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Schedule
Presenter Title
Jiang Liu Dawn side auroral polarization streams
Larry Lyons Flow channel control of substorm azimuthal expansion
Russell Landry Storm-time DMSP Poynting flux measurements and conductance estimations
Michael Negale Tracking Polar Cap Patches Using a Reconstructed Ionosphere
Joaquin Diaz-Pena Polar cap boundary dynamics
Zihan Wang Observation and modeling of polar cap patches
Ying Zou Effect of substorms on upper thermospheric winds
Olga Verkhoglyadova Importance of Magnetosphere-Ionosphere-Thermosphere coupling at meso- and small-scales
Doga Ozturk Modeling meso-scale electric field variability through GCMs
Qingyu Zhu Impact of binning methods on high-lat electrodynamic forcing
Ildiko Horvath/Cheryl Huang MIT coupling captured by OpenGGCM
Meghan Burleigh Ion outflow, model and rocket data

Rachel Frissell/Andy Gerrard NJIT AGOs
Ashton Reimer New RISR capability
Nathaniel Frissell Antarctic HF receiver
Alex Chartier/Ethan Miller RadioICE: A new HF ionospheric sounder in Antarctica
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Storm-time DMSP Poynting flux measurements and conductance estimations

• Integrated DMSP measured Poynting flux during 44 
geomagnetic storms (2000-2012)

• Used storm main phases with defined Newell boundaries

• Estimated conductance from particle precipitation spectra
• Fang et al. (2010) - electron impact ionization rates
• Fang et al. (2013) - ion impact ionization rates
• Assume chemical equilibrium, Rees (1989) recomb. coeff.s
• T

e 
and NO+, O

2
+ concentration ratio from IRI

• T
n
 and neutral density from MSIS

• Solar conductance from Moen and Brekke (1993)

Russell Landry
Christos Christodoulou

University of New Mexico
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We can use AMISR capabilities to do a 3D map 
of the density by interpolation.

● Patches can then be identified and 
characterized including their altitude structure. 

● Approximate velocity of the plasma can also be 
obtained by this method. 

● By Including OMTI images a better 
understanding of events is acquired. 

This particular event had steady Bz positive 
and By negative and several auroral arcs (red 
line)

High latitude reconnection should be expected. 



F region patch touches aurora

By approximately following the center, and thus moving in 
the frame of reference of the F region patch we can create 
a time series (going from darker to lighter color in the figure) 
to study the time evolution of the patch as it moves towards 
the OCB.
● Maximum density remains steady through time
● Both temperature and pedersen conductivity remain 

steady in time until the patch touches the auroral arc.
● At this time there is an enhancement in temperature and 

low altitude density.  

The sudden low altitude density enhancement occurs in a 
time interval of less than 4 minutes.  This affects the lower 
altitude pedersen conductivity. 



Conclusion:
● σp enhancements leads to an large local Joule 

heating at the peak of the F region and below.
● AMISR has great capabilities to study the small 

scale dynamics of the polar cap.
● There is a need to use both modeling and 

observations to discern between if the 
movements are due to diffusion, transmort, 
convection, etc. 

We can estimate the height integrated Pedersen.
● Conductivity is a constant 2 S above 180 Km.
●  Below 180 Km it is shown to spike when 

touching the arc, surpassing the values above 
and thus dominating the total value

By assuming a neutral wind at rest, it is possible to 
compute an approximate Joule heating rate in the 
frame of reference of the patch. 

A pass from DMSP F16 happened at the same time 
going over RISRN, and energy deposition is 
calculated on its orbit It shows the highest energy 
inside the auroral arc at 4mW/m2.
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Modeling meso-scale electric field variability through GCMs
Dogacan S. Ozturk1, Xing Meng1, Olga Verkhoglyadova1, Josh Semeter2, Roger Varney3, Ashton Reimer3

© 2019 California Institute of Technology. Government sponsorship 
acknowledged.

contact: dogacan.s.ozturk@jpl.nasa.gov

• Global Circulation Models (GCMs) 
traditionally use empirical models for 
global estimates of electric fields 
and conductivity and significant 
work is ongoing to resolve 
meso-scale structures1.

• Missing meso-scale electric field 
variability (temporal + spatial) 
causes underestimation of energy 
input and dissipation in the 
high-latitude Ionosphere2.

1 Codrescu et al. 1995; Deng et al. (2009); Cousins et al. (2013)
2 Cosgrove et al. (2009); Huang et al. (2014); Brinkman et al. (2016)

Our aim is to understand the role of meso-scale electric fields in 
energy dissipation at high-latitude I-T system. This talk summarizes 
our efforts in quantifying dynamic driving using ISR measurements and 
adapting a first-principles model to dynamical driving.

Weimer Model estimates

ISR Measurements

meso-scale (500-100 km, <15 minutes)

1: Jet Propulsion Laboratory, California Institute of Technology; 2: Department of Electrical and Computer Engineering and Center for Space Physics; Boston University; 3: Stanford Research Institute



jpl.nasa.gov

PFISR LOS velocity measurements can be used to derive Electric fields on a 2D grid*.

* Procedure requires certain amount of beams, data 
courtesy of Roger Varney and Ashton Reimer.
1 Ridley, Deng and Toth, JASTP, 2006

Temporal resolution [66 seconds], 
Spatial resolution [0.05° in latitude 
and 0.3° in longitude, ~10 km]

• Certain beams are more reliable
• Errors guide validation efforts

PFISR aiding the ISINGLASS experiment with 15 
beams operating [Clayton et al., 2019, JGR]
→Calculate and subtract 30 min. average from 
measurements

E_total=E_background+E_variability
→Down sample and calculate the potential 
differences in new grid (0.75°x0.75°)
→Merge the calculated potentials with Weimer 
potentials to obtain a global potential pattern
→Drive GITM1 with the new potential patterns
→Validate results with comparisons of PFISR Ne, 
Te, and Ti measurements along the beams



jpl.nasa.gov

• Investigate the effects of meso-scale electric 
fields on the global energy budget during active 
geomagnetic periods.

• Validation Studies: More events, more 
conjunctions, different sets of measurements

• Error and uncertainty quantification in 
measurement input and modeling results

Key Points
Plasma profiles vary for different drivers.

38

Future work

• We are developing a framework that can utilize 
any local (meso-scale) 2D electric field 
measurement as input to run a global I-T model. 

• Different drivers performed better depending on 
time and altitude.

• Electron density significantly underestimated 
below 200 km.

Variability seems to play an important role in electron 
density above 150 km.

Ion temperature estimates are improved above 200 km, 
once the background and total electric fields are employed.
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Impact of the binning methods on the high-latitude electrodynamic 
forcing: static vs boundary-oriented binning methods

Qingyu Zhu, Yue Deng, Arthur Richmond, Astrid Maute, Rod Heelis, Marc Hairston, Yun-Ju Chen, 
Liam Kilcommons, Delores Knipp, Robert Redmon, Elizabeth Mitchell

2019 CEDAR, Santa Fe

Data and Model

GITMDMSP
F16~F18, 2010~2014

Electric potential
→ Cross-track ion drift

(SSIES)

Electron precipitation
(SSJ)

6 Neutral & 5 Ion 
Species

Flexible grid resolution
Can provide 

non-hydrostatic 
solution

[Ridley et al., 2006]

Static 
Binning

Boundary-
oriented 
Binning

Introduction & Motivations
o Empirical models of the high-latitude electrodynamic forcing 

are important for general circulation models (GCMs):
• Empirical model ← data are typically binned according to their 

MLATs and MLTs (Static binning)
➟ Physically smeared ➟ Joule heating underestimation

• Alternatively, data can be organized according to boundaries 
(Boundary-oriented binning)

Convection reversal boundaries 
(CRBs) → Electric potential

Auroral boundaries 
(ABs) → Particle precipitation 

▪ How are boundary-oriented binning results different from 
the static binning results?

▪ How much can Joule heating estimation be affected if 
high-latitude electrodynamic forcing patterns from different 
binning methods are utilized to drive a GCM?

o Motivations: All seasons 
Both hemispheres

Moderate IMF BZSD 
Clock angle: 135°-225°;   

Bt: 3~10 nT; 

Conditions➟ 

➟ 



Auroral boundaries and CRBs

Poleward AB Equatorward AB CRB

ABs: Kilcommons et al., [2017] CRBs: Chen et al., [2015]

F17
F16

F18

o CRB is poleward of 
PAB in general; 

o Good alignment 
between CRB and 
PAB (Offsets are 
generally <2°). 

 ← MLATCRB ‒ MLATPAB

Binning results: Static (Top) vs boundary-oriented (Bottom)

As compared with static binning results, 
boundary-oriented binning can:
o Generate a narrower but more intense electron 

precipitation pattern

o Increase cross-polar-cap potential (CPCP, ~12%)  

o Increase the electric field magnitude near the CRB
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Impacts on Joule heating by using different binning results
(a) Run1 JH: Static pattern (b) Run2 JH: BO pattern (c) (Run2-Run1)/Run1

o As compared with Run 1, in Run 2:

• Peak values of the Joule heating increase on both dawn and 
dusk sides;

• Hemispheric-integrated Joule heating increases by 18% even 
regions with intense Joule heating are more poleward;

Run 1: GITM + static binning results

Run 2: GITM + boundary-oriented (BO) results
Simulations

Summary:

o As compared with static binning 
method, BO method can: 

• Generate a more confined 
and intense electron 
precipitation pattern; 

• Increase the CPCP by 12%;

• Increase the electric field 
magnitude near the CRB;

o As compared with the simulation 
driven by static results:

For moderate IMF BZSD cases:

• Joule heating increases by 
18% if BO binning results are 
utilized to drive a GCM.

Thank you!
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Electron Temperature: 0 to 5000 KSummary:
● New low duty cycle capability for RISR-N due 

to installation of 200kW generator (NSF!)
● Nearly 24/7 continuous multiple beam 

operations since April 17, 2019 and operations 
are still going (64 days)!

● 57 days of data shown here contains:
○ 2 CMEs: 11 and 14 May, 2019
○ structured convection before, during, 

and after CMEs
○ F region density depletion associated 

with ion temperature enhancements 
during CMEs (outflow?)

● How do we best exploit low duty continuous 
measurements at RISR?



Electron Density: 1e9 to 5e11 m^-3 Ion Temperature: 0 to 2500 K

CME arrivals: May-11 and May-14



m/s

Convection Velocity East Component Convection Velocity North Component
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Nathaniel A. Frissell1, Robert Melville1, Andrew Stillinger1, Gil Jeffer1, Andrew J. Gerrard1, and Philip J. Erickson2

1New Jersey Institute of Technology  2MIT Haystack Observatory

HF Antarctic Receiver

Objective: Study ionospheric variability with
● HF signals of opportunity
● Low-cost/Hobby Equipment

(Citizen Science Access)

Equipment:
● Red Pitaya 125-14

○ HPSDR Emulator Software
○ GNU Radio
○ MIT Haystack DigitalRF

● Raven Single Board Computer (SBC)
● GPS for Time Stamping
● 1 TB Ruggedized SSD
● DXE RF-PRO-1B Active Mag Loop

○ 0.1 - 30 MHz
● 120 W 32V Solar Panel
● AGO Batteries
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HF Antarctic Receiver
● Record Raw IQ Voltages
● 6 Bands 48 kHz Bandwidth

○ CHU, Ottawa, Canada
○ HF Ham Radio
○ 3, 7, and 14 MHz

Arrival Heights New Jersey
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HF Antarctic Receiver

CHU @ New Jersey
7 January 2019

CHU @ Arrival Heights
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Fall AGU Session: SA014 Pathways of Dynamic Magnetosphere 
Coupling to High-Latitude Ionosphere 

Olga P Verkhoglyadova, Cheryl Y Huang, Michael Hartinger and Stephen R. Kaeppler

Magnetosphere-ionosphere (MI) coupling is one of the most important science topics for the near-Earth 
environment and space weather. Recent observational findings indicate that the MI coupling is inherently 
dynamic and occurs at multiple spatial scales. Understanding magnetospheric coupling to different 
ionospheric regions calls for innovative theoretical approaches and combined analysis of multiple 
datasets. We will re-examine the roles of possible coupling pathways (large and mesoscale fields, 
particles and ULF waves). How are these coupling mechanisms incorporated in drivers of physics-based 
models? What are the effects of coupling at different ionospheric altitudes and regions? How to quantify 
energy transport? How various precipitating particle populations contribute to local ionospheric 
conductivity? What is the role of ULF waves in MI coupling at different altitudes? What is the impact of the 
ionospheric feedback instability? Discussions of multi-instrument observations, including satellite 
conjunctions, ISR, SuperDARN, magnetometer chains, rocket measurements, and of modeling efforts are 
solicited.

https://agu.confex.com/agu/fm19/prelim.cgi/Home/Session/75140
https://agu.confex.com/agu/fm19/prelim.cgi/Home/Session/75140

