
pyIntensityFeatures https://github.com/aburrell/pyIntensityFeatures

Identify features, such as 
auroral luminosity 
boundaries, in imager data

(1) Provide slice with aurora (2) Get gridded mean intensity
(3) Initialize fitting for multi-peaked 
Gaussian with quadratic background 

(4) Identify best boundaries

(5) Remove outliers (6) Boundaries!



OCBpy: https://github.com/aburrell/ocbpy

Convert between geodetic or magnetic and adaptive, 
polar boundary coordinates

Provides Observed Boundaries 
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represent electron aurora), is shifted significantly toward dawn (by ∼5°–7°). This anomalous shift in the mapped 
SI13 auroral position persists throughout this orbit.

Boundaries determined from data in the orbits in the Longden data base that are affected by this anomalous 
mapping have been removed from the new PALB and EALB data sets. This issue resulted in the removal of ∼2% 
of the data base, predominantly SI12 and SI13 data. It is possible that future analysis may provide the opportunity 
to correct this mapping problem and for these intervals to be included in future versions of the IMAGE FUV 
boundary data.

4.2. PALB
A summary of the new PALB data base is presented in Figure 3. The black solid line shows the variation with 
MLT of the median PALB latitude for each imager: (a) SI12, (b) SI13, and (c) WIC. The thick error bars at each 
MLT show the latitude range from the lower to the upper quartile of the measured PALB latitudes, whereas the 
thinner bars show the latitude range from the 10%–90% percentiles. Although the variations for the three imagers 
are similar, there are subtle differences in the median latitudes of the different boundaries (as discussed above), 

Figure 2. Auroral images measured by the IMAGE FUV imagers at 06:52 UT on 30 September 2000 (day 274), from (a) the SI12 imager, (b) the SI13 imager, and (c) 
the WIC imager. The yellow squares indicate the locations of the Poleward Auroral Luminosity Boundaries (PALBs) and Equatorward Auroral Luminosity Boundaries 
(EALBs) determined using the original Longden methodology.

Figure 3. Statistics of Poleward Auroral Luminosity Boundaries (PALB) locations identified in data from the IMAGE 
FUV imagers (a) SI12, (b) SI13, and (c) Wideband Imaging Camera (WIC), in AACGM and Magnetic Local Time (MLT) 
co-ordinates. The solid black line describes the MLT variation of the median PALB latitude. The thick black error bars 
present the quartile latitude variation at each MLT. The thin black error bars at each MLT present the extent of the distribution 
from the 10%–90% percentile. The orange histograms present the number of PALB observations in each MLT sector.
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Figure 1. (a) An example AMPERE current map from
01:40 UT, 10 April 2011, on a magnetic latitude and local
time grid, with 12 magnetic local time (MLT) at the top.
Red and blue indicate upward and downward FACs,
between ±1 μA m−2, respectively. The cross displaced
toward midnight from the geomagnetic pole is the
assumed centroid of the region 1/2 current system. The
black circle of radius Λfit is fitted (see below) for
normalization purposes. (b) The summed currents
around the circumferences of circles of radii Λ, centered
on the cross in Figure 1a. Positive/negative bipolar
signatures are identified (open circles), and the zero
crossings (closed circles) are found. The largest bipolar
signature is identified with the R1/R2 current system,
and the radius of the corresponding zero crossing, Λfit, is
used for normalization. (c) The normalized current map,
centered on the geomagnetic pole and stretched to a
normalization radius of 20∘, is indicated by the
black circle.

antisunward flow, correlated with the BZ component
of the IMF, and a mode which introduced a dawn-dusk
asymmetry in the flows, correlated with IMF BY . Cousins
et al. [2015] performed PCA on AMPERE current maps
and found two dominant components related to IMF
BZ and BY , the FAC counterparts of the convection
modes of Kim et al. [2012], and a third related to expan-
sions and contractions of the polar cap.

In this paper we perform PCA on AMPERE current
maps that have been preprocessed to remove vari-
ations in the radius and center of the current ovals
(related to the ECPC), so as to reduce smearing and to
better resolve small-scale features in the patterns. We
then investigate the response of the principal compo-
nents to solar wind parameters and the occurrence of
substorms.

2. Observations and Discussion

This study employs AMPERE observations of the
Birkeland currents from the Northern Hemisphere only.
Each AMPERE map covers the region poleward of 50∘
geomagnetic colatitude, on a 24 × 50 grid in mag-
netic local time and colatitude, centered on the north-
ern or southern geomagnetic pole. Although AMPERE
provides current maps with 2 min cadence, these are
produced by a sliding 10 min average of the Iridium
observations, so 144 independent maps are available
per day. An example map is shown in Figure 1a. The
region 1 and 2 (R1/R2) current system is clearly visible
as upward/downward (red/blue) currents near a lati-
tude of 70∘. The polarity of the currents is opposite in
the dawn and dusk sectors.

The size of the FAC pattern changes continuously due
to expansions and contractions of the polar cap [Milan
et al., 2003, 2007; Clausen et al., 2012]. Before under-
taking PCA, we normalize the current patterns to a
consistent size to remove this effect. Using a technique
similar to that described in Milan [2009], we assume
that the R1/R2 current regions are approximately
circles centered on a point displaced a few degrees
antisunward from the geomagnetic pole. For instance,
in Figure 1a it is assumed that the center of the current
systems (marked by a cross) is offset by 3∘ of latitude,
Λ0, along the midnight meridian.

We determine the current strength integrated around
circles of differing radii, centered on this point. Con-
sider a circle of radius Λ. We find the mean of the

current density, j, at 48 equally spaced points around the circumference of the circle, first multiplying currents
in the dusk sector (12–24 MLT) by−1. In this way, if the circle coincides with region 1 currents, a positive value
is measured, and a negative value is measured if the circle coincides with region 2 currents. The variation of this
sum, Σj, with Λ is shown in Figure 1b, clearly showing a bipolar signature associated with the R1/R2 currents.

The largest bipolar signature in Σj is identified, and the latitude of the zero crossing, Λfit, is used as the bound-
ary between R1 and R2 currents. This procedure is repeated with values of Λ0 between 0∘ and 5∘, and the
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each pair with one region on either side of the highest latitude (either side of the magnetic pole). In this case
the only pairs that were considered are (1, 3), scoring 2.71, and (0, 3), scoring 3.87. Region 2 was disqualified
from consideration because it was too short (<30 seconds of data). Thus, (0, 3) wins, meaning 0 and 3 are
designated the dawn-and-duskside auroral crossings, and the poleward and equatorward edges of each
are the boundaries for this pass. The auroral boundary algorithm is run on all days of data in the SSM data
set as part of the creation process and is included in the SSM CDF files as the variable “AURORAL_REGION.”
AURORAL_REGION has a value for each SSM observation and is categorical, with 0 indicating no boundary
determined for that pass, 1 indicating the spacecraft was subauroral, 2 indicating the auroral zone, and 3,

Figure 2. Example Southern Hemisphere boundary identification from DMSP F16 on 29 May 2010. This figure shows the
DMSP SSJ electron precipitation data from one southern polar region crossing. (a) The electron energy spectrogram with
the channel energy of the 19 DMSP SSJ channels on the y axis and time on the x axis. (b) The electron energy flux, inte-
grated over all of the channels with center energies>1 keV, and the grey horizontal line shows our threshold for boundary
detection. There are four auroral region candidates shown shaded in green and labeled 0–3. The final boundary determi-
nation bounds the pair of auroral region candidates found to produce the highest FOM (0 and 3) and is shown as thick
vertical lines, with the codes EQ for equatorward boundaries and PO for poleward boundaries. Metrics about the boundary
identification (the inputs to the score/figure of merit equation (3) and the resulting FOM) are shown in the figure title.
(c) The uncertainty in total electron energy flux σJE, which is summed across regionm to produce σAm, which is considered
in the FOM. (d and e) The spacecraft location as Apex magnetic latitude and magnetic local time.
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ApexPy: https://github.com/aburrell/apexpy

Convert between geodetic and modified apex or 
quasi-dipole apex magnetic coordinates

• Python wrapper for the Apex fortran library (Emmert et al., 2010)
- Converts between geodetic, modified apex, and quasi-dipole coordinates
- Obtains the modified apex and quasi-dipole base vectors (Richmond, 1995)
- Uses the geodetic system WGS-84
- Also calculates magnetic local time, magnetic inclination, converts between 

geocentric and geodetic latitudes, and finds the subsolar location
• ApexPy requires a local FORTRAN compiler, which needs to be installed 

and useable before attempting installation



aacgmv2: https://github.com/aburrell/aacgmv2

Convert between geodetic, geocentric, and 
altitude-adjusted corrected geomagnetic 
magnetic coordinates
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Figure 5. Error maps identical to Figures 2b and 2d but using the new AACGM coefficients, and the color scale range is 0–10 km.

Overall, the new AACGM coefficients show a significant improvement over the existing coefficients. Errors
are 1–2 orders of magnitude lower and limited to less than ∼1 km over the region of interest. A potential
drawback associated with the new coefficients is that they are undefined in the so-called forbidden region
and therefore do not provide a continuous solution throughout this region. It is worth repeating that
the intent of this work is to provide a set of approximating functions (AACGM coefficients) that represent
AACGM coordinates to a high degree of accuracy.

5. Altitude Dependence

Attention is now turned to the altitude dependence of the AACGM coordinates. As described in section 2
the procedure for determining AACGM coefficients at the surface of the Earth (0 km altitude) is repeated at
multiple reference altitudes in order to obtain a set of coefficients that are then either interpolated or fit to a
polynomial function in altitude.

Figure 7 shows the Cartesian AACGM coordinates obtained from both sets of coefficients (old and new) at
an altitude of 2000 km for the prime meridian and in the same format as Figures 3 and 4. Here, both sets of

Figure 6. Distribution of errors in AACGM coordinates using the existing and new AACGM coefficients from Figures 2
and 5. Errors are binned on a logarithmic scale. Blue and red colors represent the existing and new coefficients, respec-
tively. Solid histograms represent data for the year 2000. Average errors are indicated at the top of the figure by small
vertical lines.
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Shepherd 2014, Figure 5b

• Python wrapper for the AACGM-V2 library (Shepherd, 2014)
- Converts between geodetic/centric locations and magnetic latitude, 

longitude, and local time
- Designed to be used at high altitudes in the ionosphere

§ Tracing can be done into lower magnetospheric altitudes
§ Is undefined at some regions near the magnetic equator

- Also calculates dipole title, subsolar point, and converts between 
geocentric and geodetic latitudes

• AACGMV2 wraps C-code, and so requires a compiler before installation
• AACGMV2 uses environment variables to find important files

- The Python package will use existing environment variables of the same name
- If they don’t exist, the Python code will set them (may be an issue in Powershell)

• Includes pre-IGRF magnetic coordinates (starting in 1590 C.E.)





magcoordmap

• Automatically add a grid of Apex magnetic 
coordinates to a cartopy map
• Uses cartopy’s gridline interface to set 

grid lines and adjust them manually
• Gridline properties can be adjusted with 

cartopy keywords
Contact: Leslie Lamarche – leslie.lamarche@sri.com

GitHub: https://github.com/ljlamarche/magcoordmap

PyPI: https://pypi.org/project/magcoordmap/
Funding Support: NSF Grant 2027300, NSF Grant 2329981, NASA 
Grant 80NSSC21K0458, NASA Grant 80NSSC21K1354, NASA Grant 
80NSSC21K1318

mailto:leslie.lamarche@sri.com
https://github.com/ljlamarche/magcoordmap
https://pypi.org/project/magcoordmap/


amisrsynthdata
• Create synthetic data files for the 

Advanced Modular Incoherent 
Scatter Radars (AMISRs)
• Specify both radar configuration 

and ionospheric state
• Generating “truth” reference data 

and determining what certain 
phenomena would look like in 
AMISR data

Contact: Leslie Lamarche - 
leslie.lamarche@sri.com
GitHub: 
https://github.com/amisr/amisrsynthdata
PyPI: 
https://pypi.org/project/amisrsynthdata/
Funding Support: NSF Grant 2329981, 
NASA Grant 80NSSC21K0458

mailto:leslie.lamarche@sri.com
https://github.com/amisr/amisrsynthdata
https://pypi.org/project/amisrsynthdata/

