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Abstract

This study focuses on the extreme geomagnetic storm that occurred during the Mother’s Day period in May 2024
and investigates variations in thermospheric neutral winds and atmospheric composition during the storm. Numerical
simulations will be conducted using the Global Ionosphere-Thermosphere Model (GITM) to clarify the critical effects
of nonhydrostatic processes on changes in the vertical structure of the thermosphere and on energy transport under
extreme geomagnetic storm conditions, as well as to examine different energy deposition mechanisms.

The study will analyze the structure of neutral wind fields at altitudes between 400 and 600 km, the global
distribution of the O/N: ratio, and their relationships with disturbances in ionospheric total electron content (TEC). It
will also investigate the physical processes through which energy injected at high latitudes is transported toward middle
and low latitudes during geomagnetic storms, with particular emphasis on the mechanisms responsible for
interhemispheric asymmetries between the Northern and Southern Hemispheres.

To evaluate the reliability of the simulation results, comparisons with observational data will be conducted. The
findings of this study are expected to improve our understanding of the limitations of existing empirical models in
predicting thermospheric and ionospheric responses during extreme space weather events. Furthermore, the results will
provide a physics-based foundation and valuable reference for improving orbital drag models for low-Earth-orbit

satellites and enhancing the accuracy of space weather forecasting,
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