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Recent Research Progress in Low-latitude
Ionospheric Midnight Collapse of Electron Density
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Abstract The low-latitude ionospheric midnight collapse is a typical structural variation in the night-
time evolution of electron density, reflecting vertical ion transport and its dynamical modulation in the
nighttime ionosphere. Since the phenomenon was first observed, extensive studies have been conducted
by the international scientific community to investigate its morphological characteristics and underlying
physical mechanisms, using a variety of approaches including ground-based radar observations, satellite
measurements, and numerical model simulations. This paper systematically reviews several decades of re-
search progress on the low-latitude midnight collapse, with particular emphasis on its principal morpho-
logical features under different seasonal conditions and levels of geomagnetic activity. Focusing on the
physical mechanisms, we highlight the dominant role of vertical ion drift in the formation and evolution

of the midnight collapse and further analyze the key factors controlling variations in vertical ion drift.
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On this basis, future research directions for the midnight collapse and related nighttime ionospheric dy-

namical processes are discussed in light of recent observational and theoretical advances.
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Fig. 1

(a) Height-time distribution of electron density observed by the Arecibo incoherent scatter radar from

16:00 LT on 16 August to 06:00 LT on 17 August 2011, illustrating two representative midnight collapse events

highlighted by dashed boxes. (b) Temporal evolution of the F-region peak electron density (N, Fy) and

the corresponding peak height (A, F5) during the same interval, with dashed boxes indicating

the corresponding collapse phases shown in panel (a) (modified from Ref. [2])
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Fig. 2

Statistical distributions characterizing the first midnight collapse. (a) Duration, (b) collapse magnitude,

(c) onset time, (d) initial altitude (modified from Ref. [2])
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Fig. 3 Comparison of the statistical characteristics of the first midnight collapse under different seasonal

conditions.(a) Duration, (b) collapse magnitude, (c) onset time, (d) initial altitude (modified from Ref. [2])
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Seasonal comparison of the statistical characteristics of the second midnight collapse. (a) Duration,

(b) collapse magnitude, (c) onset time, (d) initial altitude (modified from Ref. [2])
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