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The F-region ionospheric trough is a band of depleted electron density that extends
longitudinally around the nightside subauroral/auroral region of Earth. It is well known that the
averaged electron density structure of the trough, but the physical and/or chemical processes
associated with its structural variation are still unclear over several time and spatial scales.
Hence, a detailed and unified investigation within the trough region is highly desirable. To
understand the fundamental characteristics of the trough region, we conducted a multi-part
investigation that consisted of the following two steps.

For the first step, we investigated seasonal variation and solar activity dependence of the
quiet-time ionospheric trough using plasma parameter data obtained via Common Program 3
(CP-3) observations performed by the European Incoherent Scatter (EISCAT) radar between 1982
and 2011. These statistical studies are based upon geomagnetically quiet to moderate conditions
because we needed to understand the pure response of seasonal variation and solar activity
dependence as the first step. The statistical results show that frictional heating plays an
important role in trough formation in terms of seasonal variation and solar activity dependence.
Since frictional heating decreases electron density through dissociative recombination process,
the trough can be preserved even during summer which has a relatively higher ionization rate
than in the other seasons. We also found that such frictional heating becomes more intense under
high solar activity, and thus the troughs with frictional heating tend to be deeper. Additionally,
we propose the possibility that the occurrence rate of the trough was influenced by field-aligned
currents (FACs). Some of the case studies previously reported that the downward FACs could
produce the trough structure, but its statistical characteristic is still unclear. Thus, this is the first
statistical study which mentioned the relationship between the trough and FACs. Especially
during equinox, the occurrence rate of the trough varies with solar activity, which is possibly
caused by solar activity dependence of the FACs intensity. The details are summarized as
follows.

1. During geomagnetic quiet to moderate conditions, frictional heating caused by plasma flow
is active in the auroral region located in the high-latitude side of the EISCAT field of view
(65°-72° MLat), and thus, the occurrence rate of the trough is relatively higher in the
auroral region. Especially, during summer, the ratio of frictional heating is ~47% higher on
the high-latitude side. Based on comparisons of the occurrence rate with the ratio of
frictional heating, we conclude that dissociative recombination accompanied by frictional

heating is the main cause of trough formation in sunlit regions.
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2. The increase in T; is suppressed from winter to summer, most likely owing to frictional
heating being suppressed by increased ion drag force on the neutral atmosphere in summer.

3. In the winter, the occurrence rate of the trough decreases down to ~20% within the
pre-midnight region, while it increases up to ~80% in the post-midnight region on the
high-latitude side. In contrast, the occurrence rate increases up to ~80% within the
pre-midnight region, while it decreases down to ~20% in the post-midnight region on the
low-latitude side. These variations in the occurrence rate are supposedly influenced by the
region 2 current in the pre-midnight region and the region 1 current in the post-midnight
region, respectively. Similar behaviors were observed in the equinox under high solar
activity. Accordingly, the effects of FACs become dominant with increasing F10.7 during the
equinox.

4. Trough depth and frictional heating were found to increase with F10.7 within the
post-midnight to morning and dayside to duskside regions during the equinox, and the
midnight to morning regions during summer. These data indicate that the trough becomes
deeper via dissociative recombination caused by increased T; with increasing F10.7, at least
during the equinox and summer seasons.

The statistical studies above were based upon geomagnetically quiet to moderate conditions,
and thus, for the second step, analyses under geomagnetically active conditions were performed
to further understand the basic characteristics of the trough. Specifically, we focused on the
trough region during a substorm event and investigated the small-structure called an ionospheric
blob (a few hundreds of kilometers in scale), which is considered to be the main source of the
irregularities. As such small-scale structures vary over relatively short-term durations, and we
conducted new EISCAT radar observations with high-speed meridional scans (60-80 s) during
October and December 2013. The temporal evolution of a blob was observed during a substorm
event on December 4, 2013. This is the first report regarding direct observations of blob
deformation in the trough region during a substorm. The observational results indicated that the
enhanced plasma flow was associated with the deformation process of the blob within the trough
region. The detail is summarized as follow.

5. The blob deformation observed by high-speed meridional scans was possibly caused by the
following two-step process: the initial “seed” density structures are created by the
Kelvin—-Helmholtz instability and dissociative recombination, and then the smaller scale
irregularities are secondarily created by the localized gradient-drift instability.

In summary, the obtained results indicated that enhancement of plasma convection plays an
important role in trough structuring over both long-term and short-term durations. In regards to
the long-term duration, enhancement of plasma convection forms the trough through dissociative
recombination and preserves its structure from the effect of ionization. Such trough structuring is
more intense under high solar activity. In regards to short-term periods, enhancement of plasma
convection also contributes to trough structuring in the form of blob deformation through

dissociative recombination and some of the plasma instabilities. Besides, the result also indicated
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the possibility that solar activity dependence of the FACs intensity influences the occurrence rate

of the trough during equinox.
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