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Dynamical characteristics of summer nighttime sporadic E: FMCW-based HF
Doppler sounding measurements
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Sporadic E (Es) is a thin layer of extremely high electron density at around 100 km altitudes that occurs mainly in summer
at mid-latitudes. Es layer has been known to cause long-range anomalous propagation of radio waves in the VHF band
which enter to the ionosphere at a low elevation angle through reflection due to an extreme increase of the E region electron
density. Es layer has been studied using various methods because of its influence on aeronautical navigation systems and
radio broadcasts in the VHF band. It was revealed that dynamical characteristics of Es layer during daytime can be observed
by using Total Electron Content (TEC) obtained by using a ground-based GNSS receiver network. Es layer during night time
moves with the Medium-Scale Traveling Ionospheric Disturbances (MSTIDs), wave-like structures in the F region electron
density. MSTID causes large variations in the electron density, therefore it is difficult to observe Es layers only by using
GNSS-TEC observations.

In this research, we used the HF Doppler (HFD) observation in order to observe Es layers directly in a wide area.
The system can detect the vertical motion of the ionosphere from ground; thus, the dynamical characteristics of various
ionospheric phenomena can be visualized using variations of the Doppler frequency and received signal intensity obtained
at multiple stations on the ground. The HFD sounding system transmits two radio waves, 5.006 MHz and 8.006 MHz from
Chofu, Tokyo and the reflected waves are received at 11 stations in Japan. The transmitted waves consist of continuous
waves and Frequency Modulated Continuous Waves (FMCW). The continuous waves are transmitted on fixed frequencies.
Thus, when the radio waves are reflected by an Es layer, the observed frequency changes due to the Doppler effect and then
characteristic (quasi-periodic) Doppler spectral traces are observed. The frequency of the FMCW signal is modulated in
150 kHz band periodically. Propagation distance is then calculated from frequency difference between replica of transmitted
waves and received waves. The replica is synchronized with the transmit station by using GPS. The propagation distance
can always be observed with high accuracy with timing of the Doppler traces. Reflection altitude is estimated from the
propagation distance and distance from a transmitter to a receiver. Time resolution of the altitude is higher than conventional
methods such as ionosonde. The goal of this study is to observe the dynamical characteristics of sporadic E layers from the
Doppler traces from the conventional HFD sounding system and the reflection altitude from the FMCW measurement.

We conducted observations of Es layer during nighttime by using the HFD between May and August 2022. The Doppler
trace was simulated by calculating the Doppler shift from the time derivative of the propagation path length. By comparing
simulation of Doppler traces and the actual observations, we calculated the propagation speed and azimuth of Es layers.
However, since the reflection altitude is needed to be assumed in the simulation, there was an uncertainty in the estimated
propagation speed and azimuth.

Regularly transmission of the FMCW signal has started since early 2024. We conducted HFD observations of Es layer
in Chiba during nighttime between May and July, 2024. We found that, when quasi-periodic Doppler spectral traces were
observed, the reflection altitude estimated from FMCW signal ranged from 100 to 125 km. This reflection altitude was
slightly higher than that assumed when analyzing the data in 2022 (it was assumed to be 100 km). This implies that the
accuracy of simulation will be improved by using the observed reflection altitude as an input parameter for the simulation.
We plan to compare these observations of HFD sounding system with those of MSTID using GNSS-TEC.
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