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The mesosphere and low thermosphere (MLT) region is defined as the region of the
atmosphere between approximately 60 and 110 km in height. It is dominated by the effects
of atmospheric waves and oscillations with different scales, including ENSO, AO, SAO,
QBO, planetary waves, tides, and gravity waves. Radar and lidar, using both ground-
based and satellite-based optical instruments, are important observational tools in this
region [1,2]. Furthermore, the method of the resonant scattering of radio waves on artificial
periodic inhomogeneities (APIs) of the ionospheric plasma is used to conduct temperature
measurements in the MLT region [3].

Based on TIMED/SABER data, Gu et al. investigated the semiannual oscillation
(SAO), annual oscillation (AO), and quasi-biennial oscillation (QBO) of the atomic oxygen
volume mixing ratio at 96 km from 40° S to 40° N [4]. They found that the SAO amplitudes
presented two peaks at about 25° S and 25° N, displaying clear hemispheric symmetry. The
AOQO amplitude increased with latitude and showed distinct minima around the equator, as
well as a clear hemispheric asymmetry. Wu et al. conducted research on the diurnal and
seasonal variation of gravity wave (GW) activity in the MLT region and found that GW
activity exhibited 12 h and 24 h periodicity [5].

Irregularities and disturbances in this region are of particular interest. Based on
ionosonde data, Tang et al. found an unusual enhancement of the sporadic E (Es) layer
during a geomagnetic storm event [6]. The response of the Es layer to the geomagnetic
storm was also studied by Resende et al. [7]. Simulation results revealed that a thunder-
cloud charge of 30-100 °C could cause a disturbance in the electron density in the lower
ionosphere [8].

In addition to the irregularities, the variation in the normal D-region ionosphere was
numerically studied by Zhu et al. [9]. The simulation results show that molecular ions, such
as NO*, NO*(H,O)n, H*(H,O)n, CO3;~, and O3, are the main components of ions in the
D-region, and the diurnal change in electron density at low latitudes is more pronounced
than at high latitudes.

In addition to the ion layers, the neutral metal layers and their correlation with the Es
layers are also extensively investigated. Andrioli et al. investigated the occurrence of Es
layers and the influences of wind shear in the formation of C-structures in the mesospheric
metal layers and found a low correlation between Es occurrence and C-structures [10].
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