating. The upper boundary conditions for electron heat and flux transfer are simple
empirical specifications. CO2 is not solved explicitly but is specified assuming diffusive equilibrium.

Eddy diffusion uses a simplified formulation.
2 3. TIEGCM 22 oA AFEE= 7HA (https://www.hao.ucar.edu/modeling/tgem/tie.php)
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O 4. FFor2HEH A2 AZEH = A7|AS TAlskst 72 (£ Kelley [1989], Acamenic Press)

L W7N/AIol EAjE o Setxoiel &

A9l (https://en.wikipedia.org/wiki/Guiding_center)

> TIEGCMS 1= ¢F 97 ~ 700km TItollA el dd, MEd HEHE ZASH:=
T2 2dE2H, dgd ol £5E FUAAE Fo=EH AAA ¥
ExB drift2 A& % (¥ 3)

> ORE HMeldAL MIIE2 X2 WIES et dEE YIS dIIE
Ol oHEottd, MetAd A=2 DRAE XNF0AL &IIE2 LS 5%
BHYS XIIE 4200 et Hatet

> 20 DT Me|dH SA0He AEHE AL JH IJHE ola&Eel A
2 dcld 2EesS MIH-tHLSE =X 220 F&AIII= A0ILt, TIEGCMA
Me & JHXl &g E= Weimer 2E)S AM26I0 DAT XS
o &< (5 &2

Heelis model*
e Mathematical model of large- 3
scale global convection pattern. i
® Parameterized by IMF B, &

Weimer model?

@ DE-2 satellite measurements to create
empirical model of potential patterns.
® DE-2 operational Aug 1981- Mar 1983.

transpolar voltage, @, .
® Only valid for southward IMF, -B,.
@ Includes <100 Dynamic Explorer 2 (DE-2) passes.
® Model properties such as convection reversal radius,
6, are defined as relationships with ®,,. and/or B,

“

Zero potential line

[T

—\I: r[

de per]d ent on By dlea,i_=_O_..44d>Gc

P
CECE iy sad b
W g daniy

;B‘V;Bz

2 5, Heelis ¥ Weimer o] & Tfj& 2@

@ 2604 valid passes.

® Parameterized by IMF B, , B,, SW velocity, SW
density & dipole tilt.

® Calculates potential for geomagnetic grid.

® Lower boundary constructed from the ends of every
polar pass where the electric field or magnetic
perturbations go to zero.

+By Bz

(https://ras.ac.uk/nam-2021/lauren-orr)
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> TIEGCMOl= 1D/E 2 S =Z Assimilative Mapping of

>

= lonospheric
Electrodynamics (AMIE)D

FAFEE &0l JA2MH, 012 g 2=01 EME
FXIEH AMIE At2s2tel 22 01 AtEot)| flet Xtz =8I0 &2 AIZH0

6 s
ALEH UE TSt SEGHIN, HetEez AIEE 1D US
= S0 AM= AMIE XtEJF Otd, =2 M= JHE = Assimilative Mapping

of Geospace Observations (AMGeO) XI2E AFZGIM TIEGCMOI XE2S3H D

L g9 = Aoz &

AMGe02] &S SuperDARN, SuperMAG XI&Xt= L AMPERE ®Id XNZE ALE06H
O DAT XEo MI|HSH 2= gt (MR, ML, & £ S)S A=
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