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What is the result of using RCME auroral 
fluxes in the TIEGCM for the 17 March 
2013 storm?

• Kp- and MLT-parameterized electron 
scattering due to whistler chorus [Orlova and 
Shprits, 2014] & plasmaspheric hiss [Orlova et 
al., 2014]

• RCM-E trapped and precipitating electron 
fluxes agree fairly well with in-situ observ-
ations for 10 August 2000 storm [Chen et al., 
2015] and this storm.

RCM-E:
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TIEGCM temperature difference between results with RCME 
auroral inputs and model default values at 250 km

Cooling: Greater RCME CE 
gives heating deeper in the 
atmosphere where heat 
capacity is greater
Heating: Intense morning-side 
antcyclonic gyre gives heating 
via dynamical adjustment of 
mass field to winds 
[Walterscheid and Crowley, 
2015]

12 00 MLT

TIEGCM Kp Dependent 
Defaults RCME

Nightside Dayside Nightside Dayside
Flux (erg cm2 s1) 15.3 4.2 5.56 3.62

CE (keV) 2.0 1.5 7.84 9.76
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• Density versus time for 
GOCE and RCME-TIEGCM 
at  250 km during 17 March 
2013  storm

• Shows good agreement on 
dawn side and reasonable 
agreement on dusk side

RCME-TIEGCM density predictions vs. GOCE observations

Gravity Field and Steady-State Ocean Circulation Explorer
(GOCE) data produced by ESA and provided by Dr.  Eric Sutton, AFRL
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Comparison of In-track Residual Errors
(6-day fit of TLE)



6

Backup up Slides
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Comparison of RCM-E and MagEIS Electron Fluxes

Van Allen Probe B 
apogee at 5.8 RE
and perigee at 1.1 
RE

Reasonably good 
agreement 
between RCM-E & 
MagEIS electron 
fluxes with Orlova
et al. [2014] 
electron losses
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Precipitating Electron Energy Flux, ergs/cm2

Pre-storm

Characteristic Energy, keV

Pre-storm (03:00 UT) Stormtime (21:00 UT)

Use RCM-E
precipitating 
electron number 
flux and 
characteristic 
energy to specify 
auroral heating 
input to pre-storm 
and stormtime
TIEGCM runs.

500 km

500 km
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the outer radiation belt. The presence of this additional
source in the storm recovery has also been inferred from the
innovation vector of Kalman filter analyses [Shprits et al.,
2007]. Radial diffusion interior to the peak can still lead
to electron acceleration [Selesnick and Blake, 1997; Chu
et al., 2010], but outward radial diffusion exterior to the
peak leads to de‐energization and ultimate loss to the mag-
netopause [Shprits et al., 2006b].

3. Chorus Emissions

[6] Chorus emissions are discrete coherent whistler mode
waves, which occur in two distinct bands above and below
one‐half the electron gyrofrequency fce [Tsurutani and Smith,
1974]. Chorus is important since it plays a dual role in both
the loss and local acceleration of radiation belt electrons
[Bortnik and Thorne, 2007] and is the dominant scattering
process leading to diffuse auroral precipitation [Ni et al.,
2008; Nishimura et al., 2010; Thorne et al., 2010].

3.1. Properties of Chorus and Global Distribution
[7] A statistical analysis of the global distribution of chorus

observed on the THEMIS spacecraft indicates that the spec-
tral intensity is highly variable and responds to geomagnetic
activity [Li et al., 2009a]. Chorus is enhanced over a broad
spatial region [Hayosh et al., 2010] exterior to the plasma-
pause (Figure 1) associated with cyclotron resonant excita-
tion during the convective injection of plasma sheet electrons
into the magnetosphere [Li et al., 2008, 2009b]. Nightside
chorus is strongest inside L = 8, and is also confined to lati-
tudes below 150, due to strong Landau damping of oblique
waves during their propagation towards higher latitude from
the equatorial source region [Bortnik et al., 2007]. In con-
trast, dayside chorus is found over a broad range of latitudes,
is most intense in the outer (L ∼ 8) magnetosphere, and
shows less dependence on geomagnetic activity [Tsurutani
and Smith, 1977; Li et al., 2009a]. The wave normal dis-
tribution of chorus is required to accurately evaluate reso-
nant electron energies and quantify the associated rates of

scattering [Shprits and Ni, 2009]. Unfortunately, recent
satellite observations [Chum et al., 2007; Breneman et al.,
2009; Santolík et al., 2009; Haque et al., 2010] indicate a
wide range of values for this key property, which adds
uncertainty to modeling studies.

3.2. Chorus Excitation Mechanisms
[8] Chorus is excited during cyclotron resonant interaction

with plasma sheet electrons that are injected into the inner
magnetosphere during enhanced convection [Hwang et al.,
2007]. Simulation of the linear phase of excitation of night-
side chorus observed on CRRES and THEMIS, using mea-
sured injected electron distribution, yields a path‐integrated
gain well in excess of 100 db [Li et al., 2008, 2009b], which
is sufficient to drive the wave amplitudes to non‐linear levels.
The non‐linear growth and saturation of parallel propagating
chorus has been simulated by Katoh and Omura [2007] and
Omura et al. [2008]. Simulation of the convective injection
of anisotropic plasma sheet electrons into the inner mag-
netosphere during a magnetic storm with the coupled RCM
and RAM codes has been used to evaluate the global dis-
tribution of excited chorus emissions [Jordanova et al., 2010].
The results of this modeling agree well with the statis-
tical distribution obtained from satellite observations on the
nightside [Li et al., 2009a]. However, understanding dayside
chorus excitation remains problematic [Tsurutani et al.,
2009; Santolík et al., 2010; Spasojevic and Inan, 2010],
since the waves often occur under relatively quiet geomag-
netic conditions, when the resonant electron flux is low [Li
et al., 2010].

3.3. Role of Chorus in Scattering Loss of Radiation Belt
Electrons
[9] Pitch‐angle scattering during cyclotron and Landau

resonance with chorus emissions provides a major mecha-
nism for diffusive transport towards the loss cone and ulti-
mate loss by collisions in the atmosphere for a broad range
of electron energies [Lam et al., 2010; Hikishima et al.,
2009, 2010; Orlova and Shprits, 2010]. Corresponding elec-
tron lifetimes, which are primarily controlled by scattering
rates near the edge of the loss cone [Shprits et al., 2006c,
2006d], range from values near the minimum lifetime asso-
ciated with strong diffusion (∼an hour) at energies below
10 keV [Ni et al., 2008] to values comparable to a day at
MeV energies [Thorne et al., 2005].

3.4. Role of Chorus in Local Stochastic Acceleration
[10] Chorus emissions also provide an efficient mecha-

nism for energy transfer between the injected low‐energy
(few keV) electron population, which generates the waves,
and the trapped high energy radiation belt electrons by the
process of energy diffusion [Horne and Thorne, 2003].
Calculations of quasi‐linear energy diffusion rates demon-
strate that outer zone electrons can be accelerated to rela-
tivistic energies on timescale comparable to a day [Albert,
2005; Horne et al., 2005a]. Simulations of specific storm
events has demonstrated that energy diffusion by chorus
can account for electron flux enhancement in the outer radi-
ation belt in association with sustained geomagnetic activity
[Tsurutani et al., 2006] during the storm recovery [Horne
et al., 2005b; Shprits et al., 2006a] and for the refilling of
the electron slot between the inner and outer radiation belts
during a storm [Thorne et al., 2007]. Furthermore, despite

Figure 1. Schematic illustration of the spatial distribution
of important waves in the inner magnetosphere, in relation
to the plasmasphere and the drift‐paths of ring‐current
(10–100 keV) electrons and ions and relativistic (≥0.3 MeV)
electrons.
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(1) Strong pitch-angle scattering  [Schulz, 1974]

(2) Kp- and MLT-parameterized scattering
due to whistler chorus [Orlova and Shprits,           
2014] and plasmaspheric hiss [Orlova et
al., 2014]

Fitted quasi-linear p. a. diffusion coefficients 
calculated using statistical wave properties 
from CRRES & Polar to functions.From Thorne [GRL, 2010]

• Computes bounce-averaged guiding center drift of isotropic ions and electrons 
[Toffoletto et al., 2002]

• Electric field & magnetic field are self-consistent with the plasma [Lemon et al., 2003].
• Includes a simple plasmasphere model based on simulated electron density

RCM-E (Aerospace’s Version)

Electron loss models:
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Simple Plasmasphere Model:

We include a cold electron energy   
channel in the RCM-E.

Initial plasmasphere density is specified 
by Berube et al. [2005]. 

Initial plasmapause location is specified 
by Moldwin et al. [2002].  

Mean plasmasphere refilling rate for solar 
maximum, in units of cm-3/day (eq. 16 of 
Denton et al. [2012])

log10(dne,eq/dt) = 3.01 – 0.322 L Inside plasmasphere: ne > 100/cc

Plasmapause region: 10/cc < ne < 100/cc

Outside plasmasphere: ne < 10/cc


