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Fine structure of sporadic E: simultaneous observations with HF Doppler sound-
ing system and MU radar in Japan
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Sporadic E (Es) layer is a layer of extremely high electron density that occurs mainly in summer at mid-latitudes around
100 km altitude. Es layer has been known to cause long-range anomalous propagation of radio waves in the VHF band be-
cause of the reflection due to an extreme increase of the electron density associated with Es layer. Es layer has been studied
for more than half a century using various instruments because of its influence on aeronautical navigation systems and radio
broadcasts that use the VHF band. It was revealed that quasi-periodic coherent radar echoes (QP echoes) were observed by
using the MU radar when Es layer occurs at night during summer months (Yamamoto et al., 1991). These echoes would
manifest fine-scale internal structure of Es layer during nighttime. It was also found that nighttime Es layers are related to
Medium-Scale Traveling Ionospheric Disturbances (MSTIDs), which occurs at the F region altitudes. In order to understand
the temporal evolution of these two phenomena, it is needed to understand the fine structure of Es layer. However, the spatial
extent of the fine structure has been unclarified because the coverage of the MU radar is limited.

In this research, we used the HF Doppler (HFD) observation in order to observe Es layer in a wide area. The HFD sounding
system transmits two continuous waves, 5.006 MHz and 8.006 MHz from Chofu, Tokyo and the reflected waves are received
at 11 observation stations in Japan. The system can detect the vertical motion of the ionosphere and dynamical characteristics
of various ionospheric phenomena from variations of the Doppler frequency and received signal intensity derived from the
received signal at multiple stations. The sampling rate of the raw waveform data is 100 Hz. The temporal resolution of the
Doppler frequency and received signal intensity is 10 sec. The HFD observation is known to observe characteristic (quasi-
periodic) Doppler spectral traces associated with Es layer, mainly at night during the summer season. This feature would
reflect the spatial structure of Es layer, which corresponds to QP echoes. If the identity of the quasi-periodic Doppler trace
and QP echoes is confirmed, it would be possible to observe the fine structure of Es layer in a wide area by using the HFD
sounders.

For this purpose, we conducted simultaneous observations of Es layer by using HFD and MU radar on eight nights (May
23-26 and June 6-9, 2022). During five nights, the MU radar detected clear signatures of QP echoes. In addition, we con-
firmed that quasi-periodic Doppler traces were observed in the HFD data obtained in Awaji station. The two observation
methods would have detected same Es layer because the difference in the timing of detection was small, about 10 — 20
minutes. The time lag would have been due to the location of the reflection point of the HFD observation in Awaji, which is
about 200 km away from the MU radar observation area. When the MU radar clearly detected Es layer, the difference in speed
between MSTIDs and Es layer was less than 20 %. This indicates that Es layer and MSTIDs propagated in tandem. Based
on this fact, the time needed for propagation of MSTIDs between observation areas of MU radar and HFD was calculated
by a cross-correlation analysis of GPS-TEC data. The estimated travel time was almost equal to the time lag in the Es layer
observation between the MU radar and HFD. Therefore, we conclude that the time lag of Es layer observation was due to the
difference of the observation areas, which further confirms that the quasi-periodic structures in the Doppler spectra of HFD
measurements are manifestations of QP echoes seen in data from coherent radars such as the MU radar.

It was confirmed that the two methods observed the internal structures of the same Es layer. Still, however, it is unclarified
what kind of spatial structure of Es layer is represented by the quasi-periodic Doppler traces observed by HFD. In order to
reveal the spatial structure of Es layer in a wide area, we conduct a cross-correlation analysis of received signal intensity
obtained at the HFD stations around the Kanto area, where the distribution of the receiving stations is dense. Also, we plan
to reconstruct 2D images of the QP echoes from the imaging observations made by the MU radar and compare them with the
quasi-periodic Doppler traces seen in the HFD measurements.
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