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Abstract

Sporadic E (Es) Layer refers a thin layer of enhanced electron density in the ionospheric E region, where
the electron density can be 2 to 3 times higher than the surrounding areas, reaching up to 10> m . The Es
layer typically has a thickness of about 1-2 km and extends horizontally over i tens to hundreds of
kilometers. It is a significant factor influencing radio wave propagation in the high—frequency (HF) and very—
high frequency (VHF) bands. The daily and monthly occurrence frequencies were analyzed, and correlation
analysis was performed with solar activity and geomagnetic disturbances. The critical frequency of Es (foEs)
values were highest near noon in the summer, while h'Es peaked at 06:00, decreased until noon, and then
increased again around 16:00. Seasonally, the highest virtual height of Es (0 Es) values where observed in
April, followed by a decrease until August, after which they began to rise again. At Icheon station, the
occurrence of Es layer was more frequent at 12:00 and 20:00, with the highest seasonal frequency
observed in June. In contrast, the Jeju station showed a peak occurrence around 11:00, and also recorded
the highest seasonal frequency in June. The incidence of Es layer was generally higher during solar
minimum compared to solar maximum. This results will be used to develop a machine learning model for

predicting for occurrence of Es layer.

Aol ¢ M, 71, A% ES, 71AEE, olkE, Tk 54l
Keywords : ionosphere, space weather, sporadic E-layer, machine learning, ionosonde,
high-frequency (HF)
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Fig. 1. Monthly availability of Icheon and Jeju ionosonde measurements.
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Fig. 2. Variation of monthly average foEs. foEs, critical frequency of Es.
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Fig. 7. Occurrence rates of Es layer () 7 MHz, ) 10 MHz) as functions of season and local time

at Jeju station (top row). Occurrence rates of Es layer () 7 MHz, » 10 MHz) by local time

(middle row). Occurrence rates of Es layer () 7 MHz, > 10 MHz) by month (middle row). foEs,

critical frequency of Es; KST, Korean Standard Time.
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Table 1. Geographical and geomagnetic coordinates of ionosonde observatory around the

Korean Peninsula

Geographic Geomagnetic
Geographic Geomagnetic longitude
Satation longitude latitude
latitude (°N) (IGRF-13(2022), °E)
(°BE) (IGRF-13(2022), °N)

Wakkanai 45.16 141.75 37.27 210.08
Beijing 40.30 116.20 31.17 187.89
Icheon 37.14 127.54 28.32 198.24

Kokubunji 35.71 139.49 26.67 209.23

Jeju 33.43 126.30 24.55 197.36
Yamagawa 31.20 130.62 22.55 201.49
Wuhan 30.50 114.40 21.22 186.53
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orange colors represent solar minimum and maximum, respectively. foEs, critical frequency

of Es.
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Fig. 14. Occurrence rates of Es () 7 MHz) at Jeju as function of local time for equinox, winter,
summer seasons. The occurrence rates are plotted for each group of K index as indicated in

the label. foEs, critical frequency of Es; KST, Korean Standard Time.
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Fig. 15. Same as in Fig. 14 except for Icheon. foEs, critical frequency of Es; KST, Korean

Standard Time.
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Fig. 16. Same as in Fig. 14 except for Kokubuniji. foEs, critical frequency of Es; KST, Korean
Standard Time.
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