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Analysis of Spatiotemporal Variations in
the Nightside High-Latitude lonospheric
Electric Field Based on CSES Observations
ZhongYang LI' JianPing HUANG' Zhong LI> WenJing LI' ZhiMa

ZEREN' HengXin LU' Qiao TAN' Na ZHOU' Ying HAN?

1(National Institute of Natural Hazards, Beijing 100085)
2(University of Emergency Management, Langfang 065201)
Abstract The ionospheric electric field is a key parameter governing plasma transport
and magnetosphere-ionosphere coupling, yet its long-term behavior at high latitudes,
particularly on the nightside, remains insufficiently characterized by in situ
observations. This study investigates the spatial structure and annual variation of the
nightside high-latitude ionospheric electric field using one year of revisit-orbit
measurements acquired by the Electric Field Detector (EFD) aboard the China
Seismo-Electromagnetic Satellite (CSES) from 4 May 2021 to 4 May 2022.
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Observations from a fixed revisit-orbit group, mainly covering 00:00~03:00 local
time and 65°S~65°N, were analyzed in the Earth-Centered Earth-Fixed (ECEF)
coordinate system to maintain a consistent reference frame for long-term
comparisons. The three-component ULF electric-field waveforms were denoised
using Savitzky—Golay filtering, after which their full-year latitudinal distributions
were compared. The temporal evolution of the Y component (Ey), which showed the
strongest sensitivity to inter-orbit variations, was further examined at representative
fixed latitudes. In addition, EFD power spectral density (PSD) data in the 11.5~12
kHz VLF band were used to characterize the spatial and temporal distribution of
electromagnetic disturbance energy. The three electric-field components exhibited
reproducible large-scale latitudinal structures along the selected orbit, although their
amplitudes varied with observation date. Compared with the X component, the Y and
Z components showed greater dispersion at middle and high latitudes. At fixed
locations, Ey displayed distinct stage-like and quasi-periodic annual variations, with
broadly consistent temporal phases across latitudes but increasing amplitudes toward
higher latitudes. At approximately 62° in both hemispheres, strong and weak Ey
stages persisted for about four and six months, respectively, whereas the transition
characteristics differed at lower latitudes. The VLF PSD was generally stable at
middle and low latitudes but increased markedly near both high-latitude ends of the
orbit. The CH2 and CH3 channels showed the clearest high-latitude enhancements,
while fixed-latitude time series revealed sustained enhancement in the southern high-
latitude region in early 2022 and intermittent events in the north. These results
demonstrate that the nightside ionospheric electric field has a statistically stable large-
scale spatial background superimposed with pronounced latitude-dependent annual
variability. They also indicate that high-latitude regions are more responsive to
magnetospheric forcing in both low-frequency electric-field variations and VLF
electromagnetic activity. The study provides an observational basis for long-term
statistical analyses of high-latitude electrodynamics using CSES measurements and
for further investigations of magnetosphere-ionosphere coupling mechanisms.

Key words High-latitude ionosphere, Electric field observation, China Seismo-
Electromagnetic Satellite (CSES), Power spectral density, Magnetosphere—ionosphere
coupling
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Fig.9 The variation of CH2 channel power spectral density over time at different fixed
latitude positions.
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Table 1 Statistical results of solar elevation angles at six representative latitudes
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