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Temporal development of auroral morphology associated with substorm onset and
its dependence on distance from the onset location
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Previous studies have extensively explored the spatial and temporal development of auroras during substorm events. It has
been observed that auroras that drift equatorward at the substorm growth phase typically exhibit rapid expansion poleward at
the substorm onset, which leads to enhancement of the emission intensity through the expansion phase. Subsequently, diffuse
auroras, including pulsating auroras, are observed predominantly on the morning side of the magnetic local time. In contrast,
in case where the ground-based all-sky imager is operated east (i.e., dawn side) of the substorm onset location, the auroral
intensity tends to increase with the onset, but a diffuse aurora may develop in the field-of-view of the imager. Although it has
been observed that the auroral morphology coinciding with a substorm onset depends on the relative distance from the onset
location, it has not been fully confirmed yet. This study aims to clarify variations in the auroral morphology seen before and
after the substorm onset with respect to the zonal distance from the onset location by analyzing auroral images captured by
all-sky imagers at several ground-based locations.

By applying four specific criteria to the 1949 substorm events that occurred between 2016 and 2022 (with the majority
taking place during the northern hemisphere’s winter months from September to March only), we identified 34 distinct events
that presented clearer visibility of auroras.

1. The weather conditions at the all-sky imager installation site indicate a clear night, along with substorm onsets taking
place after 22 MLT. There are no other onset occurrences with a 2-hour window before and 30 minutes after each substorm
onset.

2. The minimum value of the SML index (the minimum value attained at each time of the N-component of the magnetic
field measured by magnetometers located at 40°-80° magnetic latitude in the northern hemisphere, as defined by SuperMAG)
reaches -400 nT or lower within one hour following the initiation of a substorm onset.

3. The SML index has a single minimum for one hour after the substorm onset.

4. The MLT difference between the time at which the substorm onset occurred and the MLT at the location where the SML
minimum was recorded is within one hour.

At the SGEPSS 2023 Fall meeting, we visually confirmed the 34 events and classified them as diffuse or discrete auro-
ras. We investigated the trends in auroral morphology relative to the onset location and found that the diffuse aurora was
distributed over a wider range in longitude from the onset location. Additionally, both type of auroras was distributed in a
wider latitudinal range at the east side of the onset location. The latitudinal standard deviation of the substorm onset location
showed that discrete auroras tended to occur at latitudes closer to the onset location. To improve the accuracy of the results
and to provide objectivity in discriminating auroral morphology, we developed a program that is mechanically capable of
discriminating the auroral morphology. We focused on the auroral meridional width as an indicator, which depends on the
auroral morphology, retrieved from the analysis of the 34 events. To increase the number of events analyzed, the criteria 2
and/or 3 are relaxed, resulting in more events with relatively small substorm activities and with repetition of auroral bright-
ening within a short period of time. In this presentation, we will apply the developed program to more events and report the
results of an analysis that improves the accuracy of the statistical analysis.
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