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Abstract16

The location of the polar cap boundary is typically determined using low-orbit satellite17

measurements in which the boundary is identified by its unique signature of a sharp de-18

crease in energy and particle flux poleward of the auroral oval. In principle, this decrease in19

precipitating particles should appear as a concomitant sharp change in auroral luminosity.20

Based on a few events, Blanchard et al. (1995) suggested that a dramatic gradient in redline21

aurora may also be an indicator of the polar cap boundary. In recent years, advances in22

capabilities and the deployment of ground-based all-sky imagers have ushered in a new era23

of auroral measurements. Auroral imaging has moved well beyond the capabilities of the24

instrumentation in the previous study in terms of both spatial and temporal resolution.25

We now have access to decades of optical data from arrays spanning a huge spatial range,26

enabling a fresh examination of the relationship between redline aurora, particle precipita-27

tion, and the polar cap open closed boundary. In this study, we use data from the DMSP28

satellites in conjunction with the University of Calgary’s REGO (630.0nm) data to assess29

the viability of automated detection of the 2-dimensional polar cap boundary. Our results30

exhibit good agreement between the optical and particle polar cap boundary and suggest31

that a luminosity in redline emission could serve as a reasonable proxy for the location of32

the the electron poleward boundary during, while providing both high temporal and spatial33

resolution maps of the open-closed boundary.34

Plain Language Summary35

Named for its shape, the auroral oval is an oval-shaped region located near the north and36

south poles where the aurora is formed. Studying the location of the equatorward and37

poleward limits of the auroral oval is fundamental to evaluating the dynamics and responses38

of the near-Earth space environment. In particular, the poleward boundary corresponds39

to a region in which Earth’s magnetic field transitions from closed (connected to Earth)40

to open field lines (connected to the solar wind); because of this topological change in41

magnetic field, the location of this boundary is fundamental to understand mass and energy42

transport in the whole magnetosphere-ionosphere system. While satellite data can determine43

the exact location of this boundary, they only provide point measurements. Auroral images44

are capable of detecting the luminosity around this boundary; however, many qualitative45

studies consider the region immediately poleward of this luminosity as the oval’s poleward46

boundary. In this paper, we analyze the location of this boundary in a case study by using47

satellite data combined with auroral imaging data.48
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1 Introduction49

The polar cap boundary corresponds to the region in which the Earth’s magnetic field50

transitions from closed magnetic field lines connected to Earth, to open magnetic field lines51

that are connected to the solar wind. The location of the polar cap boundary reflects the52

amount of open magnetic flux in the polar cap. As the open magnetic flux increases or53

decreases, it can undergo poleward and equatorward motion in response to this change.54

This motion can be used as an indicator of the storage and release of magnetic energy55

within the magnetotail (Siscoe & Huang, 1985).56

As described by Dungey (1961), when the solar wind Interplanetary Magnetic Field57

(IMF) has a southward component, reconnection takes place between the IMF and closed58

terrestrial field lines on the dayside magnetopause. This causes closed magnetospheric flux to59

become open to the solar wind. As one end of open magnetic field lines are connected to the60

solar wind flowing antisunward, they become swept into the magnetotail and represent stored61

magnetic energy. The accumulation of this open flux in the magnetosphere results directly62

in an increase of the area of the polar cap. This increase in polar cap size, produced by the63

ongoing dayside magnetic reconnection, is part of the substorm growth phase. Subsequently,64

the closure of open magnetic flux and release of stored magnetic energy through reconnection65

in the magnetotail that occurs during the substorm expansion phase causes a decrease in66

the polar cap area. Newly-closed field lines return to the dayside. Down-tail of the nightside67

reconnection site, field lines are once again reconnect and return to the IMF. The cycle of68

magnetic field lines from closed to open to closed again, which results from day-and nightside69

reconnection, is known as magnetospheric convection, or the Dungey cycle (e.g., Milan et70

al. (2003, 2021)).71

In this cycle, reconnection rates are controlled by the IMF orientation upstream of the72

Earth on the dayside and by conditions in the magnetotail on the nightside. A knowledge,73

then, of temporal variations in polar cap area permits quantification of these reconnection74

rates that take place in regions that are currently difficult to monitor routinely with in75

situ observations. The reconnection-driven motion in the magnetosphere also imparts mo-76

mentum to Earth’s ionosophere. The magnetospheric convection cycle leads to ionospheric77

plasma drift in the two-cell convection pattern, with antisunward flow across the polar cap78

(open field lines) and return flow at lower latitudes (closed field lines). This ionospheric79

convection, when combined with a knowledge of the location of the polar cap boundary, can80

also be used to quantify the rate of reconnection.81

Opposite to southward IMF conditions, when the IMF has a northward component82

“high-latitude reconnection” can take place with pre-existing open field lines in the magne-83

tospheric lobes. Depending on whether individual solar wind magnetic field lines reconnect84

with both northern and southern lobes or reconnect with only one, it is thought that open85

magnetic flux can be closed or the amount of open flux in the system can remain unchanged,86

respectively (Cowley, 1981). In either case, a region of sunward ionospheric flow is predicted87

within the polar cap, and the dayside reconnection site no longer necessarily maps to the88

polar cap boundary.89

Measurements of changes in polar cap area can therefore be utilized to help understand90

solar wind-magnetosphere coupling phenomena under both southward and northward IMF91

conditions. Previous studies have quantified changes in the magnetic flux around the po-92

lar cap boundary. For example, the expanding/contracting polar cap (ECPC) paradigm93

(e.g., Cowley and Lockwood (1992); Lockwood and Cowley (1992)) provides a quantitative94

method to examine the changes of magnetic flux—i.e., from open to closed field lines.95

Previously, global imaging satellite provided a very useful tool to study the location96

of the polar cap boundary (Aikio et al., 2006), albeit with limited spatial resolution. Low97

orbit satellites carrying particle data detectors, such as DMSP and NOAA, provide a very98

precise determination of the location of the polar cap boundary, but along a single orbit99
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track, and limited to specific local times. Newell et al. (1996) developed an automatic100

algorithm to identify the location of different boundaries within and around the auroral101

oval using DMSP particle data. The polar rain electrons near the open-closed boundary on102

the nightside sometimes exhibit energy-latitude dispersion, in which the energy decreases103

with decreasing latitude (Wing & Zhang, 2015; Shirai et al., 1997). In addition, an early104

study by Blanchard et al. (1995) identified the location of the polar cap boundary by using105

redline imaging data and DMSP satellite. Moreover, several studies have found that there106

are sometimes discrepancies between the open-closed boundary identified by DMSP and107

those by optical data. However, the exact causes of these discrepancies are not entirely108

understood (e.g.,Boakes et al. (2008); Longden et al. (2010); Hubert et al. (2006)).109

In this paper, we analyze the location of the polar cap boundary by taking advantage110

of the modern redline all-sky imagers (ASI), combined with DMSP satellites around the111

midnight sector. We compare DMSP particle boundaries to the red-line optical boundary.112

We also analyze if the location of the highest energy electrons in the dispersion region113

matches better the open-closed boundary identified in the optical data during moderate114

activity conditions.115

The technological advancements of optical data in recent years allows us to perform116

this analysis with higher temporal and spatial resolution, potentially enabling routine, high117

temporal and spatial resolution maps of the 2-dimensional open-closed boundary.118

2 Datasets and Methodology119

We use data from the Defense Meteorological Satellite Program (DMSP) in conjunction120

with the University of Calgary’s Redline Emission Geospace Observatory (REGO) all-sky121

imagers (ASI) to identify the polar cap boundary in particle and optical data respectively.122

2.1 DMSP’s electron and ion polar cap boundary identification123

The Defense Meteorological Satellite Program (DMSP) is a Department of Defense124

program run by the Air Force Space and Missile Systems Center. Each DMSP satellite125

orbits the Earth in a sun-synchronous near-polar orbit with orbital period of ∼101 min126

at an altitude of ∼835 km above the surface of the Earth. The DMSP satellites carry the127

Special Sensor J (SSJ) instrumental package that uses curved plate electrostatic analyzers to128

measure ion and electron at energies between 30 eV to 30 keV in 19 logarithmically equally129

spaced steps at 1s temporal resolution (Hardy, 1984). DMSP satellites are used here to130

determine the electron and ion polar cap boundary.131

We use the particle flux measurements from the DMSP 16 and 18 satellites to iden-132

tify the auroral oval’s poleward boundary. Newell et al. (1996) developed an automated133

algorithm to identify auroral electron and ion poleward boundaries, the b5e and b5i, re-134

spectively, where the precipitating electron and ion differential energy flux drop off sharply,135

typically by an order of magnitude over a short distance (< 0.2◦). Usually, the b5e and b5i136

are close to each other in latitude. In addition, Newell et al. (1996) defined the b6 boundary137

as the poleward edge of the subvisual drizzle, which is the region of weak ion and electron138

precipitation. Typically, b6 is located poleward of both b5e and b5i. Previous studies used139

b6 or b5e(for electrons) or b5i (for ions) as a demarcation of the open-closed boundary (e.g.,140

Newell et al. (1996), Boakes et al. (2008), Longden et al. (2010)). The present study uses b5e141

and b5i as a starting point for the open-closed boundary, but these boundaries are further142

inspected manually and modified as described next.143

The Newell et al. (1996) boundary identification algorithm was developed to give a144

measure of the poleward-most location of ion and electron precipitation that originate from145

the plasma sheet. This algorithm works well in general and can be very useful for statistical146

studies where it would be prohibitively too laborious to check manually. However, for case147
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studies, it is prudent to inspect the boundaries manually because, as with most automated148

algorithm, the poleward boundary identification algorithm is not perfect, and sometimes149

fails to identify the boundary. Hence, in order to get the most accurate locations of ion150

and electron open-closed boundaries, we visually identify separate open-closed boundaries151

for ions and electrons. The open-closed boundary for ion precipitation is the location of the152

poleward most ions that originate from the plasma sheet (ions having the characteristics of153

plasma sheet ions (Wing & Newell, 1998, 2002; Wing et al., 2005). The same definition is154

used to determine the electron open-closed boundary. Sometimes, they coincide with the155

b5e and b5i,respectively, but other times they do not. In cases where they do not, we use156

the boundaries that are determined manually as they are deemed to be more accurate.157

2.2 Redline Emission Geospace Observatory (REGO) luminosity at the po-158

lar cap boundary159

In Earth’s upper atmosphere, auroral red-line (630.0 nm) emission is produced by the160

transition of atomic oxygen from an excited state to the ground state (Link & Cogger, 1988;161

Solomon et al., 1988; Gillies et al., 2017). The REGO array is composed of nine all-sky162

cameras covering a large portion of the North American sector. Each camera operates at163

a high temporal resolution of 3-s cadence and 2-s exposure time. REGO is sensitive to164

wavelengths between ∼628 and 632 nm, with a maximum at 630.0 nm (Liang et al., 2016).165

As a manifestation of its sensitivity, the REGO imagers located at poleward latitudes can166

easily detect faint polar cap patches—which are often no more than several tens of Rayleigh167

in intensity—and their subtle spatial/temporal variations (e.g., Zou et al. (2015)). This168

characteristic is particularly important for this study, in which we analyze the luminosity169

within the polar cap in order to identify a proxy for the auroral oval’s poleward boundary.170

RESU

TALO

RANK

85°

80°

75°

70°

65°

60°

Figure 1. Coverage of the REGO imagers used in this analysis. From north to south the

cameras are located at Resolute Bay (RESU) in dark blue, Taloyoak (TALO) in blue, and Rankin

Inlet (RANK) in red.
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All-sky imagers (ASIs) provide luminosity as counts that corresponds to the number171

of photons per unit area or pixel. To compare luminosities between different cameras, we172

convert these arbitrary units (count) to Rayleigh (R). The calibration procedure takes into173

consideration the minimum luminosity that REGO’s charge-couple device (CCD) detector is174

able to register, the so-called dark frame correction. In addition, flat field and the Van Rhijn175

corrections are applied (Van Rhijn, 1924; Roach & Meinel, 1965). Finally, Rayleigh con-176

version parameters are introduced using calibration parameters established in the in-house177

calibration performed prior to the instruments’ deployment by the University of Calgary.178

The ASIs used in our analysis are located at Resolute Bay (RESU), Taloyoak (TALO), and179

Rankin inlet (RANK), and their coverage is represented in Figure 1.180

2.3 Analysis approach181

We analyzed events when DMSP satellites crossed the polar cap boundary within the182

FOV of Rankin Inlet (RANK) ASI and Taloyoak (TALO). The best relationship between the183

observed polar cap boundary and nightside reconnection would occur near local midnight,184

where field lines map the the nightside plasmasheet. Yet, for the period of 2014-2016 that185

we examined for this study, the available DMSP satellites are more dawn-dusk. DMSP-16186

and 18 provided reasonable coverage with the poleward cameras at Rankin Inlet (RANK)187

and Taloyoak (TALO) during early and late morning hours.188

To quantify the background luminosity at the time the satellite crosses the electron189

poleward boundary, we have used the ASI poleward of RANK and TALO at Resolute Bay190

(RESU), which lies in the polar cap. The events selected for this study occurred in the191

absence of polar cap structures such as polar cap patches or polar cap arcs, and allowed us192

to identify the luminosity levels in absence of precipitation or optical structures within the193

polar cap. We have analyzed the minimum luminosity within RESU at the center of the polar194

cap during one hour, ± 30 minutes around the time when DMSP satellite crosses the electron195

poleward boundary. One of the advantages of RESU ASI is that is well within the polar cap196

(above 80 degrees magnetic latitude), and it rarely captures the luminosity from the auroral197

oval. For this analysis we have used RESU as the primary ASI to calculate the luminosity198

within the polar cap and discarded potential events in which structures (e.g., polar cap199

patches and arcs) were observed in this region as previously described.This luminosity is200

then compared to the luminosity along the DMSP orbit within REGO or TALO. Finally,201

for the comparison we have calculated the luminosity poleward of the electron boundary202

within RANK. Figure 1b shows the region from which the polar cap luminosity is obtained203

and a mean value is obtained for the analysis. In the following case study we present similar204

plots to analyze the polar cap luminosity.205

3 Results206

For all case studies presented below, in-situ particle data were analyzed from DMSP-16207

and DMSP-18 for events in which the satellites crossed close to the center of the ASI field-208

of-view (FOV). The camera at Rankin Inlet (RANK) was used for five out of the six events209

analyzed here; Taloyoak(TALO) was used for the sixth. All the case study events occurred210

between 2014 and 2016. Figure 2 shows the AL indices for each event, with a vertical line211

marking the time at which DMSP crossed the electron poleward boundary. Events 1 and212

4 occurred approximately 90 minutes after a substorm onset, during the recovery phase of213

a substorm. Events 2 and 6 took place during the expansion phase, while event 5 occurred214

∼ 40 minutes before an AL decrease of ∼200 nT. Finally, event 3 occurred during quiet215

time with an AL index of ∼ -20 nT. In the following subsections, we discuss these six216

representative events in detail.217
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Figure 2. AL indices for all the events. The red vertical line indicates the time at which the

DMSP satellites crosses the electron poleward boundary.

3.1 Case study one: 22 November 2014218

On 22 November 2014, the DMSP-18 satellite crossed close to the center of the FOV of219

the REGO ASI at RANK. We extracted the luminosity along the satellite track and then220

compared it with particle data from the DMSP-18 satellite. To calculate the luminosity221

along the satellite track over RANK, we computed the nearest location to the satellite within222

the ASI via the nearest-neighbor mathematical approach. This procedure was performed223

every three seconds, corresponding to the imager’s temporal resolution. This produced a224

time-series at 3-s resolution of auroral luminosity along the spacecraft’s ground track while225

within the FOV of RANK. To reduce variability due to image noise, we calculated an226

average luminosity at that location by obtaining the mean over an area of five by five pixels.227

This luminosity was then contrasted with those obtained poleward of the electron and ion228

boundary within the same ASI, and it was also compared with an ASI located poleward,229

well within the polar cap.230

Figure 3a shows the increased luminosity within the auroral oval detected at RANK231

at 11:47:27 UT, which corresponds to the time when DMSP-18 crossed the electron pole-232

ward boundary. The orbit of DMSP satellite is indicated by the green line within the233

image. The red and blue circles correspond to the location of the DMSP electron and ion234

poleward boundary, respectively, along the satellite’s orbit. The white-dashed contour line235

corresponds to 75◦ magnetic latitude (mlat). For all the events analyzed, the ASI data and236

DMSP satellite’s orbit have been mapped to the redline nominal emission height of 230 km237

(Solomon et al., 1988; Gillies et al., 2017).238

Figure 3b shows the polar cap at RESU. From top to bottom, the white dashed contour239

lines correspond to 85◦, 80◦, and 75◦ magnetic latitude, respectively. We calculated the240
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luminosity within the polar cap at the center of the RESU FOV, in the area highlighted241

by the yellow quadrilateral. The polar cap luminosity is equal to the mean value inside the242

highlighted area during a time interval of ±30 minutes centered on the time when DMSP-18243

crossed the electron poleward boundary. During this period, we did not detect any optical244

structure within the polar cap (e.g., polar cap patches and arcs).245
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Figure 3. Case study one on 22 November 2014. (a) REGO ASI at Rankin Inlet (RANK)

detected the polar cap boundary location while DMSP-18 satellite crossed closer to the ASI FOV

(green line). The red (blue) circle indicates the location of the electron (ion) poleward boundary

along the satellite track. (b) Luminosity within Resolute bay (RESU), located poleward of RANK

and measuring the polar cap. (c) From top to bottom the panels represents the luminosity along

DMSP-18 satellite track, electron and ion energy flux.

Particle data from the DMSP Special Sensor for Precipitating Particles (SSJ4) detector246

were obtained along the DMSP-18 orbit and can be observed in Figure 1c. From top to247

bottom the panels represent the luminosity extracted from RANK along the satellite track248

every three seconds, and the electron and the ion energy flux from DMSP-18 satellite. The249

green and purple horizontal lines correspond to the luminosity detected poleward of the250

electron and ion DMSP baundaries at RANK, and the luminosity within the polar cap251

obtained at RESU, respectively. As the satellite progressed poleward, it crossed through252

plasmasheet field lines, as indicated by the electron precipitation extending from below 69◦253

mlat to ∼ 75◦ mlat and the ion precipitation spanning a similar region. The DMSP electron254

and ion boundaries are shown with vertical red and blue lines. Note that the ion energy255

flux decreases at about 73◦ mlat, equatorward of the sharp electron flux decrease. However,256

there is still weak precipitation equatorward of ∼ 75◦ that is distinct from the nearly absent257

flux in the polar cap.258

The luminosity along the satellite orbit, shown in the first panel of Figure 3c, exhibits259

a broad increase in luminosity equatorward of the DMSP boundaries corresponding to the260

arc visible in Figure 3a. The RANK poleward luminosity decreases abruptly near the261
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DMSP electron boundaries, and intercepts the luminosity curve ∼ 0.3◦ mlat poleward of262

the DMSP poleward boundary. Similarly, the maximum luminosity, a feature commonly263

used to qualitatively identify the poleward boundary, is located ∼ 0.6◦ mlat equatorward of264

the true electron poleward boundary.265
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Figure 4. Case study two on 19 February 2015 at RANK. The figure format is the same as in

Figure 1.

3.2 Case study two: 19 February 2015266

Figure 4 shows our second event, from 19 February 2015, in the same format as Figure267

3. REGO at RANK (Figure 4a) observed a broad region of diffuse emission equatorward268

of a bright arc, while RESU, just poleward of RANK, observed no auroral emission (Figure269

4b). DMSP-18 traveled the region from low to high latitudes crossing very near the center270

of the RANK FOV. In Figure 4a, the red and blue circles represent DMSP’s electron and271

ion poleward boundary location along the satellite orbit, respectively. Figure 2c shows from272

top to bottom the luminosity along DMSP-18 satellite orbit, the electron flux, and the273

ion flux. For this event, as observed in Figures 4a and 4c, the ion boundary is located274

several degrees (∼ 2◦ mlat) equatorward than the electron poleward boundary. While the275

ion poleward boundary lies closer to the maximum luminosity (Figure 2c), the electron276

boundary is located several degrees poleward.277

The horizontal lines in the upper panel in Figure 2c corresponds to the luminosity278

recorded poleward from the electron and ion boundaries at RANK (green) and RESU (pur-279

ple). Similar to the first event, the luminosity detected poleward within RANK provides280

a good reference for the location of electron poleward boundary demarcated by the green281

horizontal lines intercepting the luminosity along the satellite’s orbit at the same location as282

the DMSP’s electron poleward boundary. For this event, the maximum luminosity within283

the auroral oval is roughly collocated with the ion poleward boundary (blue vertical line).284
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3.3 Case study three: 25 November 2014285

The third case study and the last event in conjunction with the DMSP-18 satellite286

took place on November 25, 2014. During this event the auroral oval extended poleward287

of 75◦ mlat covering most of the RANK FOV; however, the poleward camera at TALO288

was able to record the location of the boundary. Figure 3a shows the optical poleward289

boundary at TALO and the DMSP-18 orbit. The red and blue circles corresponds to the290

DMSP electron and ion boundary respectively, detected along the satellite’s orbit. Figure291

5b shows the luminosity within the polar cap at RESU. The diffuse high-luminosity area in292

the lower-right sector of RANK and lower-left area of RESU is moon contamination.293
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Figure 5. Case study three occurred on November 25, 2014. During this event, the auroral oval

extended poleward of RANK and the analysis was done with TALO. The green line corresponds to

the DMSP-18 orbit crossing TALO FOV and the red (blue) circle are the electron (ion) boundary

along the satellite’s track. Figure 5b and c have the same format as in Figure 1b and c respectively.

Figure 5c shows from top to bottom the luminosity from TALO along DMSP-18 satellite294

orbit, the electron energy flux, and the ion energy flux. For this event, DMSP-18 traveled295

poleward crossing the electron poleward boundary at ∼00:22:33 UT. DMSP-18 crossed first296

the ion poleward boundary at ∼00:21:50 UT (blue vertical line) and the electron poleward297

boundary after 00:22:30 (red vertical line). For this event, the electron poleward boundary298

was located ∼ 2◦ poleward than the ion bounday. We used the two poleward luminosities,299

at TALO and RESU (green and purple horizontal lines respectively), to estimate the lo-300

cation the electron boundary from the optical data. At the time of the satellite crossing,301

the ion poleward boundary was located more than one degree equatorward than the elec-302

tron poleward boundary. The two main regions of electron precipitation (Figure 5c middle303

panel) can be easily visualized as the two regions of enhanced luminosity along the satellite304

track (Figure 5, first panel). Although the luminosity starts decreasing following the elec-305

tron precipitation population, the luminosity at TALO does not reach either the TALO or306

RESU poleward luminosities, indicated by horizontal lines. This is likely due to the satellite307

footprint skimming the most poleward arc, as observed in Figure 5a.308
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3.4 Case study four: 11 February 2016309

The fourth case study occurred on 11 February 2016. Figure 6a shows the satellite310

orbit overlaid on REGO at RANK. During this event, the satellite traveled from high to311

low latitudes, crossing first the ion poleward boundary and then the electron boundary at312

11:35:54 UT.. The polar cap luminosity was calculated at the center of the REGO at RESU,313

highlighted by the yellow rectangle in Figure 6b. In addition, the poleward luminosity was314

extracted from REGO at RANK by selecting the region poleward of the electron boundary.315

These calculation have been used as the poleward luminosity in the first panel of Figure 6c,316

shown with horizontal dashed lines. From top to bottom, Figure 6c shows the luminosity317

along DMSP-16 satellite track, with the red and blue vertical lines representing the electron318

and ion poleward boundary respectively. The ion boundary was located a fraction of a319

degree poleward of the electron boundary. Both of the poleward luminosities, at RESU and320

RANK, are reasonable proxies for the electron and ion boundaries in this event, with the321

intersection between the electron poleward boundary (red vertical line) and the poleward322

luminosity measured at RANK (dashed-green horizontal line) occurring near the time when323

the luminosity along the orbit starts increasing.324
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Figure 6. Case study fourth occurred on February 11, 2016. (a) During this event, DMSP -16

satellite crossed the poleward boundary within the RANK FOV. (b) Luminosity observed poleward

of RANK at RESU. (c) From top to bottom: Luminosity along DMSp-16 satellite, electron energy

flux, and ion energy flux. The green and purple lines correspond to the the poleward luminosty at

RANK and RESU, respectively. The red (blue) circle are the electron (ion) boundary along the

satellite’s track.

3.5 Case study five: 18 January 2016325

On 18 January 2016 DMSP-16 crossed the poleward boundary within the FOV of326

REGO-RANK. Figure 7a shows the orbit of DMSP-16 across the RANK camera’s FOV.327

The red and blue circles in Figure 7a indicates the location at which the satellite crosses the328

electron and ion poleward boundary respectively. During this event, the electron poleward329
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Figure 7. Case study five shows the DMSP-16 satellite transit above RANK all-sky imager

(ASI) on 18 January 2016. THE ASI at RESU is located poleward than RANK and it has been

used to identified luminosity levels within the polar cap region. The figure format is the same as

in Figure 1.

boundary was located couple of degrees poleward from the ion boundary. The polar cap330

luminosity and particle boundaries were obtained in the same manner as described for the331

previous events. As shown in 7c, the ion boundary (blue vertical line) is located equatorward332

of the electron boundary (red vertical line). The luminosity along the track of DMSP333

intercepts the polar cap luminosity closer to the location of the electron boundary, making334

the poleward luminosity at RANK a good proxy to determine the location of the electron335

poleward boundary. Similar to previous events, the polar cap luminosity detected at RESU336

is ∼ 200 [R] dimmer than the RANK poleward luminosity.337

3.6 Case study six: 17 November 2014338

On 17 November 2014, DMSP-16 crossed the poleward boundary at REGO-RANK.339

Figure 8a shows the orbit of DMSP-16 across the RANK camera’s FOV. The red and blue340

circles in Figure 8a indicates the location at which the satellite crosses the electron and ion341

poleward boundary respectively. During this event, both poleward particle boundaries were342

closely located, with the ion boundary located slightly poleward of the electron boundary.343

The luminosity along the DMSP orbit track intercepts the RANK poleward luminosity at344

the location of the electron particle boundary. Similar to previous events, the polar cap345

luminosity detected at RESU is ∼ 200 [R] dimmer than the RANK poleward luminosity.346

4 Discussion and Conclusions347

In this paper, we calculated the location of the polar cap boundary with 2 independent348

methods by taking advantage of conjunctions between high temporal and spatial resolution349

redline imagers and DMSP satellites. Our analysis has enabled us to obtain a good opti-350

cal proxy for the location of the DMSP polar cap boundary. We analyzed the luminosity351

poleward from the DMSP boundary from two ASIs. Our findings suggests that the lumi-352

nosity poleward from the same camera could be used to estimate the location of the polar353

cap boundary. In addition, the luminosity obtained from a different camera located well354
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Figure 8. Case study six shows the conjunction between RESU at RANK and DMSP-16 satellite

on 17 November 2014 at RANK. The figure format is the same as in Figure 1.

within the polar cap demonstrated that these luminosities were too low compared to the355

real location of the polar cap boundary. A possible explanation for this discrepancy could356

be associated with the scattered light of the aurora within the FOV of the camera, making357

the background levels slightly higher than they would be without bright aurora.358

As demonstrated in this analysis, the REGO ASI array provides high temporal and359

spatial resolution observations of the auroral oval. A combination of the REGO capabilities360

and the method developed in this paper, allows us to derive the location of the polar cap361

boundary with high temporal and spatial resolution. To demonstrate the potential of our362

methodology, we have calculated the derived location of the polar cap boundary for the363

2-dimensional REGO data during the first case study, 22 November 2014. As established364

previously, we have compared the luminosity poleward of the DMSP electron polar cap365

boundary within the same ASI, with that detected at constant longitudinal cuts along the366

image. Figure 9 shows the results of applying our methodology to define the 2-dimensional367

polar cap boundary (yellow line) at three different times around case study 1. By comparing368

these luminosities, in the same way we did for the case studies, along the DMSP satellites369

orbit, we were able to obtain the derived location of the poleward boundary at different370

locations and times.371

We calculated the location of the polar cap boundary using two different datasets by372

taking advantage of conjunctions between high temporal and spatial resolution redline im-373

agers and DMSP satellites. Our analysis has shown that the luminosity within the poleward374

region of the same ASI could be used as an indicator for the location of the electron pole-375

ward boundary location. In particular, the poleward luminosity calculated within the same376

ASI where the satellite crosses the boundaries appear to intercept the luminosity along the377

satellite track closest to the electron equatorward boundary location.378
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We have also analyzed the AL indices for the six events examined in this case study.379

We found that the six events occur during different geomagnetic conditions showing that380

some events occurred at differed substorm stages and some during quiet time. Although381

the conditions during these events are significantly different, the method explored here to382

identify the polar cap boundary location by using the luminosity poleward of the bound-383

aries, has proven successful independent of the geomagnetic conditions. However, some384

open questions remain regarding the use of this method to identify the boundary during a385

substorm evolution. During the substorm evolution–growth, onset, expansion, and recovery386

phases–the auroral oval expands and contract, sometimes very rapidly. A future analysis387

and a great test of the method presented here, is to study the applicability of this analysis388

continuously during the evolution of different substorms.389

derived PCB

00:57:24 UT 01:02:24 UT

22 November 2014

00:52:24 UT

RANK

Figure 9. Derived polar cap boundary from the methodology developed in the paper. The

yellow line corresponds to the polar cap boundary derived by using the poleward luminosity from

RANK ASI at three different times.
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