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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.

o] 1 AA] £F, A=A sk AEFelA

Keywords : geomagnetic storm, ionospheric disturbance, scintillation

1. NE

20249 59 129, 7% o)A 9 2alE "k Axlo] 9Jolt). @ &@alrt A= Ul
e ARl 222} BFdA(aurora oval)ollA Ee] EolRl Eluzild ezeks Hrle
% 5 9= 200349 104 HAs AEdolA F2 222hE A5 olF2 2149 1] o]

cH1l
SERE A7 Yol 08 A YA AT 1ok R Aifg AR, A7
o717k T ol ESHE FYelA] Lhe dolck oReke A% YRIE FAoR 3

g Hgo = dojdrt gif LR oA YR Eol SoleH o] 1ﬂ7 wolAd Ha
LEHE H7] & AdoAe & 4 oy, fuThe 18] F4olA Ee qlo] E7 of
Hrh 22 219 ghof] dofd gt B i AR] £F g, S uEelAE 2
ZEE B 2 Q)

B IR U2 EAvke A7 7HA AL Qlo] Al AP A A9, douA|
YA7E AFE S0let 9 S AA vt S5] AR YRRt At M BTAIA
T4 Al dTHAARC FFE F J1F9d0] v e ARnE Ao b7 Y

= o] 949 1 =5 dojzd 4 qick 20224 2¢¥ AERA 94 387t ek Aw
o] Wizo g2 AHFH2-5]. ool Dot e FI2 X|Hof| 1L 5H(GS) ARV 25
AOoF, el T A At $58ES A HIAH

webA o] =EollAlE AR ATo] ARt & AARE AP FA] AILEA TSR
AmE FHOE o G5 AR] £F o Ut A9 dejdo] ofd #E AR
A E Y, T3 HkE dozl YUlo] FoilX] Fojkt,

Ao

https://www.jstna.org | 211



H

(b

20244 58 XNAY| £F S T Y

0K

2|

1

st

212 | https://doi.org/10.52912/jsta.4.3.210

2.2024'4 58 9 EHY ZFE} X|X}7| wE

ol G5 AA] EFES <ol HY¥ ZUL Fig. 1@l Eol= =Y FA&S] AR13664
&5 FGolA Dol A 154 B 2718 71Kty S3ollAl 59 99 084 45
EUT)F X2.353 EHY ZFo7F 23T, XA 094] 13874 F13dS 7|23, o9
Sute) F2U 42 9H&{(coronal mass ejection, CME)0] dojut 713+ 712 SapAnl o
g7t Bt &= 1,250 km/sEFH1 & 1,893 km/9R A2 FHCH). Fig. 1b)=
SOHO(Solar and Heliospheric Observatory) 9/doll A& LASCO(Large Angle and
Spectrometric Coronagraph)°llA] &3t A|7to]] W2 CMES] £& I5S HoJErHo]. o]
H Edoiet CME= §33] Ao LotATE 94 0| tof 2 CMEEY o808 B3
gk A7) 27} Ao G55 A7) FHFo] WS 2 o= Helrh

o] CMEx= 5% 10¢¥ 16:36 UTA A7toll Tabsf At A7 1= wetAZlh Fig. 2(a)= ©
FT Ve &5, P4 1 AV, AR FFQ] AIZIE UEE Dste Kp A2 Azt
w2 Hslolot. HiRE YEot 7t 7l HYE dAREol ATt AR Eoiot &
A5 {ring current)?] AI7|1E A3t} FE= A BHFE oA HEHS i AlA &
PR MZor 5271, Dst= o] AR7E s A1EY AZIE Hehdch SRt iies
A7 A A7 13 v #efo| g Z|xpr] FFo] Pojubd Dst7t 0Xrt Zopxit. o]
W 227] 504 Dsti= —412 nT7HA] Boj&l=t, ©] 52 2003 10€0] dofd ti+ti

(a) SDO HMI (b) LASCO

2024/05/09 08:36 UT

AR13664

2024/05/09 08:40 UT
2024/05/09 10:12 UT

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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