
Magnetospheric energy input and its role in the MIT coupling, Santa Fe, NM, June 2016 

•  Optimization with respect to both magnetic potential and electrostatic potential 
 
•  Realistic prior model error covariance derived large data bases 
 
•  Improved assimilative conductivity mapping 
     (See Mcgranaghan’s poster DATA-04 on Tuesday)  
 
•  EarthCube: Distributable AMIE Py software 
 
•  New multi-resolution needlet basis functions  
    and non-Gaussian inferential framework 
 
 
 
  High-latitude Geospace Data Fusion and Assimilation at 4pm on Thursday 

References: Richmond and Kamide, JGR,1988; Matsuo et al., JGR, 2005; Cousins et al., JGR, 
2013a,2013b; Knipp et al., SW, 2014; Matsuo et al., JGR, 2015; Cousins et al., JGR, 2015a, 
2015b; Mcgranaghan et al., JGR, 2015, 2016; Fan et al., JASA, 2016. 
Supports: NSF-Aeronomy AGS1025089, NSF-Polar PLR1443703, NSF-ICER1541010.  
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AMIE NextGen - extending capabilities for the assimilative 
mapping of ionospheric electrodynamics (AMIE) procedure  
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SuperDARN plasma drifts 
Iridium/AMPERE magnetic fields  
Ground-based magnetic fields 
DMSP auroral particle precipitations 

States 

Observations 

AMIE NextGen 

Solve for polar-cap SH coefficients with Bayesian estimator for Gaussian processes  

Forward Model 

[Cousins et al., 2013, 2015; Matsuo et al., 2015; Mcgranaghan et al., 2016] 

E⃗,Φ,Σ , J⃗∥, J⃗⊥,∆B⃗

[x|y] / [y|x][x]
Bayesian analysis  xa = xb +K(y −Hxb)

Ca = (I−KH)Cb
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north 

south 

Nov 28-30, 2011 
 

N-S asymmetry 
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 Non-Gaussian small-scale random electric fields result in 
 considerably more Joule heating than Gaussian fields  

many large-scale ionospheric parameters [Wygant et al.,
1983; Newell et al., 2007] and another found that 45-min
averages ending 10-min prior to the current observation
was best [Weimer, 2005], several other variability studies
[e.g., Golovchanskaya et al., 2006; Matsuo and Richmond,
2008] use 60-min averages, as we do in this study.
[20] Variability values are also tagged with the instanta-

neous planetary Kp index (related to the maximum deviation
of the geomagnetic field from its quiet time value) and the
instantaneous Auroral Electrojet index AE (a measure of the
deviation of the horizontal component of the geomagnetic
field in the auroral region from its quiet time value). Values
of the geomagnetic indices Kp and AE are obtained from the
National Geophysical Data Center (NGDC) and the World
Data Center for Geomagnetism, Kyoto, respectively. Note
that the magnetometer measurements from which these
indices are derived are all made in the Northern Hemisphere.
[21] Finally, the instantaneous dipole tilt angle is calcu-

lated for all variability measurements. This angle is defined
as the magnitude of the angle between the Earth’s best-fit
magnetic dipole axis and the Geocentric Solar Magneto-
spheric (GSM) y-z plane. The sign is set such that positive
and negative corresponds to sunlit and dark conditions,
respectively, so that the dipole tilt values have opposite signs
in the Northern and Southern hemispheres. The geomagnetic
field model used in the calculation of the tilt angle is the
International Geomagnetic Reference Field (IGRF-11).

3. Results

[22] Using the variability data described in section 2, we
investigate the general distributions of the observed electric
field fluctuations, the scale dependence of the fluctuations as

well as various other dependencies of the average magni-
tudes and distributions of variability. Note that the analysis
in this study is performed using electric field fluctuations
derived from the SuperDARN LOS velocity measurements.
This is possible because in the F-region, V and E are directly
related to each other and by finding the value of the geo-
magnetic field at the locations of the velocity vectors, the
data set can be converted from velocity to electric field
values using the relation E = !V " B. This calculation is
performed using magnetic field values from the IGRF
model. Performing the analysis in terms of velocity or
electric field gives very similar results (other than a scale
factor of #0.5 G in the variability magnitudes). Differences
between the Northern and Southern Hemisphere, however,
tend to be smaller in the electric field data than velocity data
because differences in the magnitude of the geomagnetic
field are taken into account.

3.1. Variability Distributions
[23] An important characteristic of variability is the rela-

tive distribution of fluctuation magnitudes. From the entire
variability data set described in section 2.2, probability
density functions (PDFs) of the electric field fluctuations are
calculated independently for the Northern and Southern
hemispheres for both spatial and temporal variability.
Figures 3a and 3b show normalized PDFs for the Northern
Hemisphere in solid lines, Southern Hemisphere in dashed
lines, with colored lines representing several best-fit stan-
dard distribution functions: exponential, stretched exponen-
tial and Gaussian. The PDFs are only defined over the
domain of the fluctuation data (!60 mV/m to 60 mV/m),
which is set by the 3s conditioning described in section 2.2.
The statistical uncertainty (5th to 95th percentile interval) in

Figure 3. PDFs of (a) spatial and (b) temporal electric field fluctuations in the Northern (solid lines) and
Southern (dashed lines) hemispheres. Colored lines show the best-fit exponential, stretched exponential,
and Gaussian distributions. The coefficients of the best-fit stretched exponential distributions are given
at top left of Figures 3a and 3b. The uncertainty in the PDFs and the difference between Northern and
Southern PDFs are shown for (c) spatial and (d) temporal fluctuations, respectively.

COUSINS AND SHEPHERD: IONOSPHERIC ELECTRIC FIELD VARIABILITY A03317A03317
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[Cousins and Shepherd, 2012 ] 

SuperDARN  
Small-scale E fields 

Needlets (spherical multi-resolution frames) 

(by Minjie Fan) 

Hemispherically 
Integrated JH rate 

Fat Tail 


