0254-6124/2024/44(6)-1047-09  Chin. J. Space Sci. — =AHFFIR

ZHOU Chensha, LAI Chang, XU Jiyao, WU Kun, YUAN Wei. Traveling lonospheric Disturbance Events with Special Propagation Direction Based on
Double-layer Airglow Observation (in Chinese). Chinese Journal of Space Science, 2024, 44(6): 1047-1055. CSTR:32142.14.¢jss.2024-0006.
DO1:10.11728/cjss2024.06.2024-0006

ETXNESEN AT [0
RERITHAMHEL

N 1,2 v 2
JE 2w = wEE
o 3 =+ 2
* = F
L(FEPCHF R = FE=BE B 400065)

2(h ERb B E A A R L SR E KRGS E st 100190)

3(RVHTRAYHG R TRA B KY 410114)

 OE 2011—2021 47, (0 EILA 2R BT TREEE A3 (40.4°N, 117.6°F, 30.5°MLAT) 4 K25
S RARAE T 611k R E & 217 i X 48 3 (Medium-scale Traveling Ionospheric Disturbance,
MSTID) S, o 589 Y LR Y PY g [ (&4, 22 YR AR VU R 0] 2 4% . Sy 1 Bl P ok e A U 24 7 1] )
MSTID &4, 2R FHHbIE PRIV 9 OT 630 nm 1 OH I £1 713 BE S EHUE Xtk MSTID AR HE 13 (Atmo-
spheric Gravity Wave, AGW) &S5, SFEGEERFRIGERE, #R1T T ALV £ H#5 19 M8 MSTID 441 TE sl
il 45 R R YT, 24 MSTID Al AGW & 48 J7 o) AT I, E i AGW UK 19 Perkins A FaE 1 1 AR 2 08 UiX 2R
MSTID HHLH], i FE T ARACT7 1 A3 v AL 77 1 e i i) 0k (a3 Bt oy, s PRI AR, AGW BREE 5 i 3 42
R UL R, 2O LR MSTID Si0F; IR MSTID AEA EIIMEZSH, FTREIR A E-F fia L.
KA AR RIS, KR E I, AR SHERRAYL, VR A

HPESES P35

Traveling Ionospheric Disturbance Events with
Special Propagation Direction Based on
Double-layer Airglow Observation

ZHOU Chensha'  LAI Chang'” XU Jiyao’
WU Kun®  YUAN Wei®

1(School of Science, Chongqing University of Posts and Telecommunications, Chongging 400065)

2(State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

* P EBEEFE RS EFEAATLETE (2021QNRC001) FlZs [8] KA 24 FE 5 5 i 5206 2= FFem H 37 55 By
2024-01-08 W H| 545, 2024-03-31 W EME E i

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


32142.14.cjss.2024-0006
32142.14.cjss.2024-0006
https://doi.org/10.11728/cjss2024.06.2024-0006
https://doi.org/10.11728/cjss2024.06.2024-0006
https://doi.org/10.11728/cjss2024.06.2024-0006

1048 Chin. J. Space Sci.

= A AR

3(School of Physics and Electronic Sciences, Changsha University of Science and Technology, Changsha 410114)

Abstract The all-sky airglow imager at Xinglong Station (40.4°N, 117.6°E, and 30.5°MLAT), has
captured 611 Medium-scale Traveling Ionospheric Disturbance (MSTID) events from 2011 to 2021 in the
630nm wavelength band. Among all events, a notable majority of 589 demonstrate typical southwest-
ward propagation characteristics, while the remaining 22 events propagate in other directions. To delve
deeper into the understanding of these atypical MSTID events, a meticulous examination was underta-
ken utilizing ground-based coordinated observations of OI 630 nm and OH near-infrared airglow images.
From each non southwest direction—northeast, northwest, and southeast—one representative event was
selected for detailed discussion. The analysis includes comparison of various parameters associated with
MSTID and Atmospheric Gravity Waves (AGW), ray tracing algorithm, and wind field data. Based on
the analysis and previous references, the possible sources of the MSTIDs were concluded as follow.
MSTID events exhibiting congruent propagation with AGW may be attributed to the Perkins instabili-
ty induced by upstream AGW propagation. This explanation is plausible for events propagating towards
the northeast and some northwestward events, since AGWs propagating to the directions similar with
the simultaneous above MSTIDs were spotted in these events. The fluctuation from broken AGWs is fil-
tered by the eastward neutral winds during twilight hours. Normally, only the westward components
pass through and continue propagating upwards, which leads to the westward MSTID event discussed in
this paper. Comprised with the northwestward event, the relative intensity of the westward event is
small, also indicating the westward event may be triggered by the broken AGWs. Solitary wave MSTID
events, characterized by their absence of periodic structural features, are posited to originate from the
coupling between the E and F layers of the ionosphere, rather than being directly influenced by AGW
phenomena. This comprehensive analysis not only advances our understanding of the generation of
MSTIDs but also underscores the intricate interplay between various atmospheric processes in shaping

ionospheric disturbances.

Key words MSTID, AGW, All-sky airglow imager, Non-southwestern propagation
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Fig. 1  Simultaneously observed northeastward MSTID (a) and AGW (b).
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traced positions. The black and green lines respectively represent the wave fronts of MSTID and AGW
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Table 2 Northwest MSTID and southwest AGW event parameters
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MSTID 195426 162.5+£2.2 836+12 0.27 33347
AGW 5543 35.040.6 635437 0.22 11241
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Fig. 5 Solitary MSTID (a) and AGW in OH airglow below (b). The wave forms are marked by red dashes.
The dark stripe in subgraph (a) is a solitary MSTID propagating southwest
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Table 3  Solitary MSTID and AGW event parameters
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