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Abstract Severe events at the Earth’s surface and in the lower atmosphere—such as volcanic erup-
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tions, earthquakes, typhoons, thunderstorms, and anthropogenic explosions—can excite various types of
waves. These waves propagate into the middle/upper atmosphere and ionosphere in the form of acoustic
and gravity waves, exerting significant impacts on these regions. Such events provide typical case stud-
ies for investigating the physical mechanisms of coupling between Earth’s various spheres. This paper re-
views the observational and research findings of Professor Xiao Zuo’s team regarding the effects of se-
vere events like earthquakes and typhoons on the ionosphere. The paper also highlights the establish-
ment of a dual-layer airglow observation network over China and the utilization of this detection system
to study the propagation characteristics and effects of gravity waves excited by events such as volcanic
eruptions, typhoons, and thunderstorms in the middle/upper atmosphere and ionosphere. The research
results reveal that although gravity waves generated by volcanic eruptions cannot propagate directly
over long distances in the middle and upper atmosphere, they can achieve extensive and long-range
transmission through ocean-atmosphere interactions. The background atmospheric structure plays a cru-
cial role in gravity wave propagation, with atmospheric waveguides enabling anomalous long-distance
propagation of gravity waves. Although small- to medium-scale gravity waves have difficulty directly
propagating upward to the thermosphere, secondary wave mechanisms can effectively facilitate their
propagation from the middle atmosphere to the upper atmosphere. Furthermore, studies on typhoon

events provide direct observational evidence of how severe lower atmospheric events influence the upper

2026, 46(5)

atmosphere and ionosphere.
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Layout of the double-layer airglow observation network. (a) OH airglow network

with a detection altitude of approximately 87 km, (b)red-line (OI 630 nm) airglow

network with a detection altitude of approximately 250 km
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Tsunamis induced by APWs  (a)

Time: 01:00

Tsunamis directly induced by the Tonga eruption (b)
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Fig. 2 Simulation results of two types of sea waves induced by the Hunga Tonga volcanic eruption[w].
(a) Sea waves excited by atmospheric pressure waves, (b) sea waves directly induced

by the Hunga Tonga volcanic eruption
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(d) ocean waves directly generated by the Hunga Tonga volcanic eruption

(EPB) £ 40 FIBK Sy 2545 IE AL T e 9177 kit s
TR (EPB) ZE5GF- 28 Ao tE AR S sl i
KA, IR 2 G AR X4 45 B 1A
B BRI DX . GBSO, M R I A B A e %
2 i SEA IS S B0 43 (bifurcation) BIRPIRZEF. F

H 2013 4F 10 H %8 23 558 5 K 3E%F (Typhoon Fi-
tow) YERWFFT LM, A58 T FE5E 5 KRR 8] L 25 2
AN KV (0 Y PR AIE . R U2 AR £ I ) 08 T 5
T, BN R 5 A5 | 8 A DR R P 88 2 5 B I
il (Wave-like EPBs) (1L 5). $£F & KU TLRE
DU L K Rt 2 R 2 o BT RT3, U

SERE I A5 B T D K R BRI R SR 280 A AL

PR T T AR A — B AINTZR T3 )= 5
CAE DO Ny A D pU NI MR/

3 inn

Mo AURJZ R SRIZUFAF (B A kg il
R MR G RS WP RE R EER
ﬁ%lﬁlﬁf“ﬂﬁﬁfﬂﬁ,%ﬁﬁﬁt FEL 2 5 1) BRAE 52 401
M Az S X TR L A KSR Z S v 2 1 5
Wa EAT T i P E) 0 B AR BN S5 AE 5, R Ge 4 T Tl
SUSEAEOR A i B R R RIS 14 5 B SRR S H
AR



Chin. J. Space Sci. =RAFFIR 2026, 46(5)

(b)

OI 630 nm at 250 km

. 4
Gravity-wave~

55
50
Secondary waves
45
o 40
<
2
g 35
110 115 120 125 130 135 140
Longitude / (°)
0.07 (4

Tempergture
Latitudg / (°)

é .
= &
120 130
Longitude / (°)

13 XGHA PO EE e B DK 2 26 2 1 v 22 TR 2 DX S A ) S5, () OHL SRR 5 1

SR Fy e 2 T X 3 g 30 B HERIEGE, (b) OT 630.0 i A &5 0 WL ) U2 U 4 T 030k,
(c) ERAS BB m i I Z2 E 1, (d) BEMNM &K &

1180
(a)
50
OH airglow at 87 km '
45F
> 40 Gravity-wave
> breaking
= 351
2 b
5 3 1 =
3 30b , <158
25 : 5 &
- BGH
20 hr .
100 105 110 115 120 125 130 135
Longitude / (°) ()
50
40
E 30 ” - ; ot excitation
!
£
s 208
10
0 B .
100 110 120 130 140 150
Longitude / (°)
K 4
Fig. 4

Typhoon-generated gravity waves and their propagation from the troposphere through the stratosphere to

the mesopause and thermosphere e, (a) Gravity waves and their breaking in the mesopause region observed

by the OH airglow imager network, (b) secondary gravity waves in the thermosphere observed by

the OI 630.0 nm airglow imager network, (c) stratospheric gravity waves revealed by

ERAD5 reanalysis data, and (d) the typhoon cloud system observed by satellite
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