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Introduction

• Expanding-Contracting Polar Cap (ECPC) model requires unbalanced 
dayside and nightside reconnection to each drive a polar cap voltage 
(Cowley and Lockwood, 1992; Milan et al., 2021).

• Evidenced by the observation of solar wind (e.g. Ruohoniemi and 
Greenwald, 1998) and substorm (e.g. Grocott et al., 2002) driven 
enhancements to VPC.
• Demonstrated statistically using IMF BZ and the AL index as proxies for 

dayside and nightside reconnection, respectively (Lockwood and 
McWilliams, 2021).



Lockwood and McWilliams (2021)

• For a fixed AL, 
increasingly negative 
BZ is associated with 
increased VPC.
• For a fixed (but not 

strongly) negative BZ, 
increasingly negative 
AL is associated with 
increased VPC.
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IMF being interrupted by just a brief interval of southward IMF. For each northward-IMF ΦPC value ob-
served at time to, we evaluate the time at which the lagged IMF turned northward in these 6-min running 
means, tn, and hence ∆t = to−tn. We did also try using running means over 15 and 60 min and Figure 9 was 
not substantially changed other than the appropriate resolution in ∆t was lowered. Again, because of the 
large number of samples, we color code the fraction of samples  (on a logarithmic scale) and all panels 
of Figure 9 uses bins in ΦPC that are 2 kV wide (as in Figures 7 and 8) and in ∆t that are 6 min wide. The 
near-exponential decay of the largest ΦPC found by Wygant and coworkers is clear in Figure 9a and the time 
constant for that decay is very similar, with ΦPC reduced to almost constant value by ∆t = 15 h. The ECPC 
model predicts that the larger ΦPC values at a given ∆t will be due to larger ΦN and hence greater −AL. 
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Figure 8. Plots on lagged interplanetary magnetic field (IMF) BZ component and AL index axes of (a) the fraction of 
samples  (on a logarithmic scale) and (b) mean transpolar voltage <ΦPC> in bins that are ∆BZ = 0.5 nT wide in 
IMF BZ (in the geocentric solar magnetospheric [GSM] frame of reference) and ∆AL = 10 nT wide in the AL index, as 
a function of BZ and −AL. Both BZ and AL data are 15-min boxcar running means of 1-min observations. Bins with no 
samples are shaded black. Only ΦPC values based on ne > 255 radar echoes are used. Part (c) shows the same data as 
part (b), fitted with contour levels.
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Introduction

• The ECPC model also dictates that dayside and 
nightside reconnection should drive independent 
components of the convection pattern.

x x

xx

Cowley and Lockwood (1992)



Introduction

• The ECPC model also dictates that dayside and 
nightside reconnection should drive independent 
components of the convection pattern.

• In this study we use an archive of SuperDARN data to 
investigate these two components based on the 
locations of the foci of the twin vortex convection.

• We use SuperDARN convection maps (Ruohoniemi and 
Baker, 1998) that satisfy:
• nvecs > 250

• MLT!min > 12  and  MLT!max < 12
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Overview of Foci Locations

• Wide spread of foci locations, 
particularly on the nightside

• Typically 75° – 85° latitude on the 
dayside (within 2 hrs MLT of the dusk-
dawn meridian).

• Typically 70° – 80° latitude on the 
nightside (within 4 hrs MLT of the dusk-
dawn meridian).

• 98% of map foci fall within these limits.
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Overview of Foci Locations
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• Filtering by IMF and AL there are clear differences.
• Peak occurrence on left is slightly pre-dusk, but also slightly pre-dawn, higher latitude.
• Peak occurrence on right is post-dusk and pre-dawn, extending to lower-latitudes.
• Greater spread for nightside foci.



Foci Separation

• Foci separation has a mean of 
12.8 hrs.
• Minimum separation is ~4 hrs.
• Maximum separation is ~20 hrs.



Foci Separation vs. IMF BZ and AL
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• At fixed, modest AL, see a clear 
Bz dependence of dMLT
• Stronger –BZ → dayside foci
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• At fixed, modest AL, see a clear 
Bz dependence of dMLT
• Stronger –BZ → dayside foci

• At fixed, zero Bz, also have a 
dependence of dMLT on AL
• Stronger AL → dayside foci



Foci Separation vs. IMF BZ and AL
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• At fixed, modest AL, see a clear 
Bz dependence of dMLT
• Stronger –BZ → dayside foci

• At fixed, zero Bz, also have a 
dependence of dMLT on AL
• Stronger AL → dayside foci

• Strong AL requires strong 
dayside driving



Foci Separation

Results
• Dayside reconn. dominant: 

mean dMLT = 11.5 ± 1.6 hrs
• Nightside reconn. dominant: 

mean dMLT = 14.7 ± 2.7 hrs

Conclusions
• Results agree with ECPC model
• Overlap in the distributions due 

to AL dependence on BZ

Dayside dominant:
AL > −20 nT
IMF BZ < −4 nT

Nightside dominant:
−50 nT > AL > −150 nT

IMF BZ > 4 nT



Average SD Data Coverage
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• Average SuperDARN data 
coverage is shown for 
different Universal Times
• Non-uniform locations of the 

radars gives some UT-
dependence of the coverage
• With a coverage filter to 

remove low (n<250) maps….
• Better highlights how the 

coverage gap rotates with UT.
• Q: Is this responsible for the 

observed foci displacements?



UT dependence
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• Very weak UT dependence of dMLT
• No UT dependence of IMF BZ (as expected!)
• Weak UT dependence of AL (station asymmetries?)



Comparison with ECPC model
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are difficult to measure accurately. As described below we use proxies, , , and , for three of these 
parameters; ΦN can be inferred from these using Equations 1 and 2.

Additional parameters are included in the analysis, but are not used to determine the state classifications: 
the geomagnetic index SYM-H, the solar wind speed and density, and IMF magnitude and orientation. 
Geomagnetic indices and solar wind parameters are derived from the 1-min OMNI data set (King & Papi-
tashvili, 2005). We also use observations of FACs from the Advanced Magnetosphere and Planetary Electro-
dynamics Response Experiment (AMPERE) which uses magnetometer measurements from the Iridium tel-
ecommunications constellation to infer currents poleward of 40° geomagnetic latitude at a cadence of 2 min 
(see, e.g., Anderson et al., 2002, 2000; Coxon et al., 2018; Waters et al., 2001). The FACs are determined by 
inverting magnetometer measurements from the almost 70 polar-orbiting spacecraft, and are resolved onto 
a grid of 24 magnetic local time sectors and 50 geomagnetic latitude bins between the pole and 50° colati-
tude in AAGCM coordinates, at an altitude of 780 km.

2.1.1. FAC Radius, Λ, and Polar Cap Flux, 

Monitoring the polar cap or open magnetic flux is important for interpreting magnetospheric dynamics in 
the context of the ECPC model. Previous studies that have used global auroral imagery to estimate FPC have 
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Figure 1. Observations and magnetospheric state classifications for a 60-h period following 00 UT, May 28, 2010. (a) and (b) Keograms of AMPERE field-
aligned currents (FACs) across the dawn-dusk meridian in the Northern and Southern Hemispheres. Red and blue represent upward and downward FACs, the 
color scale saturating at ±0.5 µA m−2. (c) The radius of a circle fitted to the boundary between R1 and R2 currents, Λ, in the two hemispheres, which is a proxy 
for polar cap flux FPC. (d) The PCN geomagnetic index, a proxy for cross-polar cap potential ΦPC, and , a proxy for dayside reconnection rate. (e) AU and AL 
(black lines); -AU (gray line) for comparison with AL. (f) The BX, BY, and BZ components of the IMF. (g) Solar wind speed, VSW, and density, NSW. (h) The SYM-H 
geomagnetic index. AMPERE, Advanced Magnetosphere and Planetary Electrodynamics Response Experiment; IMF, interplanetary magnetic field.
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• Milan et al. (2021) 
characterized the ECPC 
phases for 2010.
• Average values of dMLT for 

4 of their states:
• 11.8 hrs
• 12.1 hrs
• 11.7 hrs
• 12.7 hrs
• Inconclusive…
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Conclusions

• The two-component convection pattern discussed by Cowley and 
Lockwood (1992) is apparent in the SuperDARN convection maps, with 
a ±1.5 hr displacement of the cell foci for dayside and nightside driven 
flow.
• It is harder to isolate the dayside component, because strong dayside 

driving produces a strong tail response.
• The nightside component persists following a northward turning, so is 

more readily apparent.

• Further work is looking at 1. asymmetries in the dusk and dawn foci 
locations and 2. comparison with known intervals of polar cap 
expansion and contraction.
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