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Effects of Large-Scale Space Weather on the Earth’s Upper Atmosphere from
Satellite Orbital Changes
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In this study, we investigate the relationship between solar activity and thermospheric variations using GPS data from the
low-Earth orbit CubeSat NinjaSat in 2024, a year of exceptionally high solar activity with some of the largest flares and CMEs
in history. Orbital altitude changes derived from GPS data were compared with those propagated from NORAD Two-Line
Elements (TLEs), allowing extraction of atmospheric drag effects with high time resolution.

Our statistical analysis reveals a delayed response of orbital altitude decay to solar EUV irradiance. Variations in shorter
EUV wavelengths (25.6 — 30.4 nm) show a delay of 30 — 36 hours, while longer wavelengths (117.5 — 140.5 nm) exhibit a
delay of 48 — 54 hours at 500 km altitude. These results demonstrate that the thermosphere responds on distinct timescales
depending on EUV spectral range.

Furthermore, by removing EUV-driven effects, we examined atmospheric responses to extreme geomagnetic storms trig-
gered by major CMEs in May and October 2024. Correlation analysis with geomagnetic disturbance indices indicates con-
tributions from auroral electrojet as well as Joule heating.

Overall, our results show that during quiet periods, solar EUV heating is the dominant driver of thermospheric density
variations, whereas during extreme geomagnetic storms, Joule heating becomes significant, rapidly enhancing atmospheric
density at higher altitudes.
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