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Horizontal structures and movements of sporadic E layers observed with

ionosonde receiver network
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The sporadic E (Es) layer is a dense plasma layer that sporadically appears in the ionospheric E-region, around 90 —
130 km altitude. Its formation and transport are strongly influenced by neutral winds. In particular, vertical shears of zonal
winds cause convergence of metallic ions, leading to the formation of Es layers, which are considered to be horizontally
transported by background winds. In recent years, studies on the horizontal structures and movements of Es layers using
total electron content (TEC) observations have progressed. However, since only high-density Es layers can be detected by
TEC, ionosonde observations, which can continuously detect Es layers, are effective for investigating their typical behavior,
including lower-density cases. Conventional ionosonde networks, however, are too widely spaced to detect the horizontal
structures and movements of Es layers.

To overcome this limitation, we installed new ionosonde receivers in Kyushu, Japan, and established an observation
network with horizontal scales that enable monitoring of horizontal movements of Es layers. In June 2023, the receivers were
installed at Aso and Miyazaki. By receiving HF signals transmitted from the Yamagawa ionosonde, we conducted oblique
observations of Es layers at the midpoints of the Yamagawa — Aso (190 km) and Yamagawa — Miyazaki (100 km) paths.
The distance between Aso and Miyazaki is 125 km, and this observation network enables tristatic observation with horizontal
scales of about 50 — 100 km. Subsequently, additional receivers were installed at Beppu (245 km from Yamagawa) in July
2024 and at Kochi (307 km from Yamagawa) in March 2025, extending the horizontal scale of the observation network to
about 150 km. This expansion improved the ability to detect horizontal movements faster than 100 m/s, and enabled the
investigation of larger-scale horizontal structures of Es layers. In this study, we present the results of analyses of horizontal
movements and structures of Es layers observed by this five-station network at Yamagawa, Miyazaki, Aso, Beppu, and
Kochi, and discuss their formation and transport by neutral winds.
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