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Thermosphere-Ionosphere-Electrodynamics General 
Circulation Model (TIE-GCM) Simulations
- We perform an ensemble (10 members) of simulations of the April 2010 
geomagnetic storm in TIE-GCM

- Ensemble is generated by perturbing the AMIE high latitude potential in order to 
determine how uncertainty in the high latitude electric field is transferred to the low-
mid latitude ionosphere

• Additional simulations (not shown) perturbed aurora energy flux, and used high/low mean energy

board the CHAMP and GRACE
spacecraft but with much improved
stability and accuracy [Floberghagen
et al., 2011]. The GOCE accelerometers
provided high-quality measurements
of in-track neutral mass density
[Doornbos et al., 2014; Bruinsma et al.,
2014] and cross-track neutral winds.

The ActiveMagnetosphere and Planetary
Electrodynamics Response Experiment
(AMPERE) experiment [Anderson et al.,
2014] uses magnetic field data from the
Iridium Communications satellite
constellation. The constellation consists
of more than 66 polar-orbiting satellites
in circular polar orbits with 780 km
altitude and 86° inclination, configured
in six orbit planes equally spaced in
longitude. There are 11 satellites in each
orbit plane, not including on-orbit
spares, distributed evenly along each
orbit. Data are processed in the
AMPERE Science Data Center to derive
perturbations dominated by Birkeland
current signals. In this study, the 19.4 s
resolution AMPERE data, corresponding

to a latitudinal resolution of about 1.3°, were used as one of the inputs to the assimilative mapping of
ionospheric electrodynamics (AMIE) procedure.

The AMIE data assimilation algorithm was first developed at NCAR in 1988 [Richmond and Kamide, 1988] and
has since undergone continuous improvement in spatial resolution and its ability to ingest new types of data
[e.g., Lu et al., 1998, 2001a]. The objective of the AMIE procedure is to obtain optimal estimates of high-
latitude ionospheric electrodynamic fields by combining various direct and indirect observations of these
fields. Along with the ionospheric convection patterns, distributions of height-integrated ionospheric
horizontal currents, field-aligned currents at the top of the ionosphere, auroral energy flux and characteristic
energy, and Joule heating are also by-products of AMIE. For this particular event, the data input to AMIE
includes magnetic field measurements from AMPERE, ion drifts from the DMSP satellites (e.g., F15-18), and
the SuperDARN radar network in both hemispheres, precipitating auroral electron fluxes from DMSP and
ground magnetic perturbations from 203 magnetometer stations worldwide.

The TIMEGCM [Roble and Ridley, 1994; Roble, 1995] is a global model of the mesosphere-thermosphere-
ionosphere system, extending from ~30 km to 500–800 km altitude (depending on solar activity). The model
incorporates aeronomical, dynamical, and electrodynamical processes appropriate for these regions. The
lower boundary of the TIMEGCM is specified by climatological tides based on the Global Scale Wave
Model (GSWM-02) [Hagan and Forbes, 2002, 2003]. In addition, the 24 h averaged values of temperature,
zonal and meridional winds, and geopotential height at 10 hPa (~30 km) from the European Centre for
Medium-range Weather Forecasts reanalysis are used to represent other longer-period dynamical forcing
generated below the TIMEGCM lower boundary. The upper boundary inputs to the model include the solar
UV and EUV fluxes as parameterized based on the F10.7 index together with auroral particle precipitation
and plasma drifts derived fromAMIE. For this study we used the high-resolution version of the TIMEGCM, which
has a horizontal resolution of 2.5°× 2.5° in latitude and longitude and a vertical resolution of four grid points
per scale height with a total of 97 pressure levels. The high-resolution simulation adequately resolves the
upward propagating waves and tides as well as the horizontally propagating ionospheric/thermospheric
disturbances. The model time step is 1min, and the model outputs are saved at a 10 min cadence.

Figure 1. Distributions of (a) ACE solar wind bulk speed, (b) the IMF By and
Bz components in GSM coordinates, (c) the 1 min Dst index derived from
53 midlatitude and low-latitude stations in black, and the standard Dst in
red, (d) the 1 min AE index derived from 88 auroral stations, and (e) the
5 min polar cap potential drop in the Northern Hemisphere on 5 April 2010.
A time shift of 32 min has been applied to the ACE data to account for the
solar wind propagation from its upstream location to the Earth. The time
resolution is 64 s for the ACE solar wind data and 16 s for the ACE mag-
netometer data.
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AMIE Electric Field Variability

(Matsuo et al., 2003)
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study. This is the same set of basis functions used in the
empirical orthogonal function (EOF) analysis of DE-2
electric field data by Matsuo et al. [2002]. The results
are insensitive to a particular choice of the basis functions.
The basis functions {Xk| k = 1 ! 50} at locations j, which
form the columns of matrix X in equation (6) are thus
given by
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where
!
lj denotes an unit vector in the direction of the jth

electric field observation and
!
Ej(qj, fj) is a basis function for

the electric field defined by Richmond and Kamide [1988],

which are related to the basis functions !i for electric
potential by

!
Ei = %r!i. The expression for !i was given

as equation (39) by Richmond and Kamide [1988], which
was constructed by combining generalized associated
Legendre functions at high latitudes with suitable extensions
to lower latitudes.

4. Results
4.1. Electric Field Variability

4.1.1. IMF Clock Angle (imf_angle)
[19] The dependence of sm on the four imf_angle param-

eters (see Table 1) is shown in Figure 1, with the IMF
northward case plotted at the top and with the rest of the
cases plotted progressively clockwise. The maximum value

Figure 1. The dependence of the standard deviation sm on the IMF clock angle (imf_angle).
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Multiple Linear Regression
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𝛥NmF2 (O/N2+U||+Wi), 14UT 𝛥NmF2 (O/N2+U||+Wi) 𝜎, 14UT 𝛥NmF2 (O/N2), 14UT 𝛥NmF2 (O/N2) 𝜎, 14UT

𝛥NmF2 (Wi) 𝜎, 14UT𝛥NmF2 (U||) 𝜎, 14UT 𝛥NmF2 (Wi), 14UT𝛥NmF2 (U||), 14UT

ΔNmF2(t) = a • ΔO/N2(t) + b • ΔU||(t) + c • Δwi (t-1) 



Summary
TIEGCM/AMIE simulations were performed to understand the impact of high latitude
forcing uncertainty on the low-mid latitude ionosphere.

Ensemble of AMIE simulations reveals that high latitude forcing uncertainty is transmitted to
the low-mid latitude ionosphere during a geomagnetic storm.

Multiple linear regression may provide insight into the source of the ionosphere 
uncertainty. Analysis of the results is ongoing. 

Perturbing the aurora energy flux leads to significantly less ionosphere variability
compared to perturbing the potential.

F-region ionosphere variability is greater for constant low aurora mean energy
compared to constant high aurora mean energy.

Results will be compared with complementary WACCM-X simulations that examine
forcing uncertainty from the lower atmosphere for fixed high latitude forcing. 


