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A strong local-time dependency on the occurrence of noctilucent clouds over
Hokkaido, Japan.
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Noctilucent clouds (NLCs) are the highest clouds in the Earth’s atmosphere, occurring at altitudes of about 82 — 85 km,
and are typically observed in high-latitude regions (50 - 60° in latitude) during summer. Observations of NLCs is the
effective method to monitor the atmospheric dynamics in the mesopause region with high spatial and temporal resolution. In
recent years, a latitudinal expansion of NLC occurrences toward lower latitudes has been reported. In particular, a number of
NLC cases at midlatitudes (below 50° ) is increasing. For example, 36 events were reported in North America between 2003
and 2011 (Russell I1I et al., 2014). In Europe, more than five events per year were recorded from 2005 to 2021, with as many
as 22 cases in 2009 (Dalin et al., 2023). In Asia, NLCs were first observed in Hokkaido, Japan (42° N), in 2015 (Suzuki
et al., 2016), and later in Beijing, China (40° N) in 2020 (Jiaxuan et al., 2022). In Japan, the NLC imaging network has
been updated since the first NLC detection in Hokkaido in 2015. Four more events were observed in 2020, one in 2021, and
four in 2025, giving a total of ten NLC cases at present. Except for one case, all events occurred in the early morning hours
(2:00 = 3:00 LT). Although the occurrence of NLCs is theoretically possible after sunset as well as before sunrise, the actual
observations show a strong local time dependence on the occurrence. A similar local time dependence of NLC occurrence
has also been reported by lidar observations in the European polar mesopause region (69° N, 16° E) (Fiedler et al., 2011).

To investigate the causes of this local time dependence of NLC over Hokkaido, we compared multiple ground-based NLC
events with temperature and water vapor fields obtained from AURA/MLS satellite data. The analysis revealed a persistent
local-time-fixed variation pattern in the temperature field, with relatively high temperatures after sunset and low temperatures
at dawn. This pattern is consistent with the fact that most NLCs in Japan occur in the early morning. A likely explanation
is the influence of solar atmospheric tides. To examine this assumption, we investigated meteorological fields in the upper
mesosphere around North Japan using the JAGUAR-DAS Whole neutral Atmosphere Reanalysis (JAWARA) data, which
includes assimilation up to lower thermosphere (z = 150 km). The results suggest that modulations caused by tidal waves are
responsible for the strong local-time dependence of NLC occurrence in Japan.
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