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Observation advances of the Hainan VHF Coherent Scatter Phased Array
Radar (HCOPAR)

YAN Chunxiao', GUO Jiaxin’, CHEN Gang”, XU Jiyao', YAN Jingye', YU Tao’, ZHANG Min’, WANG Jin’, JIA Yuanlin’, HU
Pengfei'’

1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China
2. School of Geophysics and Geomatics, China University of Geosciences (Wuhan), Wuhan 430074, China
3. School of Earth and Space Science and Technology, Wuhan University, Wuhan 430072, China

Abstract The Hainan coherent scatter phased—array radar (HCOPAR) operates at 47 MHz and detects meter—scale field—aligned
irregularities in the low—latitude ionosphere. It is the first independently developed VHF coherent scatter phased—array radar of this type
in mainland China. This review summarizes the system configuration, observing capability, and major scientific results of HCOPAR.
Long—term observations reveal clear local—time, seasonal, and altitude variations in E-region irregularities. The observations also identify
quasi—periodic echoes, low—altitude quasi—periodic echoes, and V—shaped echoes. Combined radar, ionosonde, meteor—radar, and
geomagnetic observations constrain the spatial structures and possible excitation processes of these echoes. The results indicate that
neutral-wind shear, plasma density gradients, and geomagnetic disturbances can influence E—region irregularities. For the F region,
statistical studies characterize the occurrence of nighttime echoes and their dependence on ionospheric height. Daytime observations show
that residual irregularities may enter the radar field of view along magnetic field lines. Radar imaging further reveals their discrete spatial
structures and rapid dissipation under sunlight. Joint airglow and radar measurements distinguish the distributions of meter—scale
irregularities within and outside equatorial plasma bubbles. These measurements suggest that density gradients, polarization electric fields,
and bubble evolution jointly regulate the irregularities. Geomagnetic disturbances can alter the motion and lifetime of F-region
irregularities. Medium—scale traveling ionospheric disturbances can also modulate or trigger stripe—like echoes. The available results
demonstrate the value of HCOPAR for studying multiscale coupling in the East Asian low—latitude ionosphere. Future work should
combine long—term statistics, interferometric imaging, and coordinated observations from radars, optical instruments, Global Navigation
Satellite System receivers, and satellites.

Keywords VHF radar; coherent scatter; low—latitude ionosphere; field—aligned irregularities; equatorial plasma bubble
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