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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

301

0 5%

Itz (Noctilucent Clouds, NLCs) J&—Ffi #£
R ERE RS B X (45 KT 50°) JE vk
fhz, PP EERALY 83 km MR . XX ZHE
BB AS WL b A e BR A A M ] )2 = (Polar
Mesospheric Clouds, PMCs)™?. i T rh g5 2 R A
ARV SRR (B L2924 J LA ppm, 1 ppm=
10°%), PR 25 BT B — 8 SR A 1 3 4% 1
(<130 K) ™ gtz s ek ek 5 At
2 8 J], img BRI E AR 11 A B4R 2 A
ZI8], 33X B [ B N RO = 2% (Polar Mesospheric
Cloud Seasons)”. —JtikHy, FEdLREERIOT NG T4
B ZRTYY 30 d JHas, FFAER )R 60~70 d 45K,
B HAE AN 225 09 T3 I 18] FAE 225 v A R 2
BIA BRI S FORE P, I — RO = i
U ) — A E A ) R

BOCEAE AR — S 2, HIE AL, Ak

HiH 5 ) 2 T X A P L B2 K YA B DTG, T
o ] J2 A AN A 1 78 A 2 57 B R B
JEEh i R TEE], T, DL — SRR RO S
{9 I ] 52 A 2 M A A ST T OGIE. ]
I, AT R IR BR O 2 ZR B It 1 78 A He
P ERF R RIZL, IR RS, 48 R R
3 25 75 85 AR L 52 00 - 972 A e 1 e )
(SN, T AT R A A 2 3 12 S, S T
T 2SR, S B R 2R R,
PR 25 22 9 T ] . Sk [5-7) 1 Ao
TR IR AN ST, % IR BRI & B iy
A 1] 5 3 2 2 ) KU S 2 (A BB ) )
SESR A DG BFS I, 02 K 38 3o o 7 i
AL BT RO & T S A, TSRO
7 ZE AR AR AL S T R XU e ] e . R
i, K E KBS BB S e — S PR b ks o s 2
KAHPIRES, ITTAL T RESE ARG = R ML, T
K B0 2 B, R IR 2 10 K A A



302

SERERILN W 11 AR A, H 5 KRG 2
5 AR CERAE Y, o IR 77 e X
PUATR NS S IR ka3, IS 22 BIRFHIE 51
SO SR T 25 2 A FF 1) £ 5 o AL o) A7 7
EENE, B ERBEIRAL, Fa R ARt T 2
[ A28, 2002 4E 5 2019 4F Rl i )2 28 & PR IR
) el A RN SR AT R, (HR Rk
BRI 25 Z e R oF () I o 8 35 B . AH OG5 it —
AR, U E 8 L MRS IR (Sudden Stratospheric
Warming, SSW) F¢{4- AJ filii 1o i 28 5 ) P a i v J3E
S RB AR AR, W59 )RR N RIE R, DO
G 4 3 0 B 0 9 ' 7 T B B AR A PR L 2 1
W, BNz Ze bR ] (4 52 0 PR R ISR AP A E— 2 1Y
et R SRR B AT N A € i R N S |
FH BT B[] )3 3] F B A 55 01 2= 2 I W ] ) A
FEAFERIZ A K 2R R P RE, KA BT B R A
fiftixX —E M4

ASCRIH 1979 —2023 4 24~ TLE I iy ra L
BRI = Z 8508, o BB A Ay Bk, it
RIS M3, 25 HRAOE = R R I R K
11 & 11 A A /S b 2 o 1 DA Wk o L] N N S
10 HL AR L i ) () S R

1 Bk

1.1 SBUV RIS

SBUV (Solar Backscatter Ultraviolet) % 1) 4%
e — RGN R AR UL 4 X6 O P S R A 7 A 1 55 Ak
gAY, A 1978 4F Nimbus-7 LA I E H &
SBUV LI, SBUV/2 BUH R JEJ5 #5480 T NOAA-9,
11, 14, 16, 17, 18, 19 BRI L T2 LB %51k
BT, 2011 AE RS Suomi-NPP TS — A3 T
OMPS (Ozone Mapping and Profiler Suite), &4
TEFRFEOWI . o0y 3222 H b2 xR AAZ TR
W, AH HE 2 WIS RN 265 nm 38 18 1A U4 A 6
PO 7 HEAT e R B L AR Sl A 3 R
e 4 P IROE R UKOK & 5 IWC (Ice Water Con-
tent) LI KA EZ W) H PR (Occurrence Frequen-
cy) B HEAT oM.

* sbuv.gsfc.nasa.gov/pmc/scans_v3/# sbuv.gsfc.nasa.gov/pme/vd/

Chin. J. Space Sci. =AFFFIR 2026, 46(2)

1.2 AIM-CIPS 5 AIM-SOFIE #7F

NASA ) AIM (Aeronomy of Ice in the Meso-
sphere) T2 T 2007 4F 4 A 25 HIWAHL, IF—H
FOgiE1TE 2023 4E 8 H, LT TH TR =Y
71 SOFIE (Solar Occultation For Ice Experiment)
YRz 2 —, i e AR, B RARHEZY 15 1k
H i HIERO 2z . RATHEIE LR, 78 56 pa b 26
65°—85° ML [, REMSHR AL ERE EE MO = L BREER
SBE PR G LY. CIPS (Cloud Ima-
ging and Particle Size) 14 73 4b—A>EHE AT, 1
ARG LI ERE T, LT TR T UG S ROt = Fl
KA TR L2 AN R . 78 ATM TR R B2 i
f) 2007 — 2013 4E[a], SOFIE Fil CIPS [ 424t T Kk
it PR = B I R i F 2 8ds . A sc 3
SR H SOFIE 2 8 i) IWC, T 55 A S 4L
DL K CIPS L3 C ARG [ B3 E .
1.3 ERA-5 5 MERRA-2 #{iE&

ERA-5 J& i R H 8 KA Hf o0 (ECMWE)
FE AR B ARS8 4, BhaE 17 M\ 1940 4
1 A B ARRAEdE. BRiRAT, ERA-5 EHH)
SRR ZE 137, FoRm JEn] FAE %R 2 80 km (<
JE25 0.01 hPa), BEMEHRAL BRI BN ZF KRS
B, U HIE KB, 3 B EER H ERA-5 B HTEL
PRAEN B 2 80 km (29 0.01 hPa) AR SHOBIRE,
HARAL 5 R IL 4 60°— 90° X I8k 14 - 34935 B 37 LA K 7
b 5 60°1y 26 17 °F ¥1 A 3% . MERRA-2 /& %
NASA F & I GBI, HoKP 2550 HeR
1 0.5°x0.625°, SHEZE R 72, e K AT L%
24 80 km (#7 0.01 hPa). X H{HH T MERRA-2 %X
gt 60°F1 50 hPa = B (1 26 [l F- 2 KU . ¢
F ERA-5 5 MERRA-2 (4l (i xH B H, O A A5
T H AT RBRISE (BRI FiRES) 7
T FA B i — B, S8 T A ST .
1.4 Lyman-oif£

Lyman-o i i 2 K HAE 0 — N EEZSE, %
TP KBRS Sl FRAZ M52 . ASCH T A
PR L2 RFHRKZGS YL (LASP) 38 53X
R BH A R B i o0 LISIRD (LASP Interactive So-

lar Irradiance Datacenter) $2HEf Lyman-o il 5 {H.



IR A B FALAS R 0 KR RACHAE R e B &

2 SBUV 5 AIM #0017 67 K

2.1 HIEAESEHEIEE

o 2 B A1) b i ) 8 RO = ZR AR I e R]. X6
F SBUV R FEHE, T W04 R R SR ) 4 A
BRI R T XU BME A, 750 — 8204 J& [H] 1) 1
H B e 2 /b i 2 7 RAORFEAE 1.5% DL L sE —
K, BEMEA RUE BRI B 2= A B, bt 6 it BE I 26
3£ Hb X ZE BRI A PRI, R 2 = K vk
B TWC>80 g-km *, #E— /> 0 B 5% (10 52
M. %FF AIM-SOFIE 4, %t = Ze iy H i X
Hi RELEM R I IBOL S F 5158 — K,
H S5 0% sh. 78 AIM-CIPS $udliwh, # 44 H & X
N7 R P O B 1.5x10 7 st Y
H 3, 33— SCHA ek i i L ik, #6275 IF
TR S AL T RR . T 56 00 S R, )
Z .

SR 7 VUL 2 8 1) XU B S D, SR FH LR
S X 50 hPa i B REAGER 60°1 26 1) -2 AL (LA
TFGERR AL 1 F-2IR), 2 1 XU B ) s A X
WAL 3 K/ANT 10 mes ' (9 H . sk, TR
BRI 21 AR BT PIAR, AR SCR AT — 4R AR
PUEG AR 7 20, BN, 7em BRI 1980 4F R
M 1980 4EJFETFIAIFFESE 2 1981 4F [ FAERY I BE. %)
T E] 3 6L, X HR AT DFS (Day From Sol-
stice, IH 25 & H BT ]) 1 R 58— A B[] 1S3 AR 1
DFS DA% Hal 7 2 H e, TR — H I
2 H Y REL, PR B R 251K B 22 7 i [a] 341

—+— NH onset, IWC

303

SIHTIREENR , A8 T AN R AR 0 2 (B AR X L.
2.2 BHAZFEBRHENKES A

145 T 1979—2023 4F SBUV R % 3K H
MRS ALEERBOE = 0T B W, Horb B0 2 =X
AT R /4 H R RS IR S MRk
W= RS H W R P8 & PR IR (dbksk:
DFS ~15+11 d. BF5k: DFS —9422 d), {HJ2 25k
2P T B Y 5237 Y L, HOR AR HU B bR o 25 5K
22 d, AALEEREY (11 d) 275, XA FRETE
FEREREF T8 Rt R o€, AR LAk AR E 1
AEBRIEZ, TE R BRI T 58 BB A, B
TEM ARy H BB 3 40 d IS0 A, X EIRE
FE Bk ]2 0 X 0] Rz 2 TR A 2R B -3
A REJR .

ST REERECR IR G 04, 8 e g ek 2
T AR E] 5 26 [ XU B TR A OGP, B 2 (a)
BT 1979—2023 A pg P ERZE T R IR I E] 5 i 1] °F
IR I B[R] A A PRAR A, FEA R AR bR ARy, Ak
FRFER AN TR B E H K%L (DFS), it &
FHZWERA, FEAREZHZFELRLE. K2 (a)
KT SBUV BHEMIAIR (Freq) Sk & (IWC),
SOFIE V) J CIPS 4§ 4 ZEAN[A] ()54 ke off e 22715 ik
YRISHE], LAKZS 1) 3R (ZMW) [ B T
A AXES LI s BEFNES A AT IR AR AR 25 5%, FE 4B
SR I )9 BB EA T 7 B, B A5 SR A0 AT v T
SEPE.ATLAE L, B 1985 4R, ROt a iR H S
& ] - 2 R B I — B AR fb k. (0
2003 —2004 4EF41, SBUV %t A1 A e H B 7 SC

—=— SH onset, IWC

Day from solstice / d

"1
Fig. 1

1979—2023 4FpgJLEERIBOE = ZE B IR TR
Onset of PMC seasons from 1979 to 2023 in both Northern Hemispheres (NH)

and Southern Hemispheres (SH), respectively



304

—=&— Freq
ZMW
CIPS

Chin. J. Space Sci. =AFFFIR 2026, 46(2)

Day from solstice / d

¢ Freq e [WC
SOFIE CIPS
a b
(a) 40 (b)
30+
r=0.9548
o 20+
B .o. ,",'7""’:
& 10¢ r=08043 © e2%
é 0+ o ..”’..‘n’o
£ -10 oo 0
L‘g . &7 8
20+ o5
A 30 %
—40+
-50

-50 -30 -10 10 30
Reversal of zonal mean wind / d

K2 1979—2023 4Fp~FERBOC 5 L AR 18] 55 23 ) P-4 KU AR . (a) 22302 4R A ] 55 26 1] P-4 X
SR AERRAE A, (b) 2219 L A 5] 45 4 i) -2 IKUS A e ] B AR S e

Fig. 2

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

the Southern Hemisphere (SH). (a) The interannual variation between the onset of PMC

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 Y LTI (R, B T 252~273 nm BfE
5, S EGX e I B 2 SR R STE,
AHBCK 2003 — 2004 4EFg FBRFN 2004 4E b2 BR 45
RIS, M 2004 4EFKZIF4R, H 75 [ 4 2%
Wb, 2005 A5 EE BTk

HE—2, nT LI e vk R A 43T, A2 BN
BRI GG B [A] 5 )2 K SO SRR G R
FRAE & 2(b) 4387, B 2 BR 2 A A B[] A A ) 580
F AN 5 £ 1] - 35 AU I ) 190G 5 26 B LR S TR] A9 A
KMk AR AR AR R Zh ] ~F- 35 XU 3 B[] (RRRE T 2
H), AR FRA AN 1 5 2P BR 2 1R R i ], 21t
RBIRMENE N 1 IS L (BIFERIEMKL), HT
LT b5 A5 AR L OC 2 1) 25 R . ORI
N, BEEEUS (Freq) 1R300 27 A 46 15 8] 5 26 1) °F
a3 XU b 1) 22 TR0 A R i 9 TR A DG 56 3R, MG R K
r{H°H 0.9548, /R —F Z LT RLIE e, Hi 3k
1Y B R 0.7744, i BP0 J2 A3 5 i B B i
1d, ZE 1R IR BF [ AH R B AT ZY 0.7744 d. 2B S
(IWC) WA BRI IEA KR, rfHh 0.8045, Hila
PR AR 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 A (CIPS) WA R I IEAHSCE R, rH N
0.8171, H &Ly [ H &R 0.6587, Bt Wi J2

3 B G A B AT 1 d, Y A R A R 4R AT 2
0.6587 d. MLk AHELL (SOFIE) 143 121551 4 it 1]
55 45 1) - B AU B s 1] 22 [) o — ) IEAH E R, A
KZE rHA 0.5124, AL ny nIH R R 0.2842,
WIS 02 X3 SO BB 1 d, ZRAT A A e ) A
PEATZY 0. 2842 d. WS (Freq) 1EA &R, H
A ESCHE B SR AS s (A O R, BT R AR
I AR B R e R 2T S 4f H S 26 ) P
WU A & R .

XEFAEEERIN S, B 3(a) #E—2 08 T &1k
by Bsf [0 5 &3 1) S 359 KU 2 I TR (R AR fR i 3. 25 SR
B, ZFIPARRI B —8, SRS TE 1991 45
Pl BEAETERLSS I AR G R, (HH G W 35 PR AR
FLRTIT T, i 1) 35 KU B ) B 240 A s b ] o35
PERTZY 60 d. T & Z AR R st )Rl feg , o7
)2 R L ARME XS RO 25 T I 2% 1 7= A B e L
SEPERYFZ . LA, JEPERBOE = 1 b i )
A LT AT BE T N 2%, BRI ZE XA AL, i AT fg
ZF B2 EE | ARV L R S TG s A Rl A
ESEEEESS

Kl 3(b) it — 47 T AN [RIECHE 45 N 25 i dm B
[i1] 5 26 [ 3-8 KU B BsF 1] 22 [ 7 BOAH G G 2R R Ak
RAELE PRSI (A T2 H), AL bR A
7 AR 2 ER AT R AR R, 2T AR FRA SN 1



IR A B FALAS R 0 KR RACHAE R e B &

Day from solstice / d

K 3

305
e Freq o [WC
SOFIE CIPS
5 (b)
= o
: _ ] .
- S L]
E 2 > AN o %
g _§ -10¢ o e *% =40.5817
E 3z _ o\
3 89 NN T
=] _ &
S E 20F r=-06803 ek C e
b ‘i -25+% ° bl A | o
s B : .
» 0O -30¢ 8
o
5 354 -
[
B R T B
-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

SR TR AAFPRAEAE, () AN Z TR A 6] 5 2 17 P32 JRUSC e P Tl pr) AR O 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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(d) Vertical temperature profiles from SOFIE at four distinct altitude layers
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