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Abstract The ionosphere plays a critical role in radio wave transmission,
reflection, and scattering affecting communication, navigation and positioning
systems directly. This study analyzes the disappearance of short-wave echoes
during the extreme geomagnetic storm on 10-12 May 2024 using observations of
digisondes and incoherent scatter radar(ISR) of the Chinese Meridian Project
(CMP). The results show that the short-wave absorption over Chinese regions
caused by X3.9 and X5.8 solar flares on 10-11 May 2024 lasted for a short time,
with interruptions of digisonde short-wave signals at some stations such as MOHE
and YUZH stations were interrupted. During the main and recovery phases of the
geomagnetic storm, the strong ionospheric negative storm reduced electron density,
decreased the critical frequency of the ionospheric F-layer, and raised its peak
height, resulting in incomplete or vanished ionogram echoes over a long period, as
well as distorted or missing automatic calibration results. Observations from the
Sanya ISR of CMP reveal vertical ionospheric drifts at low latitudes on 10-11 May
and a strong negative storm on 11-12 May driven by prompt penetration electric
fields(PPEF) and disturbance dynamo electric fields (DDEFs), which are consistent
with the storm-time ionograms. In conclusion, the long-duration disappearance of
backscatter echoes in ionograms during geomagnetic superstorm is caused by
short-wave interruption induced by the strong ionospheric negative storm and
vertical uplift of the ionosphere. This study improves the understanding of
ionospheric storm effects on digital ionosonde observations and provide a critical
priori knowledge for improving the quality control of ionosonde observational data
and automatic feature extraction during space weather disturbances.

Key words Digisonde, Chinese Meridian Project, Short-Wave Outage, Space
Weather
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g m iiFI%f iRSI ﬂbf%ééf% ﬂhi%é%ffé
BULHRS Buh 1D (°E) (°N)
HFEWENI MOHE MH453 122.5 52.0
HFENEM I CHLG BP440 1163 40
HFENEM I JSHI J$439 76.8 39.5
DS WHWD WH437 121.8 372
HFENEM I YUZH YZ435 104.1 36.0
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HFENSH I NQSN NQ431 92.4 31.7
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H A T 4a k(8] I B A i) L5 R 18] gl ABRERIX
05 5 03 H 02:14 02:22 02:26 X1.6 AR3663
05 B 05 H 05:29 06:01 06:06 X1.3 AR3663
05 B 05 H 11:41 11:54 12:15 X1.2 AR3663
05 B 06 H 05:13 06:35 06:46 X4.5 AR3663
05 B 08 H 01:35 01:41 01:46 X1.0 AR3663
05 B 08 H 04:24 05:09 05:36 X1.0 AR3664
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05 B 09 H 08:33 09:13 09:36 X2.2 AR3664
05 B 09 H 17:27 17:44 17:59 X1.1 AR3664
0B 108 06:17 06:54 07:05 X3.9 AR3664
05 B 11 H 01:10 01:23 01:38 X5.8 AR3664

05A 11 H 11:25 11:44 12:03 X1.5 AR3664
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Fig.6 Observations of SYISR on May 10-11, 2024. (a-g) Electron densities with detection rays from north to sorth,

(h) LOS velocity of zenith direction

4 HEE5RYE

ARFET T TAR B JEHC7 I e DO EE AR T BUH 8 M 250, /04 1 2024 4F 5
1 8-11 R BHER A i 51 51 P e 4 b 2 ot w ] DS v S B A RO I 7 o PRI )« B
A 10-12 H, H#lm5CF SYISR #8500 2 7 22 i & 2 AR S, 1307l S B 205 €
foF2 Al hmF2 Z3™ M Bl 17 2R, B Biskk. 5 H 10 H 6:30UTC #247, X3.9 4% X



14

SRS S T AR S ORI RE s, Horh MOHE YUZH. GLDC. DAZH 3ifi 83 ey P61 & A
BAS 5 W, LA ESE. CMEs Bk RIAJG, F1RARR R R 5 A [ X 4k 1 5 HL 2 2
fi%,5 H 10 H 18:00UTC JF4f, HiLES 2% it -5 FE IR KR PR R 3 T30 1 i3 Io 2 LB AL %
F T 9RO BHRR D 51 A AR S/ T R IR, 55 0 BRE I A I R R 2 R] v FE A O, AT
ST T FLARS 11 A R B IR DOE SR I e i s AR A, Goit T e A
[ 958 A5 A0 ] B 3o T b W PR N ], i SIS ) 20 B2 (0 0 v A3 R R ) X SR BB B 5 1 1 9
PR, W AN AR AR B R A0 T v I BRI P 5 ) X SR 2R B v AR B 2 e /MR AR —
B RIUA BRI . PUES I & b PR 58 A RS 5| S R it o HERR T R 5 | 1) PR MR A
SO, RIUHBE R R ARG, M A RIS 5 58 AV 2k R L g J2 (R ORI I, 40 B B i 1Y)
MOHE 3. CHLG 33 &5 b Wl ey {5 2 ol o W P i 2 BEPR . RFRIN [B] SE G . ARFEIELE A &, A
P F O I — A 2O [ AE 5 1 2 IR DX 3, 560 24 iy F 25 2 1E A A Bk
W PG RS 5 W E s RBOT RIS, BRI BB, Iz ik m 2
RSB ARES , 5 SYISR R0 2 1) 5 3% Hadg it A 2h i 25 2 3 B 1) RSB RN RR 2 8l — 30,
R IX A e b S B 2 s B A B R R O R, BR T PR AR il K
Es ZAY R F )=, BERFAE. BASBONS G SHE. 2REMERE, Mol
FFECT I S A B SR E R, A B S TR 43 foF2 A hnF2 22 A HERA AT 1]
BRI T EEJF A

NP AR, T LASE & HURETE B A0 T B Br ACBH S B0t i s [ 5 1 1 3l 2y S5
FBOEAE P WITE, IR SR Es BRI R FESSI0G0E B 4 m Eb e R A, R AR
TR A e PR T DLIE I N b s R ECEE e 1 R 9 J2 24, (2 B A PR 2 I e 3 65 0 3 1)
i, N ThrgE TAEE R, AIATHEAR,  BRUHT LIS I o) 350 43 2 0500 e BEURE AR EA T N AR 2,
RN L R 55 M B 2% 2] &5 75 AR (35, H@ 7 v B9 J2 R I Il v S 0t = P81 25 8 1 3l o )
B RN AR R 1

o

VR IR [ 5 S KRR Wt 77 TR [ B [ A B IR 55 2 23 [ X3 4l ot
K PR 215 25 8] A A R B e S S R A TE R S8

Sk

[1] JAKOWSKI N, BENIGUEL Y, DE FRANCESCHI G, et al. Monitoring, tracking and forecasting ionospheric perturbations
using GNSS techniques[J]. Journal of Space Weather and Space Climate, 2012, 2: A22. DOI: 10.1051/swsc/2012022

[2] MARUYAMA N. Chapter 9-Storms and substorms-the new whole system approach and future challenges[M]/MATERASSI
M, FORTE B, COSTER A, et al. The Dynamical Ionosphere: A Systems Approach to Ionospheric Irregularity. Amsterdam:
Elsevier, 2019. DOI: 10.1016/B978-0-12-814782-5.00009-1

[3] WANG C. New chains of space weather monitoring stations in China[J]. Space Weather, 2010, 8(8): S08001. DOI:
10.1029/2010SW000603

[4] WANG C, CHEN Z Q, XU J Y. Introduction to Chinese meridian project-phase II[J]. Chinese Journal of Space Science, 2020,
40(5): 718-722. DOL: 10.11728/cjss2020.05.718

[5] BIBL K. Evolution of the ionosonde[J]. Annals of Geophysics, 1998, 41(5/6): 667-680

14



15

[6] REINISCH B W, GALKIN I A, KHMYROV G M, et al. Advancing digisonde technology: the DPS-4D[J]. AIP Conference
Proceedings, 2008, 974(1): 127-143

[7]1 REINISCH B W, GALKIN I A, KHMYROV G M, et al. New Digisonde for research and monitoring applications[J]. Radio
Science, 2009, 44(1): RSOA24. DOI: 10.1029/2008RS004115

[8] WANG Shun, CHEN Ziwei, ZHANG Feng, et al. A new design for digital ionosonde[J]. Chinese Journal of Space Science,
2014, 34(6): 849-857 (MM, FREM, 5k, % CAS-DIS HFBBERNSNRFHFI[I]. =ERIFFIR, 2014, 34(6):
849-857)

[9] CHEN Z W, GONG Z Q, ZHANG F, et al. A new ionogram automatic scaling method[J]. Radio Science, 2018, 53(9):
1149-1164. DOI: 10.1029/2018RS006574

[10] CHEN Zhiging, WANG Guojun, ZHANG Feng, et al. Digisonde prototype testing and data quality comparison analysis for
Phase II of Chinese Meridian Project[J]. Reviews of Geophysics and Planetary Physics, 2024, 55(1): 37-52. DOLI:
10.19975/1.dqyxx.2023-004 (5%, EEE, K, & FFIE_HEEREFNSUENNL SRIEREN LS
). HER S TEDIELTE(PERX), 2024, 55(1): 37-52)

[11] KIL H, KWAK Y S, PAXTON L1, et al. O and N, disturbances in the F region during the 20 November 2003 storm seen
from TIMED/GUVI[J]. Journal of Geophysical Research: Space Physics, 2011, 116(A2): A02314

[12] YU T T, WANG W B, REN Z P, et al. Middle-low latitude neutral composition and temperature responses to the 20 and 21
November 2003 superstorm from GUVI dayside limb measurements[J]. Journal of Geophysical Research: Space Physics,
2021, 126(8): €2020JA028427

[13] HUANG C S. Identification of penetration and disturbance dynamo electric fields and their effects on the generation of
equatorial plasma bubbles[J]. Journal of Geophysical Research: Space Physics, 2023, 128(11): €2023JA031766

[14] AAE, ZHANG S R, ERICKSON P J, et al. Significant mid-and low-latitude ionospheric disturbances characterized by
dynamic EIA, EPBs, and SED variations during the 13-14 March 2022 geomagnetic storm[J]. Journal of Geophysical
Research: Space Physics, 2023, 128(8): €2023JA031375

[15] OYAMA S, VANHAMAKI H, CAI L, et al. Thermospheric wind response to March 2023 storm: Largest wind ever
observed with a Fabry-Perot interferometer in Tromse, Norway since 2009[J]. Space Weather, 2024, 22(3):
€2023SW003728

[16] VARGHESE B, THOMAS V, ABRAHAM A, et al. Response of equatorial ionosphere to the September 2017 geomagnetic

storm: a case study using digisonde observations at Fortaleza[J)]. Indian Journal of Physics, 2024, 98(14): 4643-4650. DOL:
10.1007/s12648-024-03217-0

[17] OIKONOMOU C, HARALAMBOUS H, PAUL A, e al. Investigation of the negative ionospheric response of the 8
September 2017 geomagnetic storm over the European sector[J]. Advances in Space Research, 2022, 70(4): 1104-1120. DOL:
10.1016/j.as1.2022.05.035

[18] PAUL K S, HARALAMBOUS H, OIKONOMOU C. Ionospheric response of the March 2023 geomagnetic storm over
European latitudes[J]. Advances in Space Research, 2024, 73(12): 6029-6040. DOI: 10.1016/j.asr.2024.03.026

[19] TSAGOURI I, ANNA B, KONSTANTINOS K, ef al. Identification of large-scale travelling ionospheric disturbances
(LSTIDs) based on digisonde observations[J]. Atmosphere, 2023, 14(2): 331. DOI: 10.3390/atmos1402033 1

[20] CHEN 'Y H, AAE, YUAN T J, et al. The extreme depletion of ionospheric electron density and its hemispheric asymmetry
during the May 2024 storm[J]. National Science Review, 2025, 12(10): nwaf307. DOI: 10.1093/nsr/nwaf307

[21] PAUL K S, HARALAMBOUS H, MOSES M, et al. Effects of the October 2024 storm over the global ionosphere[J].
Remote Sensing, 2025, 17(13): 2329. DOIL: 10.3390/rs17132329

[22] CHARTIER A T, SMITH N D, MITCHELL C N, ef al. The use of ionosondes in GPS ionospheric tomography at low
latitudes[J]. Journal of Geophysical Research: Space Physics, 2012, 117(A10): A10326. DOI: 10.1029/2012JA018054

[23] REINISCH B W, GALKIN I A. Global ionospheric radio observatory (GIRO)[J]. Earth, Planets and Space, 2011, 63(4):
377-381. DOL: 10.5047/eps.2011.03.001


https://www.cjss.ac.cn/search/author?author=CHEN%20Ziwei
https://www.cjss.ac.cn/search/author?author=ZHANG%20Feng
https://doi.org/10.1016/j.asr.2022.05.035
https://doi.org/10.1016/j.asr.2022.05.035
https://doi.org/10.1016/j.asr.2024.03.026.

16

[24] LAN T, HU H, JIANG C H, et al. A comparative study of decision tree, random forest, and convolutional neural network for
spread-F identification[J]. Advances in Space Research, 2020, 65(8): 2052-2061. DOI: 10.1016/j.asr.2020.01.036

[25] XIAO Z W, WANG J, L1J, et al. Deep-learning for ionogram automatic scaling[J]. Advances in Space Research, 2020,
66(4): 942-950. DOL: 10.1016/j.as1.2020.05.009

[26] WANG Z, ZHAN M Y, GAO P D, ef al. Automatic detection and classification of Spread-F from ionosonde at Hainan with
image-based deep learning method[J]. Space Weather, 2023, 21(11): €2023SW003498. DOIL: 10.1029/2023SW003498

[27] LIU W, HUANG X X, WEI N, et al. Automatic scaling of vertical ionograms based on generative adversarial network[J].
Radio Science, 2025, 60(3): 1-11. DOL: 10.1029/2024RS008123

[28] WANG C, XU J Y, CHEN Z Q, et al. China’s ground-based space environment monitoring network-Chinese meridian
project (CMP)[J]. Space Weather, 2024, 22(7): €2024SW003972. DOIL: 10.1029/2024SW003972

[291 HAO H L, ZHAO B Q, WAN W X, et al. Initial ionospheric ion line results and evaluation by Sanya Incoherent Scatter
Radar (SYISR)[J]. Journal of Geophysical Research: Space Physics, 2022, 127(9): €2022JA030563

[30] YUE X A, WAN W X, XIAO H, et al. Preliminary experimental results by the prototype of Sanya Incoherent Scatter
Radar[J). Earth and Planetary Physics, 2020, 4(6): 579-587

[31] YUE X A, WAN W X, NING B Q, ef al. Development of the Sanya incoherent scatter radar and preliminary results[J].
Journal of Geophysical Research: Space Physics, 2022, 127(8): €2022JA030451

[32] YUE X A, WAN W X, NING B Q, ef al. An active phased array radar in China[J]. Nature Astronomy, 2022, 6(5): 619

[33] SATO T. Sudden f;,i, enhancements and sudden cosmic noise absorptions associated with solar X-ray flares[J]. Journal of
Geomagnetism and Geoelectricity, 1975, 27(2): 95-112

[34] TAO C, NISHIOKA M, SAITO S, et al. Statistical analysis of short-wave fadeout for extreme space weather event
estimation[J]. Earth, Planets and Space, 2020, 72(1): 173. DOIL: 10.1186/s40623-020-01278-z

[35] MA H L, ZHANG LY. Attention-based framework for weakly supervised video anomaly detection[J]. The Journal of

Supercomputing, 2022, 78(6): 8409-8429. DOI: 10.1007/s11227-021-04190-9

E—EEMREEEEN
BRI 4, 1990 4 4 F HAETITIEHM T, BLgeh BRI 52 R e 0 BB
RN Wit PEL Yt oo N PRa

16



