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Sporadic E (Es) is a thin layer of extremely enhanced electron density that occurs primarily around 100km altitude at mid-
latitudes during the summer. The enhanced electron density associated with Es can reflect VHF radio waves, which normally
penetrate the ionosphere, causing anomalous long-distance propagation for radio waves incident at low elevation angle. HF
Doppler measurement has been employed for the observation of Es; however, this observation method cannot determine the
distance to the reflection point and therefore cannot identify the altitude of Es, which has been a limitation.

In this study, we simultaneously conducted the ranging observations of Es using an FMCW radar system, which began
operation in 2024, enabling range measurements to analyze the structure and motion characteristics of Es. The HF Doppler
observation system exploits the property that HF radio waves are reflected in the ionosphere, detecting temporal variations
of the reflection altitude as Doppler frequency shifts. In contrast, FMCW observations continuously observe the propagation
path length of the radio wave from the frequency difference between the transmitted and received waves.

We analyzed data obtained on June 2, 2024 (12:00-13:00 UT), June 19, 2024 (13:00-15:00 UT), and July 12, 2024 (13:00-
14:00 UT). Using these two observation methods, we extracted five events that were observed simultaneously by both ob-
servation methods. In the extraction of events, the start and end times were manually determined for each event. Once the
start time was set, a program was created to automatically save the Doppler frequency values every 10 seconds from among
those with relatively high signal strength. The results showed that in all cases Es moved at a speed of just over 100 m/s. Spo-
radic E layers have also been observed in GPS-TEC data that enable us to capture their spatial distributions and movements.
Currently, we are preparing ROTI maps for the observation dates using TEC data provided by GEONET of the Geospatial
Information Authority of Japan.

In this presentation, we will report further detailed analyses, including the validity of the Es velocities obtained from
Doppler and FMCW range measurements by comparison with these ROTI maps.
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