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Multiple-event study of substorm electric-field penetration based on simultaneous
observation of 630-nm airglow enhancements
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630-nm red airglow emissions at altitudes of 200-300 km are produced by dissociative recombination of Oo™. The
emission intensity is proportional to the product of OF and O, densities. The O is also proportional to the ionospheric
plasma density because it is a major part of the F-region plasma in the ionosphere. Therefore, the change of the product
of O and Oy densities due to the upward or downward motion of the ionosphere by a zonal electric field or a meridional
neutral wind leads to the variation of the 630-nm red airglow intensity. In other words, observation of the 630-nm airglow
modulation is equivalent to seeing the upward and downward motion of the ionosphere. One of the causes of moving
mid-latitude ionospheric plasma is the penetration of the transient magnetospheric electric field associated with substorms.
Region 1 currents dominate due to the development of a current wedge system at substorm onset, and a westward electric
field penetrates at mid-low latitudes on the night side. The direction of the associated ExB drift is diagonally downward,
which causes the ionospheric plasma to move to lower altitudes with higher O density. This process enhances the 630-nm
airglow emission. Shiokawa et al. [2000] reported only two events of two-dimensional observations of the 630-nm airglow
enhancement using an all-sky camera at mid-latitudes. However, there have been no other reports of the mid-latitude 630-nm
airglow modulations associated with substorms. Further, because Shiokawa et al. [2000] did not conduct a multi-observation
data analysis for the 630-nm airglow enhancement, the spatial and temporal variations of the 630-nm airglow enhancement
remained unknown.

In this study, we will increase the number of 630-nm airglow enhancement events with substorm by observing simul-
taneously with all-sky cameras installed at Rikubetsu (43.5°N, 143.8°E), Shigaraki (34.9°N, 136.1°E) and Sata (31.0°N,
130.7°E) in Japan. Further, we use various kinds of observation data obtained from the FM-CW radar installed at Sasaguri
(33.4°N, 130.3°E) by Kyushu University, SuperMAGs, GNSS receiver networks, Ionosondes, the DMSP F15 satellite, and
the SuperDARN Hokkaido East radar to clarify the characteristics of airglow and ionospheric variability due to electric field
penetration with substorms over a wide latitudinal range.

From 2002 to 2012, there were 1,800 days of FM-CW radar observations. Among them, we found five events of
simultaneous airglow enhancements at two or more stations. Substorm-like AL index decreases were observed with the onset
of these airglow enhancements. The occurrence probability of ’simultaneous enhancement at two or more stations” in the
“time when the weather is clear by confirming the all-sky camera on the day that FM-CW radar at Sasaguri is available” was
5.5 [hour]/6080 [hour]=0.09%, which is very rare. Three events occur during peculiar intervals, such as very large substorms
or giant magnetic storms (Halloween events). This suggests that in order to cause electric field penetration and simultaneous
airglow enhancement at mid- and low latitudes, there may be some necessary conditions in the substorm-like geomagnetic
variations and the background solar-wind, magnetospheric and ionospheric parameters. In this presentation, we investigate
possible mechanisms to cause airglow variations associated with substorm electric field penetration into the mid-latitude
ionosphere, based on a combined analysis of airglow, geomagnetic field, ionospheric and TEC variations, and solar wind
parameters.
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