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Abstract

mosphere (approximately 83 km high), have a seasonal onset that serves as an important parameter for

Polar Mesospheric Clouds (PMCs), as ice crystal clouds formed in the middle and upper at-

studying the coupling processes between thermodynamics and dynamics in the polar mesosphere. Based
on multi-source observational data from 1979 to 2023, the long-term evolution characteristics of the on-
set of PMCs in both hemispheres are systematically analyzed, and their correlations with the reversal
time of stratospheric zonal mean wind and solar activity are examined. Results show that there are sig-
nificant differences in the onset of PMCs between the two hemispheres: the interannual variation (with a
standard deviation of 22 d) in the southern hemisphere is about twice that in the northern hemisphere
(11 d), which may be related to differences in thermal and dynamic processes such as inter-hemispheric
circulation modes and the intensity of gravity wave activity. In the southern hemisphere, the onset of
PMCs season exhibits a very strong positive correlation with the reversal time of the stratospheric zonal
mean wind, while in the northern hemisphere, although a negative correlation is observed, the approxi-
mately 60-day difference does not directly indicate a causal relationship between the two. The regula-
tion of the onset by solar activity (Lyman-a radiation) also shows hemispheric asymmetry. In the north-
ern hemisphere, there was a certain negative correlation with solar activity before 2011 that later wea-
kened due to changes in the stratospheric dynamic background, whereas the southern hemisphere exhi-
bited only a weak response. This indicates that both solar radiation effects and dynamic processes may
jointly contribute. In addition, the discrepancies among multi-source data suggest that differences in de-
tection systems and data types can introduce uncertainties in studies of the long-term variation charac-

teristics of PMCs.
Key words Polar Mesospheric Clouds (PMCs), Season onset, Long-term variation, Reversal

of stratospheric zonal mean wind, Solar cycle activity
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seasons and the reversal time of ZMW, (b) the correlation between them

$E3], NOAA-16 SBUV/2 {U£R7E 2003 4F 10 J 3K
PR TR (R, B T 252~273 nm BfE
5, SEGX I B 2 SR R SHE,
AHBCK 2003 — 2004 4EFg FBRFN 2004 4E b2 BR 45
RIS, M 2004 4EFKZIFAR, H 175 [ 1 4 2
Wb, 2005 4 EE BT

HE—2, nT LI e vk R A4, A8 e N
BRI [R5 )2 K SO SRR G R
FRAE & 2(b) 4387, B 2 BR 2 S A B[] A A ) 580
F AN 5 £ 1] - 35 AU I ] 190G 3 6 B LR RS [R] 9 A
KMk AR AR AR R Z ] oF- 35 XU A B ] (RRRE T 2
H), AR BRA AN 1 B 2P BR 2 1R AR i ], 2 )
RITRMEMEN 1 IS4 (ENFERIEMKL), T
LT Fb 5 A5 PRAR L OC 2 1) 225 2 . O
N, BEEEUS (Freq) 1R300 27 A 4 15 8] 5 26 1) °F
a3 XU B 1) 22 TR0 A5 AR i 9 TR AH DG 56 3R, MG R B
r{E-H 0.9548, /R o Z LT RUIE e, Hi 3k
1 81 R AR 0.7744, 8 B 1 J2 A3 S5 i B B i
1d, Z2 1RSI B [ AH R B AT ZY 0.7744 d. 2B S
(IWC) WA BRI IEA KR, rfHh 0.8045, HiEa
PR AR R 0.7680, 6B -3 )2 K7 I s Fei 4
HI 1 d, 2= LR I AR N $E FT2Y 0.7680 d. [R)#FH,
B O (CIPS) WA SR I IEAHSCE R, rH N
0.8171, H LM [ H &R 0.6587, Bt J2

A3 % B T 1 d, 20 RS R D) A R 4R AT 2
0.6587 d. MLk AHELL (SOFIE) 1% 5215 4 it 1]
55 45 1) SR AU B s 1] 22 [) o — ) IEAH E R, A
KFREL rHR 0.5124, HESHL M RIHREA 0.2842,
WIS 02 K37 SO BB 1 d, ZEAT A AR e ) A
PERTZY 0. 2842 d. WEEHIM, (Freq) IEAHSEMERSR, H
AR B SR AS A (A O R, BT R AR
IR B R e R 2T S 4f H S 26 ) P
WU AR G R R .

XEFAEEERIN S, B 3(a) #E—2 00 T &1k
by Bsf [ 5 &3 1) S 359 RUSL 2 I TR (R AR fR i 3. 25 SR 3
B, ZFIPARRI B —8k, RS TE 1991 5
FIBEAETERLSS I AR G R, (G 25 PR AR,
FLRTIT T, i 1) 35 KU B ) B 24 A 2y s ] o35
PERTZY 60 d. T & Z AAELE R st )Rl fe , o7
)2 R AR ME XS RO 25 T S 2% 1 7= A B e L
EPERYFZ . PRI, JEPERBOE 2= 1 b i )
L AT BE T N 2%, BRF I ZE XA AL, i AT fg
ZF B 2R EE | ARV L S TG sh A R A
EEEEESS

Kl 3(b) it — 47 T A RIS 45 N 25 i dm B
[i] 5 26 [ SF- 5 KU B BsF T 22 [ ) BOAH G G 2R Ak
RAELE PP XU TE] (A T2 H), bR A
7 AR 2 ER AT R AR R, 2T AR FORA N 1



IR A U R FAAS Y R 0 KO RACHAE R L B &

o u
Freert

Day from solstice / d
iR
[¢]

K 3

305
» Freq *IWC
SOFIE CIPS
: (b)
o
= 04 .
2 M ¢
ERRIN
: 3 pob ™ .
g 8 1 o gy o™ r=,05817
£ 315 AN L
g @ s b
S 5 207 r=-06803 et "t P,
"‘_5 ‘:% -25+ ® . ':. % &
& 0O -304
(<5
180 3 -35+ -
o
200 A0
-140 -120 -100 -80 -60 -40

Reversal of zonal mean wind / d

1979—2023 4L ERBOL = FE IR I 8] 55 4i i) P KA AENE. (a) Z 10 AR I R]5 25 1] -2 X

SRR AAFPRAEAE, () AN Z TR Ui 6] 5 2 17 132 JRUSC e P Tl ) AR S A

Fig. 3

Correlation between the onset of PMC seasons and the Zonal Mean Wind (ZMW) in

the Northern Hemisphere (NH). (a) The interannual variation between the onset of PMC seasons and

the reversal time of ZMW, (b) the correlation between them
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Fig. 4  Spatio-temporal distributions of temperature and zonal mean wind over the Southern Hemisphere

during 2009. (a) Zonal mean temperature field from ERA5 reanalysis data within 60°S—90°S latitude.

(b) Daily-averaged temperature observations from SOFIE, covering 64°S—82°S latitude. These two datasets

enable cross-validation of temperature measurements. (¢) ZMW field from ERA5 across 60°S—90°S latitude.

(d) Vertical temperature profiles from SOFIE at four distinct altitude layers
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Interannual variations of the onset of PMC seasons and solar radiation in both

Northern Hemispheres (NH) and Southern Hemispheres (SH) from 1979 to 2023
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