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Progress in Numerical and Laboratory

Simulations of Ionospheric Irregularities

LEI Jiuvhou  JIANG Konghan  LIU Yu

(School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026)

Abstract The ionosphere contains plasma density irregularities with characteristic scales ranging from
centimeters to hundreds of kilometers. These irregularities can induce rapid fluctuations, fading, and
scattering in the phase and amplitude of radio waves propagating through the ionospheric medium,
thereby having a significant impact on radio wave propagation characteristics. According to their latitu-
dinal distribution, ionospheric irregularities are categorized into equatorial and low-latitude, mid-lati-
tude, and polar types. Over the years, great progress has been achieved in both the observational and
theoretical aspects of the characteristics of the ionospheric irregularities. Notably, the research group led

by Professor Zuo Xiao of Peking University has carried out pioneering work in the observation, theoreti-
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cal modeling, and even laboratory experiments of ionospheric irregularities. This article reviews the re-

cent research progress made by the team of the School of Earth and Space Sciences, University of Sci-

ence and Technology of China in the field of ionospheric irregularity simulations. The main topics cover

numerical simulation studies of the terrestrial ionospheric irregularities at low, middle and high latitudi-

nal zones and laboratory experiments of ionospheric plasma instabilities under partially ionized condi-

tions. These studies systematically reveal the formation and evolution mechanisms of ionospheric irregu-

larities in the middle and low latitudes, providing powerful tools for further investigation of related phy-

sical mechanisms.
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Fig. 1

Initial condition of the circular advection test and results at =1 using different advection schemes,

and the colormap represents the density distribution of the advection test. (a) Initial distribution of

a slotted cylinder in Cartesian geometry with 256 x256 cells at ¢=0; (b)—(g) simulated

density distributions at ¢=1 s by different schemes
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Fig. 3 Plasma density distribution from the three-dimensional simulation at ¢ = 3500 s in the meridional

plane, equatorial plane, and +10° latitude planes[m]
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