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2. Objective:

(a) Neutral density: GITM  (b) Neutral density: GITM
vs. GOCE along the vs. GOCE during the whole
trajectory storm period
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The objectives are to use new capabilities to improve the specification of the
energy and momentum inputs to the system, especially at the meso-scale, and to
determine how the I-T system responds to these inputs at different scales.



(1) discover the spatial distribution and temporal evolution of
meso-scale structures in the geomagnetic forcing.

(2) develop a new model to describe the large-scale and
meso-scale forcing.

(3) describe the I-T responses that result from large-scale and
meso-scale energy inputs at high latitudes.

(4) understand how meso-scale structures and their influence
on the I-T system are coupled to the magnetosphere.



4. Schedule and Approach:
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5. Progresses in last ~2 year:

5.1 Neutral density variation:

Storm event on January 215, 2005
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CHAMP 30% peaks from 2001-2010
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5.2. Traveling lonospheric Disturbances (TIDs) and irregularity

Swarm satellite observations  MSTID (irregularity) distributior
Coincidence of irregularities and MSTIDs seen by Swarm
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ROCSAT-1 satellite observations of dayside ionospheric irregularity

- So far, people have focused on the detection of the irregularities at night
from satellite observations using large detection criteria.
- Daytime irregularities are not detected by this criterion.
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lonospheric bow waves induced by the eclipse
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5.3. Meso-scale convection and influence on the I/T

Polar Cap
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[Gabrielse, et al., 2018] Polar cap flow structures — UCLA + MIT



DMSP F17 Northern Summer 2012

Flow Perturbations
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GITM simulation: Influence on I/T
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Fast flow :

Rho (%) + Vn (horizon)@ 300km [Deng, et al., 2018]
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5.4 Correlation of ion convection and particle precipitation
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5.5 Physics-Based Model Simulation:
Global lonosphere-Thermosphere Model (GITM
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Local refinement

* Objective: Coarse-grid global layer provides more
realistic boundary conditions to finer-grid regional

layer(s).

3-layer set-up for a regional grid refined to 0.08°x 0.08°
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Stochastic Gravity Wavefields (SGWs)

Gravity wave ray-tracing 'in the Fourier domain

Frequency components: 5 evenly spaced values between @i, = 2f (f = Coriolis
frequency) and @,,qx = N/V/5 (N = buoyancy frequency).
e Domain is about ~10°x10° in Utah (41°N, 247°E).

Change from 3x = 6x AT, ;. (2x Increase)
Simulation local time is 1 pm and season is June 11t
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Couple GITM with NCAR 3D electrodynamics model

m Global Ionosphere Thermosphere Model
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el

Flexible grid resolution

* Can have non-hydrostatic solutions

apex height

B NCAR 3D electrodynamics model

e Solves the neutral dynamo
along the magnetic field lines

magnetic fieldline
volume

current defined
at turquois and
small red points

e Capable to solve the 3-D

currents. .
lower boundary at 80 km

Maute and Richmond 2016, SSR
Electrodynamics — UTA+HAO



i 4

500 +

a00|

Altitude (km)

300+

200
—60

EIA

(@) Ne (102 m?)

-40
Geographic Latitude (deg)

-20 0 20 40

Continuity
Equation:

on
ot

—u-Vp—plV-u

[Zhu et al., 2017]

60

Neutral Density Changing rate (10" kg-m > s™")

ETA

(b) log10(p, 1072 kg/m™)

(c) Neand p at 400 km

4 600 3 4.5 , 14
4.0
3 500 F 11 42
E "T 3.5
= E
12 3 400t 1141 =
= =
= o 3.0
< =2
1 300} g 0
25
0 200 -1 2.0 L s ' . L 8
-60 -40 -20 0 20 40 60 -60 —-40 -20 0 20 40 60
Geographic Latitude (deg) Geographic Latitude (deg)
15 "' A L L R R B L L L L R A L A R L L R R R
I v - -  —uVp (lon) —  —p (V_-u) (lon) |
: . . - -  —u¥p (lat) [ — —p (V -u) (lat)
10 “ [— = —uV p (vertical) ] ——> =73 al)
L \ ]
L N S ]
i » ¢ T =TT T TN 1
L A1 I i g i
v T e = T -
Sr ' ,J e
I . T o e = = T T
0]
=5
—10 L L

PRI [ S S SR S S S '
20

I S S S T T S
30

PR S [ TR T T W S S T T
40

Time after Start (Minutes)



Latitude

GITM/UCLA-RCM coupling
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M-I coupling of bursty flow

magnetosphere

S = PVol*®

08

0.7
0.6
05
SR Y

0.3

0.2

-5 -10 -15 |-20
X (Reg)

-5 -10 -15

J".(W'.“?)

X (Rg)

initiating a busty flow by

a local (~1 MLT wide) decrease af
S (density up temperature down ) for 10 min

(VVol xVS)-b/Vol 22=3j "
J|| '(Bi/Beq)'Siﬂ(D = —Vi'[Z'Vi(Di] 7
current continuity

-5 -10 -15 -20

ionosphere

X (Rg)

§73

MLT



5.6 Nitric Oxide

Nitric Oxide is the most important storm time cooling mechanism in the lower
thermosphere:

— Infrared cooling in the 5.33 um band—thermostat effect

— Controls temperature in the critical 120 km region
[Knipp et al., 2017]
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September 2017
Storm NO Flux
reconstruction
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NO Emission: Multiple linear regression of14-year SABER measurements [Mlynczak et al., 2016]
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6. Deep learning for TEC maps: data completion

IGS-TEC MIT-TEC DCGAN-TEC  RDCGAN-TEC
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times and geomagnetic
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* MURI is a team project including effort in data
analysis, data assimilation, empirical model and

theoretical model.
* The progresses we have made include:

— lonospheric and atmospheric disturbances;

— Meso-scale convection and influence on the I/T;
— Electrodynamics;

— Improvement of physics-based model;

— No chemistry;

— Deep learning;



