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Abstract

This study investigates various ionospheric and thermospheric disturbances around the Korean Peninsula

during the Gb geomagnetic storm occurred on May 10, 2024. This level of storm was the first of its
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magnitude in 21 years, resulting in auroras visible even in South Korea and severe space weather
worldwide. The Korea Astronomy and Space Science Institute has been providing ionospheric information
over Korea through total electron content (TEC) measurements from the Global Navigation Satellite System
(GNSS) and monitoring the impact of ionospheric disturbances on GNSS signals by operating five GNSS
scintillation stations in Korea and other countries. During this storm period, large amplitudes of TEC
variations were observed over South Korea, along with anomalous TEC enhancements accompanied by
strong scintillations at night and persistent TEC depletion on the dayside during the storm’s recovery phase.
Such daytime TEC depletion disturbances are quite rare, typically occurring only a few times throughout
the 11-year solar cycle. While the association of persistent TEC depletion during the daytime with neutral
composition disturbances was identified through observations, the causes of TEC enhancement and
strong scintillation at night remain unclear. We speculate that the uplift of the ionosphere by storm—-induced
electric fields is responsible for the TEC enhancement and scintillation, but this hypothesis requires

validation based on additional observational data.
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Fig. 1. Sunspots and CME associated with the May 2024 geomagnetic storm. (a) Giant
sunspot group (AR13664) observed by the SDO HMI. (b) Sequence of CME images from
SOHO LASCO, associated with the G5 geomagnetic storm. CME, coronal mass ejection;
SDO, solar dynamic observatory; HMI, helioseismic and magnetic imager; SOHO, Solar

and Heliospheric Observatory; LASCO, Large Angle and Spectrometric Coronagraph.
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Fig. 2. Solar wind and magnetic parameters, along with auroral images. (a) Solar wind

12
uT (hour

density, solar wind speed, IMF Bz, Dst, and Kp index presented from top to bottom. Kp
indices corresponding to G5, G4, G3, below G3 level geomagnetic storms are marked in
red, orange, yellow, and green, respectively. (b) DMSP/SSUSI aurora observations on
May 10 in the northern hemisphere: (top) before and (bottom) during the storm. The
times of these auroral images are indicated by arrows on the Kp index plot. IMF,
interplanetary magnetic field; DMSP, Defense Meteorological Satellite Program; SSUSI,

Special Sensor Ultraviolet Spectrographic Imager.
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Fig. 3. lonospheric and thermospheric disturbances during the storm. (a) QZSS TEC at
Daejeon GNSS station, along with the Dst index. The green dashed line represents the
TEC level on May 9 for comparison. (b) Comparison of TEC maps before and after the
storm. (c) GNSS scintillations (S4 index) observed at Bohyun (BHAO) and Jeju (JEJU)
stations. Different GNSS satellites are represented by distinct colors. (d) DMSP/SSUSI
O/N, maps over three consecutive days. These maps are synthesized from observations
at successive orbits each day. As the satellite moves westward, the observation times
(UT) shift with longitude. QZSS, Quasi-Zenith Satellite System; TEC, total electron
content; GNSS, Global Navigation Satellite System; DMSP, Defense Meteorological
Satellite Program; SSUSI, Special Sensor Ultraviolet Spectrographic Imager.
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