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Global Ionospheric Response to the Geomagnetic
Storms from March to April 2023
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(Qingzhou High-tech Institute of Shandong Province, Weifang 262500)

Abstract By using the global ionospheric data provided by IGS, the sliding quartile range method is
employed to study the ionospheric disturbances during the two geomagnetic storms occurred from March
to April 2023, striving to provide theoretical basis for the distribution characteristics of ionospheric dis-
turbances caused by geomagnetic storms under strong solar radiation background during the peak year
of solar activity. Results show that both geomagnetic storms were caused by the CMEs generated on the
surface of the Sun facing towards the Earth, which reached the Earth and triggered an increase in the
velocity of the interstellar solar wind. The CMEs carried a southward magnetic field component and
high-energy particles, causing magnetic reconnection with the Earth’s magnetic field and triggering geo-
magnetic disturbances. When other factors such as dark stripe bursts are superimposed on the coronal
mass ejections, the intensity of geomagnetic storms are enhanced, causing significant differences in the

occurrence and distribution characteristics of ionospheric TEC disturbances. The geomagnetic storm that
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occurred on 23—24 April 2023 was affected by the superposition of dark bars and CMEs, resulting in a

stronger intensity and longer duration of the April geomagnetic storm. At the same time, there are sig-

nificant differences in the occurrence process and distribution characteristics of ionospheric disturbances

caused by two geomagnetic storms. The ionospheric disturbances during the March showed an asymmet-

ric distribution in an east-west direction, while the entire process of ionospheric disturbance during the

geomagnetic period in April exhibits a transition from positive phase disturbance to negative phase dis-
turbance. Additionally, in the East Asia-Australia (120°E), the ionospheric TEC in the Northern Hemi-

sphere line is significantly higher than that in the Southern Hemisphere. The amplitude changes of iono-

spheric disturbances are most significant during the recovery phase of geomagnetic storms, showing a

distribution pattern of positive disturbances at low latitudes and negative disturbances at middle-high

latitudes.
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Fig. 3

Disturbance of ionospheric TEC on 23 March 2023 (The red and blue dashed lines represent the dawn

dusk line, and to the east of the red dashed line is the solar hemisphere)
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dusk line, and to the east of the red dashed line is the solar hemisphere)
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Fig. 6

Disturbance of ionospheric TEC on 24 April 2023 (The red and blue dashed lines represent the dawn

dusk line, and to the east of the red dashed line is the solar hemisphere)

LB PR AR X Sl B B 24 k-5 TECU i L 5 )23
TR BIX. Bl MR R ek, P32 TEC 1
AHPE Bl DX A8 LA 7K, S BE N T i, A1) o2
AN I8 LA Rg 0 3G Bl DX 80 a8 G S B . 08:00— 14:00
UT W81, Gk Sh 52 i BB R VG v AR I 12 25K
HEMPEI, 35 e kik —40 TECU (WE 6). ZJ5, b
% R A AR Y B, F S SR Bl B 2 e 5
% 25 H 00:00 UT, BR AL A7 75 38 B2 AH AT
SR 2 TEC AP 3h bl (B8 -44 TECU)
Hb, Akl B8 2 O AR G RS

i A B, 4 H 23—24 H LAY L ES )2
TR 20 OME JeJ5 Rk HhBR 18 s b i (14 P
WALSAIXT . W5 4601 CME B PER 51 &/ 4 H Hs
Tl 2% BN L B R S B W] 3 T CME H— R &R
G103 F MR B0 i B R PR sh s B, 2
R Bk, A, 4 A 23—24 HRIH 24030
H E AR B R AR 2, 1 3 A 23—24 H AR Y
LB RS I LA S AR Bl ok .

SRy — 20 53 b b 0 2 B ) AR TR — R A L
JZ TEC 2B 1B 0L, X BT 120°F 76 B b2 Bk 45 1 B



MEF 5 2023 4 3—4 A HomE RN AR B BRSO

3N RT3 B2 PR VR b e B 3T LS )2 TEC (1)
mHalAEfe ik (DL 7 AN 8). &R, 2Bk
JZ TEC 2 ARG, Jb2F3kn) TEC & & 0%
P ek, mRE b X I B . LR AT, A
PR s B e T 3—4 A, KBH B AR TE
G R T A2l , A6 BRET R K P R S T
R BR, R b X 2SO A4 A BH 8 S 5 T o 2
DX, RIS B ERAR A S R RS e 2
X, HLBFERE R, TEC & ot B .

MHLEZE TEC BN EERE, iz m, Rl
B RGBS ARIY B, HL B R S AE A Z b DX A A
Pesh H a2 ekom FAPBR, 10 b s 26 1 X 3.

150

P 1227

3 4hit

254 R S5 A 2 e R S AL i A B PR 7 5L
it o A S 0 SR s A 1% b R SO DA B
IGS $2 At B )2 TEC £l , SR ¥ sl U 4347 B v
X 2023 4F 3—4 H %2k S A I T U M i R S 19 1]
LGSR M N G DA T T AT g, EBESRR.

(1) U A 2 37 el K B 1) b sk — iy FI 2 1
FEA ) CME Bk HbER, 51 %47 B bR A BH XU B 1 i,
BP0 0 47 53 5 A0 RE R T 5 MR 37 A
I, PEOR MG 25 . SRS AR T, 2023 4F
3 H 23—24 HWIE L&A R 2% CME $—H &

120

TEC/TECU
W N O
2 o8

150

120+

O
(=]
I

TEC / TECU
D
S
1

30+

00: OO 12: OO OO 00 12: 00 00 00 12: 00 OO OO 12: 00 00: OO 12: OO OO OO 12: OO OO 00 12: 00 00:00

Universal Time (UT)

K7

2023 4 3 H 21—27 HEEFWIRIZLE 120°E AR E TEC 2810 (MR N Huml 2 A i e) BY)

Fig. 7 Changes of ionospheric TEC at 120°E during the geomagnetic storm from 21 to 27 March 2023

(The dashed line represents the period of geomagnetic storm)

150

120+

TEC/ TECU
W N O
223

150

—
O N
S O
I I

TEC / TECU
(o))
<

75°S

W
[=IN )
L

00:00 12 00 00 00 12 00 00 00 12: ()0 00 00 12 00 00: OO 12:00 OO 00 12: OO 00 00 12 00 00:00

Universal Time (UT)

% 8
Fig. 8

2023 4 4 H 21—27 HEGRIINZE 120°E A JE TEC 2840 (MLl Mg 28 & A= I 1R) By
Changes of ionospheric TEC at 120°E during the geomagnetic storm from 21 to 27 April 2023

(The dashed line represents the period of geomagnetic storm)



1228

SN, T 2023 4F 4 A 23—24 H &R BYHbRE R Z I 4
5 CME BINER, (5453 4 H 37K H g 2% 56 5 o o,
FREzR K

(2) PR MR 2351 & TR E oL B )2 TEC
3h, (A B R sl 1) & A S R R sh o A FEIE H A B
2R, BRI, 3 H 23—24 H HumL 230 8] 4 i 5
JE B R BR VG [ ASKFR A, PUEBkLUEARYE
F, FEERAGOHPLE A . 4 A 23—24 H ;2
IF1] %) R TS J2 e B0 A2 I 45 I CMIE e i 31 1k Bk B2 0,
SRR IR Hh IE AR ) i AR B Ak

(3) AR —Z A FL B8 2 TEC RIALFek
TR Rk, A IX e I . 2 )
BT, HAE R R AR B e o B i, R3O
IR b X2 IEARYE B, e 26 Hb DX 7 AH I Bl 43
AR,

S Xk

[1] LI Zhenghang, HUANG Jinsong. GPS Surveying and Data
Processing[M]. Wuhan: Wuhan University, 2013 (ZEfiFfii,
HHF. GPS M S5 HE (M), 4 B, BB BRI
kL, 2024)

[2] NITTA N V, MULLIGAN T, KILPUA E K J, et al. Cor-
rection to: understanding the origins of problem geomag-
netic storms associated with “Stealth” coronal mass ejec-
tions[J]. Space Science Reviews, 2021, 217(8): 84

[3] QIU Na, CHEN Yanhong, WANG Wenbin, et al. Statistic-
al analysis of the ionosphere response to the CIR and CME
in Mid-latitude regions[J]. Chinese Journal of Geophysics,
2015, 58(7): 2250-2262 (KRR, BRHELL, 306K, 45, Pk
X HL B2 4 CIR Hl CME Wil i (9 G2 3534 [3). SR 32
#f%, 2015, 58(7): 2250-2262)

[4] XU Xiaoheng. The Effects of Space Weather on Flight
Delays and Flight Times[D]. Harbin: Harbin Institute of
Technology, 2023 (1f/IMH. 28 [ R SXHLHLLE BRFN KA T 1]
FISZIRIFSE (D). MREE: MEJRIE Tl K2, 2023)

[5) MANDEA M, CHAMBODUT A. Geomagnetic field pro-
cesses and their implications for space weather[J]. Surveys
in Geophysics, 2020, 41(6): 1611-1627

[6) CONTREIRA D B, RODRIGUES F S, MAKITA K, et al.
An experiment to study solar flare effects on radio-commu-
nication signals[J]. Advances in Space Weather, 2005,
36(12): 2455-2459

[7] DING Zonghua, CHEN Chun. Preliminary analysis of the
ionospheric dispersion effect on linear polarization radar
signal[J]. Chinese Journal of Radio Science, 2011, 26(1):
30-34 (T34, M. B2 MO W A b T A 5 51
SMASPHT [J]. R, 2011, 26(1): 30-34)

[8] NIE Wenfeng, HU Wusheng, PAN Shuguo, et al. Extrac-

(9]

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

Chin. J. Space Sci. =AFFFIR 2025, 45(5)
tion of regional ionospheric TEC from GPS dual observa-
tion[J]. Geomatics and Information Science of Wuhan Uni-
versity, 2014, 39(9): 1022-1027 (3¢, WAMhL, B E, 5.
FIH GPS SUIEHHEAT X L B2 TEC $21 [J]. UK
kel BAMFIR, 2014, 39(9): 1022-1027)

QUAN Lin, XUE Junchen, HU Xiaogong, et al. Perform-
ance of GPS single frequency standard point positioning in
China during the main phase of different classified geomag-
netic storms[J]. Chinese Journal of Geophysics, 2021,
64(9): 3030-3047 (&M, FEZEER, $A/NT, &5, o H X 5]
GPS FH R L AEAN IR 28 B 2% AR A 5 LM RE 43T (9],
HIERPIBLA, 2021, 64(9): 3030-3047)

HUANG Weiquan, WAN Weixing, XUE Bingsen. Ana-
lyses of geospace response to the geomagnetic storm in May
2017[J]. Scientia Sinica Technologica, 2019, 49(9): 1051-
1063 (E-MAL, 77 LA, BEWFR. 2017 4F 5 F 28 A Al it
25 (A IR B 43T [J).  E R FEARRE, 2019, 49(9):
1051-1063)

MANSILLA G A. Behavior of the total electron content
over the arctic and antarctic sectors during several intense
geomagnetic storms[J]. Geodesy and Geodynamics, 2019,
10(1): 26-36

DENG Zhongxin, LIU Ruiyuan, ZHEN Weimin, et al
Study on the ionospheric TEC storms over Chinal[J].
Chinese Journal of Geophysics, 2012, 55(7): 2177-2184 (X}
BB, KA, BLER, % P E X A R TEC S 38T
53 (7). HERPIEAIR, 2012, 55(7): 2177-2184)

TANG Jun, GAO Xin, LI Yinjian, et al. Spatial-temporal
variations of the ionospheric TEC during the August 2018
geomagnetic storm by Beidou GEO Satellites[J]. Acta
Geodaetica et Cartographica Sinica, 2022, 51(3): 317-326
(At w#E, ZERME, 4. 2018 4F 8 A #EAEWIAIIL} GEO T
A B )ZE TEC i zs A8k 4 B [J]. M2 242, 2022, 51(3):
317-326)

WANG Ge, WANG Ningbo, LI Zishen, et al. Impact of
geomagnetic storms on ionosphere variability and precise
point positioning application in high latitudes of the north-
ern hemisphere[J]. Chinese Journal of Space Science, 2021,
41(2): 261-272 (FA%, FT0, 2270, & g0 E AL
B e i M X P B 2 A AR B A 2 A v A5 ) [J). 25 ]
BR244, 2021, 41(2): 261-272)

YUAN Jiangang, LI Wang, LIU Shengnan. Global iono-
spheric responses to the strong geomagnetic storm on
March 17, 2015[J]. Journal of Geomatics Science and Tech-
nology, 2019, 36(6): 558-564 (NI, Z=RE, XIS . 2ERE
BEXT 2015 4F 3 A 17 HSRMbRER AR AT [J]. LR
FARZER, 2019, 36(6): 558-564)

MING Feixiong, MA Jinshan. Study on ionospheric anom-
aly during geomagnetic storm by Beidou GEO Satellites[J].
Geospatial Information, 2023, 21(8): 100-103 (I &I, 4
Wi, BERIEIIES GEO TV b B2 S BRS¢ [J]. Ho2s i
{5, 2023, 21(8): 100-103)

LI Weixin, CHEN Yanhong, YUAN Tianjiao. Ionosphere


https://doi.org/10.1007/s11214-021-00860-5
https://doi.org/10.6038/cjg20150704
https://doi.org/10.6038/cjg20150704
https://doi.org/10.6038/cjg20150704
https://doi.org/10.1007/s10712-020-09598-1
https://doi.org/10.1007/s10712-020-09598-1
https://doi.org/10.6038/cjg2021P0331
https://doi.org/10.6038/cjg2021P0331
https://doi.org/10.1360/N092018-00104
https://doi.org/10.1360/N092018-00104
https://doi.org/10.1360/N092018-00104
https://doi.org/10.1360/N092018-00104
https://doi.org/10.1016/j.geog.2019.01.004
https://doi.org/10.6038/j.issn.0001-5733.2012.07.004
https://doi.org/10.6038/j.issn.0001-5733.2012.07.004
https://doi.org/10.11947/j.AGCS.2022.20210013
https://doi.org/10.11947/j.AGCS.2022.20210013
https://doi.org/10.11947/j.AGCS.2022.20210013
https://doi.org/10.11728/cjss2021.02.261
https://doi.org/10.11728/cjss2021.02.261
https://doi.org/10.11728/cjss2021.02.261
https://doi.org/10.3969/j.issn.1672-4623.2023.08.026
https://doi.org/10.3969/j.issn.1672-4623.2023.08.026
https://doi.org/10.3969/j.issn.1672-4623.2023.08.026

AT 52023 F 3—4 A HmE R R AR Y B B e B LT

(18]

[19]

[20]

21]

22]

responses to geomagnetic storms at middle to low latitude
region in different seasons|J]. Chinese Journal of Space Sci-
ence, 2021, 41(5): 746-759 (ZE4EHT, MRHELT, 22 K. PRLE
A B SR AN [ 24 b e O P S0 43T (9], S TRDRL A 241
2021, 41(5): 746-759)

OU Ming, WU Jiayan, CHEN Longjiang, et al. Global
ionospheric TEC and ROTI variations during a moderate
geomagnetic storm[J]. Chinese Journal of Space Science,
2021, 41(6): 887-897 (BRHH, R4HME, BREIT, 55, — K 4FRk
R PR E TEC K ROTI R LS4 [J]. 251l F
SEHE 2021, 41(6): 887-897)

LE Huijun, LIU Libo, CHEN Yiding, et al. Anomaly distri-
bution of ionospheric total electron content responses to
some solar flares[J]. Earth and Planetary Physics, 2019,
3(6): 481-488

LI Yongtao, LI Jianwen, DAI Taogao, et al. Influence of
solar activity on ionospheric TEC change[J]. Chinese
Journal of Space Science, 2018, 38(6): 847-854 (&= W, 2=
=, OB, 45 KRS SxT e ES 2 TEC 2802 43 4T [J].
23 [RFE2AA, 2018, 38(6): 847-854)

ZHAO Yongning, YE Lin, ZHU Qianwen. Characteristics
and processing method of abnormal data clusters caused by
wind curtailments in wind farms[J]. Automation of Elec-
tric Power Systems, 2014, 38(21): 39-46 (¥ T°, M#k, &
3. X7 W 8 B R AR AR B b 37 8 [J). &R
4 A hik, 2014, 38(21): 39-46)

ZHU Juntao, ZHAO Miaoxing, GONG Chaofei, et al. Iono-
sphere abnormalities before the 2017 M,7.0 Jiuzhai Valley
earthquake[J]. Journal of Guilin University of Technology,
2020, 40(2): 372-378 (ARZEHk, WHI 2%, 2B K, 45, 2017 4L

(23]

(24]

1229

FEI M,7.0 FIFZGRAT B2 70 [J] HEAROE TR 223,
2020, 40(2): 372-378)

YANG Keke, LIU Liyou, CHEN Jun. Abnormality of iono-
spheric TEC during earthquake based on sliding in-
terquartile rang method[J]. Journal of Guilin University of
Technology, 2019, 39(2): 427-432 (W 0], XIS/, W%, FE
T U AL RE B i A2 0T 1R] B B9 )2 TEC S8 [J]. ARk
TR, 2019, 39(2): 427-432)

SUN Jialong, LONG Bingxin, QIN Siyuan, et al. Analysis
of abnormal changes of ionospheric TEC during typhoon
Megi[J]. Progress in Geophysics, 2019, 34(3): 936-943 (FME
Jo, Jevkily, UL, % & X Eh HR AR Z TEC 2 LR
HOMHT [J]. shIRPHA R, 2019, 34(3): 936-943)

[25] ZHU Juntao, LIU Yusheng, LIN Zhiyu, et al. Response
analysis of global ionospheric TEC to geomagnetic storms
from august 25~29, 2018[J]. Journal of Geodesy and Geo-
dynamics, 2022, 42(7): 661-668, 674 (RZEMk, X E T, BRI
T, 5§, 2018-08-25~29 W [H] 4 5R L 252 TEC X Hu 2 (1
NEG3 AT [J]. ML i 5 4 3R B 7%, 2022, 42(7): 661-688,
674)

fEE®EN

BEtE 4, 199045 7 A AR
AP, BOLZRE F M TS A
WFFE AT BEE TR, F2ERE5T 7 1) A L )2
Peahid BEOFST | a5 [R5 F MR S B 5

E-mail: yrovzl@126.com


https://doi.org/10.11728/cjss2021.05.746
https://doi.org/10.11728/cjss2021.05.746
https://doi.org/10.11728/cjss2021.05.746
https://doi.org/10.11728/cjss2021.05.746
https://doi.org/10.11728/cjss2021.06.887
https://doi.org/10.11728/cjss2021.06.887
https://doi.org/10.11728/cjss2021.06.887
https://doi.org/10.11728/cjss2018.06.847
https://doi.org/10.11728/cjss2018.06.847
https://doi.org/10.11728/cjss2018.06.847
https://doi.org/10.7500/AEPS20131213010
https://doi.org/10.7500/AEPS20131213010
https://doi.org/10.7500/AEPS20131213010
https://doi.org/10.7500/AEPS20131213010
https://doi.org/10.7500/AEPS20131213010
https://doi.org/10.3969/j.issn.1674-9057.2020.02.016
https://doi.org/10.3969/j.issn.1674-9057.2020.02.016
https://doi.org/10.3969/j.issn.1674-9057.2019.02.023
https://doi.org/10.3969/j.issn.1674-9057.2019.02.023
https://doi.org/10.3969/j.issn.1674-9057.2019.02.023
https://doi.org/10.3969/j.issn.1674-9057.2019.02.023
https://doi.org/10.6038/pg2019CC0111
https://doi.org/10.6038/pg2019CC0111
mailto:yrovzl@126.com

	0 引言
	1 数据来源与研究方法
	2 地磁暴期间的结果分析
	2.1 行星际环境
	2.2 全球电离层响应情况

	3 结论
	参考文献

