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Abstract Equatorial Plasma Bubbles (EPBs) are among the most prominent plasma irregularities in

the low-latitude ionosphere. Their multiscale morphological evolution and modulation of trans-ionospher-

* EEHESHLZITRITE (2025YFF0510703) FFRRCOE RIS H (95437) FLF 7Y
2026-04-02 W H| 545, 2026-07-27 W EME E

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2026-0068
32142.14.cjss.2026-0068
https://doi.org/10.11728/cjss2026.05.2026-0068
https://doi.org/10.11728/cjss2026.05.2026-0068
https://doi.org/10.11728/cjss2026.05.2026-0068
https://doi.org/10.11728/cjss2026.05.2026-0068

#F

F:REF B TRATEFHES MHRIOL AT R

e

ic radio-wave propagation represent major scientific and practical concerns in space weather research.
This review aims to summarize recent advances in the morphology, magnetic signatures, and scintilla-
tion effects of EPBs, and to identify key issues that require further investigation. Long-term in situ ob-
servations from low-Earth-orbit satellites, including CHAMP, GRACE, and Swarm, are reviewed togeth-
er with complementary measurements from COSMIC radio occultation, ground-based Global Navigation
Satellite System (GNSS) receiver networks, and all-sky airglow imagers. The occurrence characteristics of
EPBs are first examined in relation to solar activity, geomagnetic activity, longitude, season, altitude,
and local time. Previous observations demonstrate that EPB occurrence exhibits pronounced longitudi-
nal and seasonal variability and is strongly controlled by the prereversal enhancement of the eastward
electric field, background ionospheric conditions, and lower-atmospheric forcing. The spatial scales and
three-dimensional morphology of EPBs are then discussed. EPBs are characterized by strong field-
aligned extension, considerable zonal variability, and hierarchical structures ranging from large-scale
plasma depletions to kilometer- and subkilometer-scale irregularities. Their morphology may evolve
through upward growth, bifurcation, merging, and secondary instability development. Magnetic pertur-
bations associated with EPBs are also reviewed. Available measurements suggest that their electromag-
netic signatures may result from plasma diamagnetic effects, field-aligned currents, polarization electric
fields, and Alfvénic perturbations. However, the relative contributions of these processes remain uncer-
tain and require coordinated plasma and magnetic-field observations. Finally, the effects of EPBs on
L-band signals are assessed, including amplitude and phase scintillation, signal fading, loss of lock, and
positioning degradation. These effects depend not only on the large-scale geometry of plasma depletions,
but also on the intensity and spectral distribution of embedded small-scale irregularities. Overall, EPBs
should be regarded as multiscale, three-dimensional, and electrodynamically coupled ionospheric struc-
tures. Future progress will rely on coordinated multisource observations, improved three-dimensional re-
construction, and physics-based modeling. Such efforts are essential for understanding EPB evolution
and improving the reliability of satellite communication, navigation, and positioning systems in equatori-

al and low-latitude regions.
Key words Equatorial Plasma Bubbles (EPBs), Ionospheric irregularities, Swarm satellites,

Magnetic field disturbances, Scintillation effects
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Fig. 1  Seasonal-longitudinal distributions of EPB occurrence rates during periods of higher and

lower solar activity. (a) Observations from the CHAMP Planar Langmuir Probe,

(b) observations from the GRACE K-Band Ranging system
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Superposed epoch analysis of substorm-related disturbances. (a) Residual ESF occurrence rate relative to

the quiet-time background, (b) residual vertical plasma drift relative to the quiet-time background
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Fig. 7

Alfvénic wave signatures associated with equatorial plasma bubbles observed by CHAMP on

14 October 2001. (a)—(c)Magnetic perturbation components in the zonal, meridional and field-aligned directions

under the magnetic field-aligned coordinate system,

(d) and (e) dynamic spectra of the zonal and meridional

magnetic perturbations, respectively, (f) corresponding in-situ electron density profile[%]
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of an equatorial plasma bubble and its associated
current system. (a) Distributions of the plasma

pressure-gradient current, perpendicular magnetic
perturbation, and field-aligned currents near the

western and eastern walls of the EPB,

(b) three-dimensional field-aligned structure of the EPB
and the current closure involving polarization
currents, field-aligned currents, and Pedersen currents
in the conducting layer[%]
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Distributions of the occurrence rate of GPS signal loss-of-lock events onboard Swarm C as

functions of magnetic latitude and time. (a) Variation in the occurrence rate with DoY and magnetic

latitude from 1 December 2013 to 23 June 2016, (b) variation in the occurrence rate with

MLT and magnetic latitude from December 2013 to November 2016
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