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The formation of current systems in the ionosphere is driven by various factors, including the motion of the neutral at-
mosphere and current input from the magnetosphere, which interact in a complex manner. However, their overall structure
has not yet been fully elucidated. While the two-dimensional characteristics of the Sq current system have long been stud-
ied (Takeda, 1980), its three-dimensional configuration that considers the inter-hemispheric field-aligned current (IHFAC)
remains unresolved. The IHFAC is considered to arise from the potential difference between the northern and southern hemi-
spheres associated with the Sq current system during geomagnetically quiet conditions. Nevertheless, its polarity and spatial
relationship with the Sq current system have so far been investigated mainly through ground-based geomagnetic observations.

Fukushima (1979) reported three key features regarding the polarity of IHFAC: (1) in the dawn sector, the current flows
from the summer to the winter hemisphere, whereas in the noon sector it flows in the opposite direction; (2) the polarity of
IHFAC in the noon and dusk sectors is in phase; and (3) the current intensity is stronger in the dawn and noon sectors than
in the dusk sector. In contrast, Ranasinghe et al. (2019, Earth, Planets and Space) analyzed ground-based magnetic field
data at the Davao Observatory (7° N, 124.5° E) and reported different results from the classical model: polarity reversals
were observed in the dawn and noon sectors around February and October, and the polarities of the noon and dusk sectors
were found to be in anti-phase around June and December. However, these results were derived solely from the east — west
component of the ground magnetic field and thus do not provide a comprehensive three-dimensional description that includes
magnetic field variations at ionospheric altitudes.

In this study, we used the SWARM satellites, which observe the Earth’s magnetic field in low Earth orbit (altitude about
450 — 500 m, orbital inclination about 87.4° ), to analyze the variations of the east — west magnetic field due to IHFAC
when the satellites passed over the observation point of the Davao Observatory in the Philippines (latitude & 5° , longitude
=+ 10° ), where previous studies had been conducted. We then compared these variations with ground-based observations
in terms of seasonal dependence in three sectors: dawn, noon, and dusk. As a result, the seasonal polarity variations in each
sector were generally consistent with those obtained from ground-based observations. On the other hand, in the dusk sector,
while the ground-based observations showed symmetric variations in the D-component around 0 nT, the SWARM satellite
observations at around 450 km altitude exhibited a baseline offset of about 10 nT eastward. This feature persisted throughout
the year and suggests a new seasonal dependence of the southward current.
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