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1. Team:



Kickoff meeting: Arlington, TX on  Dec 5th, 2016



2. Objective:

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.



3. Goals:

(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.
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4. Schedule and Approach:



5.1 Neutral density variation: 

5. Progresses in last ~2 year:





Swarm satellite observations
Coincidence of irregularities and MSTIDs

9

[Kil and Paxton, GRL, 2017]

5.2. Traveling Ionospheric Disturbances (TIDs) and irregularity

MSTID (irregularity) distribution
seen by Swarm



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.

n = 10



• Traveling at typical GW speeds (~250 m/s)
• Trailing the eclipse totality
• V-shaped wave fronts, evolving in time & space

Zhang et al. (2017), 
GRL featured 

Ionospheric bow waves induced by the eclipse

CEDAR Eclipse Session (Friday AM)



5.3. Meso-scale convection and influence on the I/T

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



Sub-grid plasma flow – UTD

[Heelis, et al., 2018] 



Fast flow 
400

5 min 15 min 30 min 50 min

Rho @ 300km  by 8%.

Rho (%) + Vn (horizon)@ 300km

Influence on thermosphere – UTA

Difference Vi @ 300km

GITM simulation: Influence on I/T

[Deng, et al., 2018] 



5.4 Correlation of ion convection and particle precipitation

Alignment – UTD + UTA 

Alignment:



Binning
Large-scale Small-scale

Mean Std.)dev. Mean Std.)dev.
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Correlation – UTA+HAO 



GITM Features:

 Flexible grid resolution 

 Can have non-hydrostatic solutions

 Coriolis

 Vertical Ion Drag

 Non-constant Gravity

 Massive heating in auroral zone

 Runs in 1D and 3D

 Solves in altitude coordinates

 Vertical winds for each major species 
with friction coefficients

 Non-steady state explicit chemistry

 Variety of high-latitude and Solar EUV 
drivers

 Fly satellites through model

 Time step: 2 seconds

5.5 Physics-Based Model Simulation: 
Global Ionosphere-Thermosphere Model (GITM)



• Objective: Coarse-grid global layer provides more 
realistic boundary conditions to finer-grid regional 
layer(s).

18

Local refinement

• 3-layer set-up for a regional grid refined to 0.08°x 0.08°

Global 
Layer

Regional 
Layer 1

Regional 
Layer 2 9°x9° with 0.08°x0.08° res.

16°x16° with 0.3°x0.3° res.

Global with 1.4°x1.4° res.

Refinement – UTA 



Stochastic Gravity Wavefields (SGWs)

6/25/2018 19Drob et al. [2013]

ray-tracing

• Simulation local time is 1 pm and season is June 11th
Change from 3x  6x ΔTforcing (2x Increase) 



 Global Ionosphere Thermosphere Model 
(GITM)

Maute and Richmond 2016, SSR

 NCAR 3D electrodynamics model

solves for:

• 6 Neutral & 5 Ion Species

• Ion and neutral density, velocity and temperature

• Flexible grid resolution 

• Can have non-hydrostatic solutions

Ridley, A., Deng, Y., and Toth, G. (2006), J. Atmos. Solar-Terr. Phys., 68, 839-864. 

• Solves the neutral dynamo 
along the magnetic field lines

• Capable to solve the 3-D 
currents.

Couple GITM with NCAR 3D electrodynamics model

Electrodynamics – UTA+HAO 



𝜕𝑛

𝜕𝑡
= −𝒖 ⋅ 𝛻𝜌 − 𝜌 (𝛻 ⋅ 𝒖)

Continuity 

Equation:

EIA ETA

[Zhu et al., 2017]



2013-03-17, 1650UT potential(kV)
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Ø The top part shows the ion velocity and neutral velocity along the satellite for both with and without SAPS 

simulations.

ØThe black line represents the eastward velocity and blue line represents the northward. With the SAPS influence, 

the westward neutral wind velocity increases 100-150 m/s in the sub-aurora region.

ØThe bottom polar plot shows the different density field from the with and without cases. We choose 3 different time 

1652,1702 and 1712 UT.

Ø At all 3 times, the with SAPS cases have the increased westward neutral wind. And the neutral density will 

increase at higher latitude and decrease at lower altitude.

ØAs the time goes, the disturbance of neutral density area becomes broader to both polar and equator ward 

direction and the intensity decreases. 

SAPS simulation with UCLA-RCM and GITM coupled Model
Yang Lu1 (yang.lu@mavs.uta.edu ), Yue Deng1, Jiapeng Guo2, Donghe Zhang2, Chih-Ping Wang3, Cheng Sheng4

1. University of Texas at Arlington, Arlington, Texas, USA 2. School of Earth and Space Sciences, Peking University, Beijing, China 3. Department of 

Atmospheric and Oceanic Sciences, University of California, Los Angeles, California, USA. 4. High Altitude Observatory, National Center for Atmospheric 

Research, Boulder, Colorado, U.S.A 

Ion velocity in the Sub Aurora region observed by Satellites in storm

time often shows a significant westward component (up to 1000-

2000m/s). The high speed westward stream is distinguished with

convection pattern. This kind of events are called Sub Aurora

Polarization Stream (SAPS). In March 17th 2013 storm, DMSP F18

satellite observed several SAPS cases when crossing Sub Aurora

region. In this study, Global Ionosphere Thermosphere Model (GITM)

has been coupled to UCLA-RCM model to simulate the impact of

SAPS during March 2013 event on the ionosphere/thermosphere.

The particle precipitation and electric field from RCM has been used

to drive GITM in the high. To improve the physical understanding, the

neutral wind and force terms in the momentum equation will be

analyzed. Meanwhile, the neutral density and neutral wind

simulations will be compared with GOCE observations.

l The RCM-GITM coupled could simulate the storm time event and especially for the SAPS event.

l The neutral wind from simulation has the similar structure as the GOCE observations along the satellite 
trajectory but the simulation tends to underestimate the neutral wind speed.

l Compared with the SAPS case and without SAPS case, the SAPS increases the westward neutral wind 
speed by 100 – 150 m/s.

l SAPS influence the neutral density, as the time goes, the difference area becomes broader and the 
intensity goes decreases. The disturbance propagates like TID/TADS

RCM Model:

The RCM [Harel et al., 1981] simulates the electric and magnetic drift of ions 

and electrons and their electrodynamic coupling to ionosphere 

Plasma loss is modeled with specified loss rates owing to charge exchange for 

ions and owing to pitch angle scattering for electrons 

Output: Electron precipitation energy flux and average energy, potential -àGITM

GITM Model:

The GITM [Ridley et al., 2006] simulates the global neutral and electric particles’ 

motion. It can simulate the non-hydrostatic situation and has the flexible 

resolution. In this study it uses UCLA-RCM output as forcing to simulate the 

SAPS cases.

Ø The left figure shows the GOCE observation of neutral wind. And the right part shows neutral wind 

from RCM-GITM coupled model. 

ØThe right figure shows the neutral wind along the GOCE trajectory projected to the cross-track 

direction since the GOCE satellite can only have cross-track direction measurements.

ØCompared with GOCE observation, the neutral wind from RCM-GITM simulation has the similar 

trend. In large scale structure it is roughly similar.

ØIn the sub- aurora region both simulation and observation have westward neutral wind which is 

consistent with SAPS phenomenon.

ØThe neutral wind velocity from simulation is smaller than observation in most points which indicates 

the simulation is tend to underestimate the westward neutral wind, but the direction is consistent well.

l More data will be included in the analysis

l More detailed comparison of SAPS and without SAPS cases will be conducted

lThe conductance field from GITM will affect the RCM ion and electron motion equation. The self-
consistence model is needed to more detailed discussion.

1) In the simulation period from 1650-1800 UT, we uses UCLA-RCM model to get the 

potential field, electron precipitation energy flux and average energy every 10 minutes.

2) Input the forcing from RCM to drive GITM get the neutral wind and neutral density.

3) Extract the data output from GITM along the GOCE satellite trajectory and compare the 

neutral wind and neutral density with the GOCE observation.

4) To understand the physics influences of SAPS event, we smoothed the potential field in 

the sub-aurora region as the background run as well. Compare the cases with SAPS 

and without SAPS.

Ø Above shows the potential field at the same time. The blue 

dash line is the aurora boundary defined from the electron 

energy flux.

Ø In this study we test the case with SAPS and without SAPS. 

In the without SAPS case, we smoothed the sub-aurora 

region potential field as the background run.

ØThis is the electron precipitation energy flux and average 

energy from RCM model. In the figure we label the aurora 

boundary by the blue dash line

Abstract Model Description Methodology

Forcing Model results compare with GOCE With or Without SAPS case comparison

Conclusion future work

GOCE RCM-GITM
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GITM/UCLA-RCM coupling

2013-03-17, 1650UT potential(kV)
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Ø The top part shows the ion velocity and neutral velocity along the satellite for both with and without SAPS 

simulations.

ØThe black line represents the eastward velocity and blue line represents the northward. With the SAPS influence, 

the westward neutral wind velocity increases 100-150 m/s in the sub-aurora region.

ØThe bottom polar plot shows the different density field from the with and without cases. We choose 3 different time 

1652,1702 and 1712 UT.

Ø At all 3 times, the with SAPS cases have the increased westward neutral wind. And the neutral density will 

increase at higher latitude and decrease at lower altitude.

ØAs the time goes, the disturbance of neutral density area becomes broader to both polar and equator ward 

direction and the intensity decreases. 

SAPS simulation with UCLA-RCM and GITM coupled Model
Yang Lu1 (yang.lu@mavs.uta.edu ), Yue Deng1, Jiapeng Guo2, Donghe Zhang2, Chih-Ping Wang3, Cheng Sheng4

1. University of Texas at Arlington, Arlington, Texas, USA 2. School of Earth and Space Sciences, Peking University, Beijing, China 3. Department of 

Atmospheric and Oceanic Sciences, University of California, Los Angeles, California, USA. 4. High Altitude Observatory, National Center for Atmospheric 

Research, Boulder, Colorado, U.S.A 

Ion velocity in the Sub Aurora region observed by Satellites in storm

time often shows a significant westward component (up to 1000-

2000m/s). The high speed westward stream is distinguished with

convection pattern. This kind of events are called Sub Aurora

Polarization Stream (SAPS). In March 17th 2013 storm, DMSP F18

satellite observed several SAPS cases when crossing Sub Aurora

region. In this study, Global Ionosphere Thermosphere Model (GITM)

has been coupled to UCLA-RCM model to simulate the impact of

SAPS during March 2013 event on the ionosphere/thermosphere.

The particle precipitation and electric field from RCM has been used

to drive GITM in the high. To improve the physical understanding, the

neutral wind and force terms in the momentum equation will be

analyzed. Meanwhile, the neutral density and neutral wind

simulations will be compared with GOCE observations.

l The RCM-GITM coupled could simulate the storm time event and especially for the SAPS event.

l The neutral wind from simulation has the similar structure as the GOCE observations along the satellite 
trajectory but the simulation tends to underestimate the neutral wind speed.

l Compared with the SAPS case and without SAPS case, the SAPS increases the westward neutral wind 
speed by 100 – 150 m/s.

l SAPS influence the neutral density, as the time goes, the difference area becomes broader and the 
intensity goes decreases. The disturbance propagates like TID/TADS

RCM Model:

The RCM [Harel et al., 1981] simulates the electric and magnetic drift of ions 

and electrons and their electrodynamic coupling to ionosphere 

Plasma loss is modeled with specified loss rates owing to charge exchange for 

ions and owing to pitch angle scattering for electrons 

Output: Electron precipitation energy flux and average energy, potential -àGITM

GITM Model:

The GITM [Ridley et al., 2006] simulates the global neutral and electric particles’ 

motion. It can simulate the non-hydrostatic situation and has the flexible 

resolution. In this study it uses UCLA-RCM output as forcing to simulate the 

SAPS cases.

Ø The left figure shows the GOCE observation of neutral wind. And the right part shows neutral wind 

from RCM-GITM coupled model. 

ØThe right figure shows the neutral wind along the GOCE trajectory projected to the cross-track 

direction since the GOCE satellite can only have cross-track direction measurements.

ØCompared with GOCE observation, the neutral wind from RCM-GITM simulation has the similar 

trend. In large scale structure it is roughly similar.

ØIn the sub- aurora region both simulation and observation have westward neutral wind which is 

consistent with SAPS phenomenon.

ØThe neutral wind velocity from simulation is smaller than observation in most points which indicates 

the simulation is tend to underestimate the westward neutral wind, but the direction is consistent well.

l More data will be included in the analysis

l More detailed comparison of SAPS and without SAPS cases will be conducted

lThe conductance field from GITM will affect the RCM ion and electron motion equation. The self-
consistence model is needed to more detailed discussion.

1) In the simulation period from 1650-1800 UT, we uses UCLA-RCM model to get the 

potential field, electron precipitation energy flux and average energy every 10 minutes.

2) Input the forcing from RCM to drive GITM get the neutral wind and neutral density.

3) Extract the data output from GITM along the GOCE satellite trajectory and compare the 

neutral wind and neutral density with the GOCE observation.

4) To understand the physics influences of SAPS event, we smoothed the potential field in 

the sub-aurora region as the background run as well. Compare the cases with SAPS 

and without SAPS.

Ø Above shows the potential field at the same time. The blue 

dash line is the aurora boundary defined from the electron 

energy flux.

Ø In this study we test the case with SAPS and without SAPS. 

In the without SAPS case, we smoothed the sub-aurora 

region potential field as the background run.

ØThis is the electron precipitation energy flux and average 

energy from RCM model. In the figure we label the aurora 

boundary by the blue dash line

Abstract Model Description Methodology

Forcing Model results compare with GOCE With or Without SAPS case comparison

Conclusion future work
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1. GITM/RCM two-way coupling; 
2. Mechanism study
3. Event study

Coupling – UTA+UCLA 



J|| ∙(Bi/Beq)∙sin(I) = –∇i·[Σ·∇iΦi] 

current continuity

M-I coupling of bursty flow

magnetosphere ionosphere

J||

Σ

Φ

(∇Vol ×∇S)·b/Vol 5/3 = J||

initiating a busty flow by 
a local (~1 MLT wide) decrease of 
S (density up  temperature down ) for 10 min



5.6 Nitric Oxide

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

— Infrared cooling in the 5.33 μm band—thermostat effect
— Controls temperature in the critical 120 km region

Courtesy of Scott Bailey  Virginia Tech

April 10 2002

April 18 2002
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[Knipp et al., 2017]

NO cooling – CU+UTA 



September 2017 
Storm  NO Flux 
reconstruction

CME1 CME2

Shock/
Sheath 1 
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NO Emission: Multiple linear regression of14-year SABER measurements [Mlynczak et al., 2016]

SABER: GITM:

[Lin et al., 
2018]
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6. Deep learning for TEC maps: data completion 

RDCGAN-TEC

• Traditional DCGAN can

not work for TEC map

completion

• The result generated by

RDCGAN c a n s h o w s

satisfactory ionospheric

peak structures at different

times and geomagnetic

conditions.



5. Summary:

• MURI is a team project including effort in data 
analysis, data assimilation, empirical model and 
theoretical model. 

• The progresses we have made include:

– Ionospheric and atmospheric disturbances;

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

– Electrodynamics;

– Improvement of physics-based model;

– No chemistry;

– Deep learning;


