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GEM FG Report on MIT coupling

Hyunju Connor (UAF)
1. Brent Sadler: 2D IT model 2. Hyunju Connor: OpenGGCM-CTIM MIT model
Periodic soft electron precipitation Sudden enhancement of Psw causes neutral density

produces neutral density enhancement| enhancement observed near the cusp.
above 400km altitude.
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3. Doga Ozturk: SWMI-GITM one-way coupled model
Sudden compression and decompression of Psw produce opposite magnetospheric
vortices, affecting FAC, Joule heating, ionospheric convection, etc.
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4. Kevin Pham: CMIT & CMIT-IPWM models

CMIT model does not show SW preconditioning effect in the MIT system. However,
CMIT-IPWM one-way coupled model suggests that ion upflow/outflow can memorize
the preconditioning effect and modify the MIT system.
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Relation between SAPS and Neutral Wind (St Patrick’s 2013 storm)

Observation * DMSP-18 Simulation
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Simulation Result: Force Term Analysis

Neutral Equation of Motion
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Pressure gradient

In Sunward direction

* lon drag is the most dominant force.

* Coriolis force have contribution in
lower latitude.

* The pressure gradient force
generally acts against ion drag.

* The role of horjzontal advection
depenfs nqat!tuge.
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Simulation Result: Polar View of Force Term Analysis at T=20 UT

Concluding Remarks

+** The ion drag is the most
dominate force on driving

wind at suauroral region.

+* The other forces have
limited contribution

% IMldepending on time and
_ location.
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Bill Lotko, wlotko@dartmouth.edu Simulation Schematic

<‘ T Launch
S °p CUSP IONOSPHERE ,
Alfvén waves
(4 Reflected Power at high
T . altitude
Generator -p» Downward propagating Alfvén wave
'g 7z=18,000 km (adjust amplitude to match CHAMP FAC at 400 km) Diagnose
interaction
with
B = L _ ionosphere
Energy conservation: P = P, . +P, +\iTrans
VA
l Negligible
Joule + Ohmic
$‘ ’é 40x40 modes | 0.05 < f<2Hz | 0.5<A <20km
Trapped I 0 a0 Vst
N cHame B (3,20) = 30D i (2) OS2 ey +6,,)
m=1 n=1
h:. - X COS(2TNt [ Tpnay + 0, + i)
(



Absorbed Power vs Altitude 2/3
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Fields at 400 km | Heating Rate vs Altitude
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Estimate of energy deposition by Alfvén
waves in the IT

0. P. Verkhoglyadova, X. Meng, A.J. Mannucci (1), R. McGranaghan (1, 2)

'Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA;
2University Corporation for Atmospheric Research (UCAR), Boulder, USA

» Recent ground-based and spacecraft observations indicate the importance of
dynamic ionospheric response to external driving, and the existence of transient
and multi-scale plasma features in the high-latitude IT (Huang and Burke, 2004;
Semeter et al., 2010; Lyons et al., 2016; Huang et al., 2016; McGranaghan et al.,
2017+)

» ULF/Alfvén waves are important contribution to electromagnetic energy flow from

the magnetosphere to the high-latitude ionosphere during geomagnetically active
periods (Keiling et al., 2003; Lotko, 2004, 2007; Chaston et al., 2005; Hatch et al.,

2016; Miles et al., 2018; Pakhotin et al., 2018+ )

Copyright 2018. California Institute of Technology. All Rights Reserved. Sponsorship of NASA Heliophysics Division.

CEDAR 2018 1



&% The relative efficiencies of Alfvéen wave
I dissipation during quiet-time and storm
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Changes in the Pedersen conductivity E,s  quasi-static field
due to waves at 60° Iat and 12LT Table 1. Horizontal clectric field estimations from GITM at 60° latitude.
o Conductivities from GITM at JOW6ON_ Time Quiet time value, mV/m Storm time value, mV/m
% - = o 12 LT (18 UT) 0.25 (11 Oct.) 46 (13 Oct.)
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£ b : i
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g pi .. storm
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Conductivity (o) change, %

Copyright 2018. California Institute of Technology. All Rights Reserved. Sponsorship of NASA Heliophysics Division.
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Conclusions

An analytical expression for energy deposition by propagating Alfvén
waves in the collisional ionosphere-thermosphere is derived.

The relative efficiency of energy deposition rate of Alfvén wave (up to 5Hz
in. frequency) to static field is estimated to be ~10% at high latitudes and

below 250 km altitude.

We show that Alfvén wave energy deposition can reach about 30% of the
value of static Joule heating during a strong storm.

This effect carries important implications for ionospheric dynamics,
especially for density enhancement in the daytime cusp, heating in the

vicinity of auroral arcs and ion outflow.

Verkhoglyadova et al, JGR, 2018; https://doi.org/10.1029/2017JA025097.

Copyright 2018. California Institute of Technology. All Rights Reserved. Sponsorship of NASA Heliophysics Division.

CEDAR 2018
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High Poynting Flux Regions

Cheryl Huang', Yanshi Huang?, Tom Sotirelis®

Air Force Research Laboratory; 2Harbin Institute of Technology; ® Applied Physics '*

There are 14 moderate storms
in our DMSP Poynting flux
database.

Select NH passes at high
latitudes on the dayside.
Use 20 mW/m? as our
working definition of high
PF.

Determine the regions where
this level of PF occurs,
based on DMSP particle
precipitation measurements,
using the APL boundary
identification algorithm
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[Newell et al.,
2004]



\
A\ V4
«Qr

High Poynting flux and particle precipitation
Example: DMSP F18 DOY 217, 2011, 1954 UT

S, > 20 mW m-

For this pass, the high PF regions
correspond to: (1) nightside;
(2) polar cap; (3) LLBL, CPS,

cusp, BPS

F1B8 =1

29

Log JE
o3

s 0

Elections
)
L R o o 2 ol
aln

[eV] [eViem®

Avg E
=]

=" VWL ¢ '_.'~.~~.‘-' 3

B TN pey SN Y -

Qe R OH et fog P T T 5

O ey e LY O R z;.)s'.a‘.. r
. v

Electrona

Log Enorgy
[eV]

S55 b
11 bl

4 B3
210 M0

DlsTR]BlmON STATEMEN-T "\ = UIICIaGDDNITU, VIHITHNIGU iduivuuun

S. 3
L olcirens lons

JHUIRPL

'

2



\ / Results of high PF study
% 14 storms; 279 high PF boundary regions identified

rad
2% i / ed
cusp 9%
2% polar
rain/void
mantle

15%

2%
CPS
7%

Number of high PF events

Roughly half the high PF events occur in the BPS — note this is not the same as saying that half the PF

occurs in the BPS. But the entire dayside ionosphere at high latitudes is affected by solar wind merging.

Not shown: There appears to be little correlation between particle precipitation and high PF occurrence,
i.e. high PF can occur with weak precipitation (low energy and/or low number flux) and vice versa. High
energy input is not correlated with high conductivity.
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Coordinated Poynting Flux and Neutral Density | & O, ST
Enhancements During the 17 January 2005 "

Geomagnetic Storm
Ildiko Horvath and Brian Lovell, The University of Queensland, Australia

CHAMP, 17 January 2005, 1200-1800 UT
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CHAMP detected localised neutral density enhancements
over the northern and southern cusp and polar cap regions.

This study’s aims are to find out:
* how the Poynting flux, derived from DMSP data, became deposited and varied
over the auroral and polar cap regions, and

* how the thermosphere responded to these Poynting flux depositions.



Correlated CHAMP & DMSP F15 Polar Cross Sections

oon  CHAMP-09-09: 12.07-12.52 UT

Southern-Hemisphere
Scenario

4)

In FC-1 (Region) R1-R2
FACs and

in FC-3 (Tail) T1-T2 FACs
connect via ionospheric
Pedersen currents (Jp)
[Sandholt & Farrugia 2012].
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Southern-Hemisphere Scenario:
Correlated CHAMP and DMSP F15 Polar Plots

CHAMP
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Conclusions

(1) Correlated CHAMP and DMSP F15 measurements demonstrate the coordinated
enhancements of earthward Poynting flux (S)) and neutral density within FC-1 & FC-3.

(2) Electromagnetic energy (S)) input via flow channel was the primary driver of the
development of the localized neutral density peaks investigated.

(3) The central polar cap (MLAT>78 region) was the main region of electromagnetic energy
deposition during this scenario.
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Bob Robinson, Catholic University

g 15 Energy Flux from PFISR
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Energy Input (GW)
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* Joule heating is localized and impulsive, and dominates energy input from precipitating particles during
geomagnetically active periods.

* Largest Joule heating is found in the MLT sectors where the field-aligned current is well correlated with
conductance.

* Impulsive Joule heating events coincide with loss of energy from ring current as determined from Dst.

Joule heating (black) and energy MLT Distribution of Joule Heating
flux from precipitating particles > 50 ergs/cm?-sec
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The localized and impulsive nature of the Joule heating events is a result of the increase in conductivity with field-aligned
current, which makes the magnetosphere-ionosphere current system a variable resistant circuit subject to runaway current

conditions as the electric field increases. 011005 MLT
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Multiscale FACs: Characteristics & implications for the (/\CPAESS
magnetosphere-ionosphere-thermosphere system oo
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0] e
(a) [ Current away from ionosphere (b)

lijima and Potemra [1978]
0 Characteristics
0 Dependence on IMF clock angle 0 Dependence on IMF clock angle
° Dependence on solar zenith angle ° Dependence on solar zenith angle

ﬁ Relationship between scales

6/25/2018 McGranaghan: Multiscale FACs 32



(/\CPAESS

Cooperative Programs University Corporation for
for the Advancement of Atmospheric Researc h
Earth System Science (UCAR)

Discovery

Disagreement between Swarm FACs Disagreement between Swarm FACs
at large-scales (>350 km scale size) at small-scales (~50 km scale size)

@ Away from ionosphere (upward FAC) Radial direction: Increasing disagreement

. Toward ionosphere (downward FAC) (difference between model and Swarm estimates)
Size indicates magnitude

6/25/2018 McGranaghan: Multiscale FACs 33



(/\CPAESS

Cooperative Programs University Corporation for
for the Advancement of Atmospheric Researc| h
Earth System Science (UCAR)

Can this explain ‘anomalous’
magnetosphere-ionosphere-thermosphere behavior?

Disagreement between Swarm FACs at
small-scales (~50 km scale size)

Mass Density Difference (%) NH
Neutral density ‘anontaties’
[Liu et al., 2005]

How do we examine the role of additional electrodynamic
. parameters and the impact on geospace?

March 17, 2013 DOY:076 Orbit: 48561 (DMSP F16)
North UT 10:25

SSUSILBHS (kR)

6/25/2018 Courtesy: Larry Paxton - ’ etal., [2015]


http://dx.doi.org/10.1029/2004JA010741
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Impacts of multi-scale FACs on the IT system: GITM study

'Qingyu Zhu, 'Yue Deng, *Arthur Richmond, **Ryan McGranaghan, *Astrid Maute
IUTA; 2HAO, NCAR;3UCAR;4PL

Introduction & Motivation Data and Model
o FACs are critical for MIT coupling study

Scale dependence comparison

o Large-scale FAC pattern has been well established Slide -
l e R - -
~ Departures from the large-scale FAC pattern cannot Swarm FAC >y DE-2Electric Ffeld
be simply ignored, particularly for those related with 2 year Single-satellite 1%5 year data ‘ée”"ed
meso- and small-scale FACs. Swarm A8iC FAC data rom IDM and RPA

Sllde 3: Reference for simulation

l‘\
i: 2 e

( NCAR ionospheric [Ridley et al., 2006]
electrodynamo model 6 Neutral & 5 Ion Species

o How do FACs on different scales impact Maute and Richmond, 20161 | Efocrie fild

?
the IT system!? Solves for 3D
ionospheric electric

Flexible grid resolution
fields, currents and Winds & 9
magnetic perturbations\Conductivities {{ Can have non-hydrostatic
K solutions /

Ion and neutral density,
velocity and temperature

7< Relationship between ionospheric
electrodynamics and FAC:

o Does ionospheric electric field have similar scale
dependence as FAC?




warm - eleclric rie
100-500 B-100kM 4 100~500 km 8~100kM  (mymi
12
Average o N
Standard
deviation
Variability
00
MLT
Specira of o Power spectra: dBy = Ex (N-S electric field) [Weimer. 1985]
FAC and dB)’ -10-'.|||ﬁ| | i o dBy (Ex) \ as scale \ o FAC is roughly constant

a-2{" |l

=, || ',n" Discrepancy between FAC (J;) and ionospheric electric field (E, ):

_8—30- ‘| ‘r.lilm[ﬁ ﬂi FAC OE

i 'll[/ J, ==V, - (- E) ey SR E
%40 \ l 4'[ R I i ik »]“ Xp % » ”"| % ILxl » |E,| o ”IIlL
* <E—so- \\ = p—T——— L: scale size IE, |\ with L
dBy: E-W 601 dB)’ n Mmeso-/small scale. if constant |, |
Magnetic i Strong ], # Strong E |
perturbation 1000 v 2

Scale Size (km)




Electric field variability Simulation Joule heating enhancement
FAC-GITM DE-2 >500 km Var 100~500 km Var o
Results @ o CE

6

>500-kn

1 Focus: Energy deposition
.o e 4
Key: FACVar > EVar \\ }

0 An approach
€= to include FAC or our
v variabilities

1007500 km ST
Comparing with no FAC Var case

Large-scale ~5 mW/m? increase near the noon

10 FAC Var  ~160% global enhancement
4 Mesoscale ~| mW/m? increase near the noon
0 FAC Var  ~38% global enhancement
Summar : : T Impacts of electric field & particl
Y - ngh-latltUde variabilities on T:;C i:aczi:ne:nrr:e;eoscalep:;dlcs;aII
= J, and E; on mesoscale &  energy deposition: precip _
I le: scale to Joule heating
small scale. o Joule heating enhancement
: ST |) Poster: MITC=-25, WED, 4pm
o Jy ~ asscale N, E; \ asscale ; related to mesoscale variabilities is 230 T cozp"ng,,
non-negligible. ratin -
o Strong Ji # Strong E,. 919 sessionon THU, 1:30 pm

Fharnt W/
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Featherplot 36.304 Flight Flow data

data fusion: in situ plus imagery
High lat challenges :
“mesoscale structuring at high latitudes”

VEE Allsky, 2017,/03/02

07:53;00

Dartmouth Physics

Ref, Isinglass team Cedar Meeting, HilLat Challenges, June 2018, Santa Fe



lonospheric current continuity rules

/ Ey; - dl = Pore = g('!mr

V'.]—O—VI'JH f V‘-J‘

At ionospheric footpoint,

Vi Jy=Jy==-V - J =V, - (Z-E)

80

Jy = Zp(VL - EL)+V, E-EL -V - (&1 xEy)
Now, also

J| = € tluz/ Echar

80

Efluf - g«'luu' P ']|

and brightness gradient is

VE e = Echar * VJ)| + VEchar * J

The last term gives back the high-altitude Eyy;,
and the other term involves conductivity gradients
and ionospheric electric field divergences.

Ref, i.e., Brekke et al., 1997

. 166.201

——Rocket mapped Flow

| | ——PFISR mapped Flow

—— Raw data

66.2 66.4

66.6 66.8
Geomagnetic Latitude

R Clayton, 2018




Mission
Concept

2017-03-02 © GI-UAF/Conde
Phase 07:52:10 = | \

Four

~Wallops

200 ms™" v,
800 ms™' Vv,

AURORAL RECONSTRUCTION CUBESWARM

42



Bea



LIRS ]

W PCB identification using Redline ASls

universiTy o Bea Gallardo-Lacourt, Emma Spans_wick, Megan Gi_I_Iies, Elizabeth Roy, Eric
CALGARY Donovan, Aaron Ridley, and Dongjie Gou

Blanchard et al. [1997] used MSP redline emission +DMSP-9 to located the optical PCB
* Here we used DMSP as a benchmark for identifying the PCB in REGO

* 6300A emission is sensitive

to low energy precipitation.

It has an extended

altitudinal distribution

[150km-400km]
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relative to polar cap boundary
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¥ PCB identification using Redline ASls

universiTy o Bea Gallardo-Lacourt, Emma Spangwick, Megan Gi_I_Iies, Elizabeth Roy, Eric
CALGARY Donovan, Aaron Ridley, and Dongjie Gou

Blanchard et al. [1997] used MSP redline emission +DMSP-9 to located the optical PCB
* Here we used DMSP as a benchmark for identifying the PCB in REGO

* 6300A emission is sensitive

to low energy precipitation.

It has an extended

altitudinal distribution

[150km-400km]
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relative to polar cap boundary _


https://docs.google.com/file/d/15eoM5_FGH5kygiJjFlpZVXRTLphpOAes/preview
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REGO + DMSP conjunctions

REGO: Red Line Geospace Observatory. Active since November 2014 up to date

9 ASIs covering North America sector working in 3s time resolution
DMSP-16: Defense Meteorological Satellite Program. Active since 2003
We analyzed 50 events using REGO Rankin Inlet (RANK) ASI and DMSP-16. From

November 2014 to March 2016
We plan to extend this study to more ASls and DMSPs to improve our statistic

DMSP-16 satellite

11:38:00
605
264.8

04:27




REGO + DMSP conjunctions — Different mapping altitudes
* Max. luminosity ~4° equatorward than DMSP-PCB

* Luminosity decreased ~80% at the location of satellite boundary

itude = 190 km
Maximum *

average :]; &G PoIewara

_ luminosity | il

Mapping altitude = 230 km_
N
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Luminosity along DMSP-16 track (count)
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B A ' VAT i ]
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T g4 /verage '
T luminosity .
B Il 1 .45 | ]
-10 = 0 > 1 -10 5 0 5 10
Latitude (degrees relative to DMSP-16 PCB) Latitude (degrees relative to DMSP-16 PCB)

« Gillies et al., [2017] estimated the minimum altitude for the 6300A emission to be at 190km
* Discontinuities observed in arcs if redline is mapped to lower altitudes

CONCLUSION

* On average, max. luminosity located ~4° equatorward of PCB, consistent w/Blanchard et al.
1997
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! 'EAWavel Measur‘ements fromithefAntarcticiPolargEap,

Andrew Gerrard
Eenter for Solar -Terrestrial Research NJIT®
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Solar Wind ULF Coupling Into the Polar Cap
March 2017
(nn Ll L L) L L L

AGOS5 March Climatology o e e

=100 +
AGO5 March
Synoptics

-200 +
=300 +
-400 -

Period [min]

15 20

0 5 o
Time [UT]
E
| & B | P
-2 0 1 &
* Climatologies demonstrated in Frissell et al., 2018
GEM-CEDAR poster

* ULF features seen on March 1 at AGOS5 are directly

related to solar wind ULFs (e.g., Urban et al. [2016]) >

1.5 .0 2.5 3.0 3.5
Time [UT]

“Direct solar wind ULF influence”




Magnetospheric ULF Coupling Into the Polar Cap

March 2017
T
AGO3 March Climatology 0 N
AGO3 (L*9) March
Synoptics -
-300
€ - 400
2 -500 A—2
F 1 6

0 5 10 15 20
Time [UT]

Pericd [min]

1

-2 0

* ULF features seen on nightside March 1-2 at AGO3
(and AGO2), which are not related to solar wind ULFs

* In dusk-midnight sector, RBSPICE (L~6) sees lots of
injections.

* ULFs associated with injections? RIP!

*  Drift-mirror mode? e.g., Cohen et al. [2016], Cooper et
al. GEM2018 Poster, Soto-Chavez et al. [2018] “In-direct solar wind ULF inﬂuence”
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EISCATESD Craig Heinselman
EISCAT Scientific Association
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https://docs.google.com/file/d/14qNPJVJrLvGtJTdCHSLv8OaZbObl4J4t/preview

Power profile: 0.44 sec, 0.9 km range
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Fig. 7. Top: E-region enhancements in electron density corre-
sponding to auroral arcs drifting over EISCAT. Bottom: modelled
electron density.

Dahlgren et al., 2011
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" Speed Maps

Isotropic parameters 110 km Velocity 110 km
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CS10 Model (2005) New Model (2016)

B Mid-Latitude 8 High-Latitude 4 Polar

= We have recently derived an empirical model of ionospheric convection
including mid-latitude and polar SuperDARN HF radar velocity
measurements for the first time [Thomas and Shepherd, 2018]

E.G. Thomas New SD Convection Model 6/25/2018



-
TS18 Convection Model

0.0<Eg, <1.2 mV/m 3.0 <Egy <20 mV/m
(Positive Tilt) (Positive Tilt)

E. G. Thomas New SD Convection Model 6/25/2018



0.0 € Egy < 1.2 mV/m
B,+/B,— B+  B,+/B,+ 1.2 < Egy < 1.6 mV/m
< T 7 < T 7

S0

S

® |nclusion of mid-latitude &
radar data can increase
the total measured cross-
polar cap potential drop
by as much as 40%

Bz-/Bv-

B,—
1.6 < Egy < 2.1 mV/m 2.1 < Egy < 3.0 mV/m
< T 7 < T 7

" Polar radars provide a
smaller contribution to
the total cross-polar cap
potential drop, but
provide an improved
specification of plasma
flows in the deep polar
cap

== High-latitude radars only
=== High- and Polar radars
=== Mid- and High-latitude radars

== All radars

E. G. Thomas New SD Convection Model 6/25/2018
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Effect of polar cap patches on SuperDARN measurements

R. G. Gillies!, G. W. Perry?, R. Varney?, D. M. Gillies?, and E. Donovan?
University of Calgary?, SRI International?

20-Jan-2016 20:28:00
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* HF propagation and resulting coherent scattering behavior is greatly affected by refraction
from high density gradients



RISR data (250-450 km)

SU perDARN Scatter 2016-01-20, 20:28 UT

14:08 LT (@ Resolute)
around polar patch .
Rankin Inlet

* Polar patch observed by RISR-C “o

and RISR-N on 2016-01-20 ¢
* Scatter from Rankin Inlet
(diamonds) and Clyde River
(triangles) SuperDARN radars
received within and around the
patch "
* Scatter always on far edge of patch
from respective radar .
* This behavior occurs when there is g
one isolated patch: v
* Multiple patches passing
through SuperDARN FOVs o
complicates the situation i <o
* Conclusion: detection/localization /~ Clyde gRi%'e(/’
of irregularities using SuperDARN g S 28
HF scatter is complicated by i / 3
propagation conditions / /
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Clyde River Raytraces at 20° elevation

85T
I <400 km altitude
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* Ray traces performed using modelled polar patch based on RISR 5,
measurements from previous slide (density and latitudinal width) e
* Location and bearing of each range gate compared to similar ray traces &
without density gradient
* Bearing offset >6.5° for some beams at farther ranges (i.e., > 2
SuperDARN beams)
* Horizontal distance offset > 225 km for several beams (i.e., > 5

SuperDARN range gates)
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Questions, Discussion
Please add your name to your comment.

Cheryl:What is the limit on spatial and temporal resolution necessary for relevant
processes? How do we define the geoeffectiveness of the fine scale structure?









AGU sessions

SA004: Cross-scaling coupling and energy transfer in the
magnetosphere-ionosphere-thermosphere system
https://agu.confex.com/agu/fm18/prelim.cqi/Session/54439

SA011: Modeling the polar ionosphere: from basic science to operations
https://agu.confex.com/agu/fm18/prelim.cgi/Session/50826



https://agu.confex.com/agu/fm18/prelim.cgi/Session/54439
https://agu.confex.com/agu/fm18/prelim.cgi/Session/50826

