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The area of the Earth's atmosphere above an altitude of about 80 km is called the ionosphere, where molecules and
atoms are partially ionized. Since the electron density varies depending on altitude, time, and location, radio waves
passing through the ionosphere are delayed or refracted, which cause satellite communication failures and degrade GPS
positioning accuracy. It is required to monitor and predict ionospheric conditions accurately. A phenomenon called
150-km echoes is VHF radar backscatter echoes observed in the daytime near 150 km of the equatorial ionosphere.
Although the generation mechanism of 150-km echoes is not yet clear, two types of echoes are known to exist: one from
a naturally enhanced incoherent scattering (NEIS) process, which has alow SNR and SNR-dependent Doppler spectral
width, and the other from the unstable growth of field-aligned irregularities (FAIs), which has a high SNR and SNR-
independent Doppler spectral width. We study the equatorial ionospheric variations during the annular solar eclipse
on Decembrer 26, 2019. It is known that a solar eclipse reduces the amount of sunlight when the moon passes in front
of the sun in the daytime and affects the electron density distribution. We observed ionospheric irregularities in the E
region with the Equatorial Atmosphere Radar (EAR) in West Sumatra, Indonesia, and the background ionospheric
conditions with the ionosonde network in Southeast Asia. The annular solar eclipse occured above the EAR between
10:18 and 14:08 local time, with the maximum obscuration at 12:11.

We conducted a special ionospheric observation by the EAR from December 25 to 27, 2019 with high time resolution
by focusing on the ionospheric E region. 150-km echoes were observed on the 25th and 27th, but not on the 26th, the
day of the eclipse. The eclipse might suppress the occurrence of 150km echoes. The E-region echoes were observed on
all three days at around 100 km altitude. Echoes were seen over a wide range of times around 90 km, and sometimes
echoes were observed around 110 km. The Doppler velocity of the E-region echoes fluctuated about thirty minutes
before the beginning of the eclipse. Doppler velocities became lower from about 9:30 to 11:30, increased from about
11:30 to 13:30, and then decreased again after about 13:30. Scatterplots of SNR and spectral widths for 150-km echoes
show a population with a high SNR and SNR-independent Doppler spectral width on the 25th and 27th when 150-km
echoes occurred. This suggests that the 150-km echoes observed by the EAR are produced by FAIs. Echoes from the
NEIS could not be detected due to the lack of sensitivity of the EAR. The results of ionosonde observations show that
the critical frequency of the F layer fluctuated with about an hour delay from the variation of the obscuration at all sites.
Taking advantage of what we observed with two beams during the eclipse, we will synthesize the beams and analyze
the east-west and north-south components of Doppler velocities. In addition, we will comprehensively analyze the
results of previous EAR observations.
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