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Abstract. The high latitudes are a distinct region of the geospace environment, where strong coupling between the atmosphere,

ionosphere, magnetosphere, and solar wind create distinct regions where different physical processes dominate. Because of this,

modelling and statistical studies of the geospace environment at high latitudes should avoid mixing data measured in different

regions (e.g., the polar cap, the auroral oval, and the sub-auroral regions). This study presents two new sets of poleward and

equatorward Auroral Luminosity Boundaries (ALBs) along with functional definitions that relate these ALBs to the poleward5

and equatorward particle precipitation boundaries that mark the open–closed magnetic field line boundary (OCB) that demar-

cates the transition between the polar cap and auroral oval and the diffuse auroral boundary at the equatorward edge of the

auroral oval. These data sets are obtained from space-based auroral imagers flown on the Thermosphere Ionosphere Meso-

sphere Energetics and Dynamics (TIMED) satellite and the Defense Meteorological Satellite Program (DMSP) constellation,

that observe slices of the auroral oval in both hemispheres. The validation of the derived OCB locations against an independent10

polar cap proxy shows that the ALBs identified at the Lyman-Birge-Hopfield (LBH) Long wavelengths may be used together

with other auroral boundary data sets in scientific studies.

1 Introduction

The high-latitude ionosphere is a region shaped by the strong coupling between the solar wind, magnetosphere, ionosphere,

and neutral atmosphere. One of its major features, the auroral oval, is highly responsive to changes in the Interplanetary15

Magnetic Field (IMF) that is embedded in the solar wind (e.g., Akasofu, 1966; Dungey, 1961). The motion of the poleward

boundary of the auroral oval is coupled to that of the Open-Closed field line Boundary (OCB), which marks the change from

terrestrial magnetic field lines that are connected to the IMF (open field lines) and those that connect back into the planet

(closed field lines) (Cowley and Lockwood, 1992). The Equatorward Auroral Boundary (EAB) maps to the equatorward

edge of the magnetospheric plasma sheet (e.g., Borovsky and Valdivia, 2018; Troyer et al., 2025). Both of these locations20

move in response to changing conditions in the solar wind and magnetosphere, and demarcate distinct physical regimes in the

high-latitude ionosphere and thermosphere (e.g., Decotte et al., 2023; Chisham et al., 2025; Mukhopadhyay et al., 2025, and

references therein).
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Prior studies have established magnetic local time (MLT) dependent relationships between the poleward and equatorward

auroral luminosity boundaries (ALBs) observed in Far Ultraviolet (FUV) wavelengths, and direct observations of the OCB and25

EAB measured by changes in the magnetospheric particle precipitation (Carbary et al., 2003; Longden et al., 2010; Burrell

et al., 2020; Chisham et al., 2022). This study builds on this body of work by providing similar MLT-dependent functions for

the Lyman-Birge-Hopfield (LBH) Long and Short wavelength ALBs identified in images from the Thermosphere Ionosphere

Mesosphere Energetics and Dynamics (TIMED) Global Ultraviolet Imager (GUVI) and the Defense Meteorological Satellite

Program (DMSP) Special Sensor Ultraviolet Spectrographic Imager (SSUSI). The OCB corrections for each instrument and30

wavelength band are validated, allowing comparisons with prior studies.

This article is organised as follows. The imager data sets from TIMED and DMSP that are used in this study are described

in Section 2. The methodology for the derivation of the OCB and EAB boundary corrections, and its implementation, are

presented in Section 3. The validation of the OCB determination is shown in Section 4. The conclusions are presented in

Section 5.35

2 Data

Both the TIMED/GUVI and DMSP/SSUSI instruments scan the satellite’s cross-track from horizon to horizon and measures

auroral emissions in five different spectral bands: HI (121.6 nm), OI (130.4nm), OI (135.6nm), LBH Short (LBHS, 141-

152.8nm), and LBH Long (LBHL, 167.2-181.2nm). (Paxton et al., 2004). For this study, high resolution Level 1C imaging

data files were obtained from the NASA Space Physics Data Facility (SPDF) using pysatNASA (Klenzing et al., 2024) . LBHS40

and LBHL emissions, in particular, are both optically thin and generated by particle impact excitation and may therefore be

used as a visual indicator of auroral particle precipitation. Sections 2.1 and 2.2.1 describe the unique attributes of each imager

as well as the specific datasets used to determine the auroral luminosity boundaries calibrated to the OCB and EAB. The

luminosity geolocation can be calibrated with the energetic particle measurements described in Section 2.2.2 . The luminosity

boundary locations are further validated through comparison against a separate physical mechanism, the convection reversal45

boundary, as described in Section 2.2.3.

2.1 TIMED GUVI

TIMED is a NASA funded satellite mission whose goal is to study the lower portion of the Earth’s upper atmosphere. The

TIMED satellite was launched on 7 Dec 2001, into an orbit with an altitude of 625 km, an inclination of 74.1◦, and a period of

97.3 minutes (Yee et al., 1999). The TIMED GUVI observations used in this study from the start of data collection in 17 Feb50

2002 through 10 Dec 2007.

Poleward and equatorward auroral luminosity boundary locations were obtained for this time period from the LBHS and

LBHL spectral bands using pyIntensityFeatures (Burrell et al., 2025, 2026b). These boundaries may be accessed online (Bur-

rell and Zawdie, 2026). Figure 1 shows the distribution of locations where ALBs were detected for the GUVI LBHL and

LBHS auroral scans in AACGMV2 magnetic coordinates (Shepherd, 2014; Burrell et al., 2018) for the northern and southern55
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Figure 1. The GUVI LBHL (left two columns) and LBHS (right two columns) ALB occurrence for 2002-2007 separated by boundary type

(PALB and EALB) and hemisphere.

hemispheres. The figure shows that the distributions of boundaries for the LBHL and LBHS bands are very similar, with the

Equatorward ALB (EALB) distributions being centred approximately 10◦ equatorward of the Poleward ALB (PALB) distribu-

tions. The northern hemisphere distribution is characterised by a thin band of anomalous measurements around 60◦. This band

has been removed from all further analysis.

2.2 DMSP60

DMSP is a U.S. Department of Defense mission designed to monitor the Earth’s meteorological, oceanographic, and solar-

terrestrial physics environments. The first DMSP satellite was launched in 1962, and there are currently several satellites

operational and in their desired orbits with alpha-numeric designators of F1-F19. These orbits are sun-synchronous, polar

orbits (inclinations > 97◦) with altitudes near 830 km. Each satellite crosses the equatorial plane at a different Solar Local

Time (SLT). The payload onboard each satellite varies, as do their orbits.65

2.2.1 SSUSI

The SSUSI instrument was launched onboard the DMSP F16-F19 satellites. The first SSUSI measurements were obtained

from F16 starting on 30 Oct 2003 and F18 continued to provide observations into 2025. In contrast to GUVI, SSUSI scans

cross-track to the satellite orbit from the horizon opposite to the sun up to the tangent point (Paxton et al., 2002).
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Figure 2. SSUSI ALB occurrence by boundary, wavelength channel, and hemisphere. The northern hemisphere is on the top row and the

southern hemisphere is on the bottom row. LBHL is in the left two columns and LBHS is in the right two columns. The poleward ALBs are

in panels a, c, e, and g, while the equatorward ALBs are in panels b, d, f, and h. In each panel all available DMSP spacecraft are combined.

For this study, the high-resolution Level 1C imaging data files were obtained from NASA SPDF using pysatNASA from 170

Jan 2005 through 31 Dec 2023. As with the GUVI data, the poleward and equatorward ALB locations were obtained for this

time period from the LBHS and LBHL spectral bands using pyIntensityFeatures. These boundaries may be accessed online

(Burrell et al., 2026a). The distribution of these boundaries by spectral band, hemisphere, and boundary type (OCB/EAB) are

shown in Figure 2. To reduce the impact of orbit on the boundaries, the MLT distribution of boundaries in each hemisphere

were examined across 2005-2024 and limits established at MLTs where less than 100 boundaries were observed in the LBHL.75

This reduces the impact of edge effects (quality issues that are less likely to be removed by outlier detection due to their location

at the edge of the image) in the boundary selection. These limits are presented in Table ??.
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Satellite ID Hemisphere Good MLT Range

F16 North 03:15-10:30 and 13:45-22:30

South 13:45-07:45

F17 North 02:45-10:00 and 14:15-21:00

South 14:45-08:15

F18 North 03:35-10:30 and 13:15-22:30

South 13:45-07:45

F19 North 03:45-09:00 and 16:15-21:00

South 16:45-06:15

Table 1. SSUSI MLT selection to reduce the impact of edge effects on boundary selection.

2.2.2 SSJ

The DMSP Special Sensor J (SSJ) 4 and 5 were designed to measure the characteristics of ions and electrons precipitating into

the auroral region and polar cap. This study uses two different sources of DMSP SSJ auroral boundaries: those compiled by80

Newell et al. (2004), which distinguishes between different particle precipitation regions, and the poleward and equatorward

boundaries identified using an automated process by Kilcommons et al. (2017). Both of these data sets directly measure the

EAB and OCB, and so are used as the calibration source for the GUVI and SSUSI ALBs, respectively.

As recommended by Newell et al. (2004), the b1e/b2s (nightside) and deq (dayside) boundaries are used to identify the EAB

and the b6 (nightside) and doc (dayside) boundaries are used to identify the OCB (Newell et al., 1991, 1996). This data set85

is nominally available online CITE, and the dates used in this project cover the GUVI ALBs. Because these measurements

directly provide the OCB and EAB locations and do not have any uncertainties associated with them, their fidelity needs to be

assessed by considering DMSP orbital characteristics (Chisham et al., 2022). Figure 3 shows a comparison of the distribution

of DMSP and GUVI boundaries. The red coned regions mark out the areas where boundary comparisons are utilized in this

study. Here, the derived particle precipitation boundaries may be unreliable due to the orientation of the satellite orbit (e.g.,90

when the orbit is closely aligned with the boundary) (see Chisham et al. (2022) for details). Additionally, boundaries from F16

and F17 are not used as their overall spatial distribution differs significantly from those of the other DMSP spacecraft. This is

to reduce the number of anomalous comparisons in the data set. F18 data were not readily available in this database.

The more recent DMSP boundary estimation process developed by Kilcommons et al. (2017) used updated ephemera to

correct high-latitude geolocation errors and found the edges of the auroral precipitation using a threshold identification process.95

Each boundary location is accompanied by a Figure of Merit (FoM), that specifies the level of confidence in the identification.

These boundaries are available from 2010-2014 (Kilcommons et al., 2019), and are used to calibrate the SSUSI ALBs during

this time period. Following the recommendations of prior research using this data set (Burrell et al., 2020), this study removed

DMSP SSJ OCB and EAB detections with a FoM < 3, as well as those boundaries that fell near the edge of the DMSP orbits

(determined by examining the magnetic local time distributions of boundary detections for each spacecraft and choosing only100
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Figure 3. DMSP OCB and EAB location occurrence by spacecraft and hemisphere (blue) in AACGM co-ordinates. The median GUVI

poleward and equatorward ALB locations are shown in black, with thick bars marking the interquartile range, and thin bars marking the 10

and 90% percentilles. The red wedges enclose the regions where the DMSP Newell boundary estimations are wholly reliable. Boundaries

outside of these regions are removed to reduce the impact of orbit artifacts.
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Figure 4. Northern hemisphere DMSP SSJ boundary occurrence (blue points) and SSUSI LBHS median ALB locations (black dots) for the

poleward (left) and equatorward (right) boundaries for each DMSP spacecraft (labeled for each row).

times with 100 or more boundary detections). These limits are marked by the red cones in Figure 4. This figure also shows

distribution of the high FoM SSJ data along with the median locations of the SSUSI ALBs that were paired to the SSJ data

prior to the orbital selections were made.

In all of these figures (Figure 3 and 4) the intensity of the blue shading denotes areas with more DMSP SSJ boundary

detections, the black dots or solid lines shows the median location of the ALBs, the thick bars mark the upper and lower105

quartiles, and the thin bars mark the extent from the 90th to the 10th percentiles. This shows that in regions where both

boundaries have data the ALB locations are typically better constrained and that the MLT coverage is better in the southern

hemisphere.

2.2.3 SSIES

The DMSP Special Sensor for Ions, Electrons, and Scintillation (SSIES), an ion velocity meter, was flown onboard the DMSP110

satellites F08-F18 (Hall, 2001). Amongst other in situ plasma quantities, the SSIES instruments measure the perpendicular and
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ram ion velocities. This makes it possible to identify the location of the Convection Reversal Boundary (CRB) (Chen et al.,

2015).

For this study, CRBs were derived using the method outlined by Chen et al. (2015). As in prior studies, they are used to val-

idate the OCB corrections applied to the poleward ALBs within an hour of dawn (06:00 MLT) and dusk (18:00 MLT) (Burrell115

et al., 2020; Chisham et al., 2022). The CRB data set was cleaned by removing observations made at times characterised by

low ion density (Chen et al., 2015; Chen and Heelis, 2018) or complex plasma convection. More details about the CRB dataset

can be found in Burrell et al. (2020).

3 Boundary Correction

The process to calculate the boundary calibrations between the poleward ALB and the OCB, as well as between the equatorward120

ALB and the EAB follows the method laid out by Boakes et al. (2008) when determining the relationship between the IMAGE

FUV poleward ALBs and the OCB. It follows four steps:

1. identify the SSUSI and GUVI ALBs,

2. pair the SSUSI and GUVI ALBs with the DMSP SSJ OCB and EAB measurements,

3. determine the typical offset between the ALB and the OCB/EAB locations at a given MLT, and125

4. find a functional fit for the offset variation with MLT for each FUV wavelength band and instrument.

The functional fit may then be applied to the GUVI or SSUSI ALBs. This permits the GUVI and SSUSI boundaries to

be used more easily in combination with other high-latitude boundary data sets and for studies that examine atmosphere-

ionosphere-magnetosphere interactions. In this study, a second order spherical harmonic fit was used, consistent with prior

imager studies (Carbary et al., 2003; Chisham et al., 2022).130

L(λ) =A0 +A1 cos(λ+α1) +B1 sin(λ+β1) +A2 cos2(λ+α2) +B2 sin2(λ+β2) (1)

The first step was accomplished using pyIntensityFeatures, as discussed in Sections 2.1 and 2.2.1. Each of these ALBs,

whose distributions were shown in Figures 1 and 2, have uncertainties related to the quality of the fits used to identify the

boundary locations.

When pairing the DMSP OCB and EAB boundaries from either Newell et al. (2004) or Kilcommons et al. (2017) with the135

GUVI and SSUSI ALBs, respectively, time and longitude/MLT were used to correlate measurements between spacecraft. For

all instruments the boundary detections must have occurred within 10 min of Universal Time (UT) and 15 min of MLT. All

DMSP spacecraft were considered in any combination (for example, SSUSI data from F16 may be paired with SSJ data from

any DMSP spacecraft). The paired boundaries were then differenced, as shown in equation 2.

∆φ= |φALB | − |φSSJ | (2)140
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Figure 5. Poleward (left) and equatorward (right) boundary offset (GUVI - Newell) fits for the SSUSI LBHL (top) and LBHS (bottom).

Medians and interquartile ranges of the offsets are plotted by blue circles and bars, the fit is plotted as dark blue line, and the data availability

is shown as a grey histogram.

In the above equation, φ denotes the magnetic latitude, the ALB subscript indicates the latitude is from the GUVI or SSUSI

poleward or equatorward ALB, and the SSJ subscript indicates that the latitude is from the SSJ OCB or EAB. The absolute

values are necessary to combine the differences from the two hemispheres. The GUVI and SSUSI ∆φwere grouped into 30 min

bins to find the median values. These latitude differences were then fit using Levenberg-Marquardt least-squares minimisation

to identify the coefficients in Equation 1. The medians, upper quartiles, and lower quartiles of these latitude differences are145

plotted in Figures 5 and 6 as markers with bars. The results of the spherical harmonic fits are overplotted using solid lines and

the data availability in each MLT bin is shown as a histogram.

Only medians from half-hourly bins with more than 20 points were used to constrain the fit for GUVI and SSUSI. For the

SSUSI data, all DMSP satellites were combined to achieve the best MLT coverage. This was necessary because the SSUSI

field-of-view is smaller than that of GUVI. However, it is still desirable to have individual instrument corrections for each150

SSUSI imager. To achieve this result given the MLT restrictions, the median difference between the ∆φ measurements for

each SSUSI imager and the spherical harmonic fit shown in Figure 6 was calculated. This difference is applied as an offset, as

illustrated in Figure 7. The final spherical harmonic coefficients for both GUVI and SSUSI are tabulated in Table 2, with the

SSUSI A0 values incorporating the satellite offsets presented in Figure 7.
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Figure 6. Poleward (left) and equatorward (right) boundary offset (SSUSI - SSJ) fits for the SSUSI LBHL (top) and LBHS (bottom). Medians

and interquartile ranges of the offsets are plotted by blue circles and bars, the fit is plotted as dark blue line, and the data availability is shown

as a grey histogram.

Figure 7. Poleward (left) and equatorward (right) boundary offset (SSUSI - SSJ) fits for the SSUSI LBHL (top) and LBHS (bottom). Medians

and interquartile ranges of the offsets are plotted by blue circles and bars, the fits for each DMSP spacecraft are plotted as lines (f16 is in

solid teal, f17 is the dashed light purple, f18 is dot-dashed blue, and f19 is dotted light grey), and the total data availability is shown as a grey

histogram.
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Table 2. Spherical harmonic coefficients for ∆φ

Instrument Channel Boundary A0 A1 α1 B1 β1 A2 α2 B2 β2

GUVI LBHS EAB 0.5833 -1.3184 0.6462 1.0221 -1.0449 0.4660 0.0534 -0.6739 -0.6547

OCB 0.4636 -1.2181 -0.3994 0.6575 -1.8204 0.5426 0.4189 -0.2475 -0.6644

LBHL EAB 0.3136 -0.5196 1.2754 0.8204 -0.8073 0.3215 -0.1361 0.3900 0.4684

OCB -0.2727 -1.7452 -0.6807 -0.6801 0.9749 -0.2810 -1.4526 -1.0674 -0.4985

SSUSI F16 LBHS EAB -0.4297 1.4879 -2.4045 1.5971 -0.6258 0.9536 0.2606 0.3471 1.1466

SSUSI F17 2.0334 1.4879 -2.4045 1.5971 -0.6258 0.9536 0.2606 0.3471 1.1466

SSUSI F18 0.0999 1.4879 -2.4045 1.5971 -0.6258 0.9536 0.2606 0.3471 1.1466

SSUSI F19 -0.4215 1.4879 -2.4045 1.5971 -0.6258 0.9536 0.2606 0.3471 1.1466

SSUSI F16 OCB 0.6026 -0.1638 1.0985 1.1386 -1.7874 0.3829 0.8246 0.2788 0.3755

SSUSI F17 0.9150 -0.1638 1.0985 1.1386 -1.7874 0.3829 0.8246 0.2788 0.3755

SSUSI F18 0.4633 -0.1638 1.0985 1.1386 -1.7874 0.3829 0.8246 0.2788 0.3755

SSUSI F19 0.5523 -0.1638 1.0985 1.1386 -1.7874 0.3829 0.8246 0.2788 0.3755

SSUSI F16 LBHL EAB 0.8471 -1.1343 0.9011 1.1750 -0.5542 0.1354 0.3850 -0.4534 -0.5136

SSUSI F17 -0.5002 -1.1343 0.9011 1.1750 -0.5542 0.1354 0.3850 -0.4534 -0.5136

SSUSI F18 0.8319 -1.1343 0.9011 1.1750 -0.5542 0.1354 0.3850 -0.4534 -0.5136

SSUSI F19 -0.6564 -1.1343 0.9011 1.1750 -0.5542 0.1354 0.3850 -0.4534 -0.5136

SSUSI F16 OCB 0.1762 0.4296 2.5027 0.4913 -1.7602 0.0846 0.3539 -0.0834 -0.3163

SSUSI F17 0.7200 0.4296 2.5027 0.4913 -1.7602 0.0846 0.3539 -0.0834 -0.3163

SSUSI F18 -0.2955 0.4296 2.5027 0.4913 -1.7602 0.0846 0.3539 -0.0834 -0.3163

SSUSI F19 -0.2739 0.4296 2.5027 0.4913 -1.7602 0.0846 0.3539 -0.0834 -0.3163

4 Validation155

The corrected GUVI and SSUSI OCB estimations were validated against the DMSP CRB measurements described in Sec-

tion 2.2.3. As there are 5 years of GUVI data and 10 years of SSUSI data paired with DMSP CRBs, there are significant

differences in the number of pairs available for validation. The estimated OCB locations were paired to CRB locations that

occurred within 10 min UT and 15 min MLT. Both hemispheres and all DMSP spacecraft have been combined, to ensure that

there are enough pairs for meaningful statistics. Figures 8 and 9 show the validation results for the two different LBH channels.160

These validation results provide confidence in both the ALB detection process and the functional descriptions of the offsets

between the ALB and the DMSP particle precipitation boundaries.

The GUVI validation results for both wavelengths are similar, with biases of approximately 1◦ in the median and mean

difference. These biases are larger than those previously found for IMAGE and AMPERE, which are on the order of 0.1◦

(Burrell et al., 2020; Chisham et al., 2022). However, the standard deviation is similar (for LBHS) or lower (for LBHL).165
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Figure 8. Histograms of differences between the DMSP CRB locations from DMSP F13, F15, F16, and F17 and the GUVI OCB for times

within 05:00-07:00 MLT and 17:00-19:00 MLT. The left column shows the results for the LBHL channel and the right column shows the

LBHS channel combining data from the northern and southern hemisphere.
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Figure 9. Histograms of differences between the DMSP CRB locations from DMSP F13, F15, F16, F17, and F18 and the DMSP SSUSI

OCB from F16, F17, F18, and F19 for times within 05:00-07:00 MLT and 17:00-19:00 MLT. The left column shows the results for the LBHL

channel and the right column shows the LBHS channel combining data from the northern and southern hemisphere.
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The SSUSI validation results are significantly better for LBHL than for LBHS. The SSUSI LBHL median and standard

deviation are the same order of magnitude as those for IMAGE and AMPERE, though the mean is slightly larger. The SSUSI

LBHS results are similar to the GUVI LBHS results.

5 Conclusions

This study presents poleward and equatorward auroral luminosity boundary estimates from the TIMED GUVI and DMSP170

SSUSI FUV instruments at two wavelength bands: Lyman-Birge-Hopfield Short and Long. A functional relationship between

the poleward ALB and the OCB is established, as well as between the equatorward ALB and the EAB. While the TIMED GUVI

field-of-view was large enough to establish these relationships independently, the DMSP SSUSI observations were combined

for the four different satellites to provide the greatest possible MLT coverage. Individual offsets between the SSUSI ALBs and

the OCB/EAB were then calculated for each satellite, which showed differences of about half a degree.175

The performance of the OCB estimation was validated against an independent proxy, the convection reversal boundary. The

validation shows that both the GUVI and SSUSI fits perform better in the LBHL wavelength channel than in the LBHS channel.

However, the difference is small enough that both are suitable for research.

Modelling and statistical studies of the atmosphere-ionosphere-magnetosphere system at high latitudes should avoid mixing

data from inside the polar cap, the auroral oval, and the sub-auroral region. Each of these areas are characterised by distinct180

coupling processes and mixing data from the different regions will contaminate scientific studies that look into long-term

behaviour or examine connections between the different spheres within the geospace system (Chisham, 2017; Chisham et al.,

2025). While the MLT coverage of the GUVI and SSUSI data sets are not large enough on their own to provide a full set of

hemispheric boundaries, they may be used to aid more focused studies. They could also be used to adjust assimilative models

of the OCB or EAB.185
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