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Long-term variations of oxygen and hydrogen airglow in the upper atmosphere of
Venus as observed by Hisaki
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Previous observations have shown that dust storms on Mars transport materials such as water vapor to the upper atmosphere
and affect the hydrogen and oxygen escape from the Martian upper atmosphere (e.g., Chaffin et al., 2021, Masunaga et al.,
2022). On the other hand, although the atmospheric escape such as hydrogen and oxygen from the upper atmosphere to space
has been observed on Venus, the understanding of how materials are transported from the lower atmosphere to the upper
atmosphere is not well understood.

Recent observations by the Hisaki telescope have revealed that the total amount of oxygen atoms in the upper atmosphere
of Venus fluctuates by several percent with a period of about 4 days (Masunaga et al., 2015, 2017). In particular, model cal-
culations show that on the morning side of Venus, atmospheric gravity waves propagate periodically to the upper atmosphere,
inducing periodic transport of oxygen atoms (Nara et al., 2020), suggesting that the 4-day circulating middle atmosphere and
the upper atmosphere dominated by day-night convection are coupled through atmospheric waves. In the Venusian middle
atmosphere, Akatsuki and other spacecraft have observationally shown that wind speeds and mixing ratios in the Venusian
cloud layer show long-term variations on long time scales of hundreds of days to decades (Kouyama et al., 2013, Marcq et al.,
2013, Lee et al., 2019 ). Such long-term variations in the middle atmosphere which is coupled to the upper atmosphere would
suggest that similar time-scale variations exist in the upper atmosphere, but long-term variations in the upper atmosphere of
Venus on the scale of hundreds of days to years have not yet been investigated.

In this study, we analyzed the long-term dataset of OI 130.4 nm and HI Ly- 3 airglow of Venus obtained by the Hisaki
space telescope for about 10 years. The results suggest that these airglow emissions not only vary with the solar activity
but also have its own long-term cycle. We show that the total amount of oxygen and hydrogen atoms in the Venusian upper
atmosphere fluctuates over a long period of time, and discuss the mechanisms driving this periodic variation based on past
observations of the lower atmosphere.
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