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Abstract Analysis of CO from spaceborne ACE-FTS (Atmospheric Chemistry Experiment, Fourier Transform
Spectrometer) and Aura-MLS (Aura satellite, Microwave Limb Sounder) satellite observations highlights the existence of
a sub—peak in CO profiles from late winter to early spring in the polar regions of both the northern and southern
hemispheres at the 10 hPa level (i.e., in the middle of the stratosphere). Further analysis of Aura-MLS satellite data
demonstrates that air from the mesosphere, which is rich in CO, descends into the stratosphere gradually in early winter.
Moreover, while the CO concentration in the upper stratosphere decreases rapidly during late winter, CO concentration in
the middle stratosphere changes very slowly. This results in the dramatic emergence of a suspended spherical structure in
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the stratosphere, defined by high CO concentrations; the satellite observation shows such a sub-peak in the CO

concentration profiles. Analysis of the MERRA (the Modern Era Retrospective-analysis for Research and Applications)

assimilated data and OH concentrations from Aura-MLS satellite observations suggests that weakening of vertical

transport from the mesosphere to stratosphere, enhancement of horizontal exchange, and recovery of the OH

concentration may play important roles in reducing CO concentration in the upper stratosphere. However, CO in the

middle stratosphere can survive for a relatively long time owing to both the isolation imposed by the transport barrier and

the lower OH concentration in the polar regions, thus allowing the sub-peak to persist from late winter to spring.
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Fig. 1 Zonal mean of Aura-MLS (Aura satellite, Microwave Limb Sounder) CO volume mixing ratio (VMR) during 2005-2010
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Engel et al., 2006). XFhZE VLN Ttz sh7EEl 1
TR A2 LR RIS ) S A X CO 2
(A5 G0 T CO HPMLINEF T, Solomon et
al. (1985) fRAELFHEHIKE CO 150 M2 Rz shn
EEY), JUHE mAi X B A= BT S RA =R
Jlizgh. S CO #Z FTWrgTh i = A Bh FoR
AR IR RRE IR U RN A I S — o ) 2 ) A A
(Manney et al., 1999; Allen etal., 2000; de Zafra et
al., 2004; Leeetal., 2011).

TR BT R R KA RGN By ) 4
MM EEFE (BACRIFRLNE, 2003; BRELE,
2009). 5T INEK SCISAT-1 T {8 HLnf AR 4
JEHHX (ACE-FTS) #13EH Aura TR H il
RS (MLS) J& H B 37EIs AT iy pa b TR AL
i, JFCAR T RIS T U B (PEER 20 W
2 M FED . FATTLEXT 2004~2008 4F[¥) ACE-FTS
1) CO BRE T RIAT AT I, AHFZFE M
T iy 2 M DA A 24— B 00 BR AR T U2 TP AR AE
RIEMEINS., KA Manney et al. (2007) $#&H )
ACE-FTS 5 Aura-MLS (RAELETT2, A Aura-
MLS ZEEXIX —IL G AT TN o LT Clerbaux et
al. (2005) B4y T ACE-FTS A ALM )\
MHIBER SO E LR B EBL T Co
IEAEING, (HAZWE TR IR SR 45 T ik — D 1
P M. ASCKEAIH ACE-FTS FI Aura-MLS
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WU X KT CO IR G () It 3 Ak S H
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KA (Atmospheric Chemistry Exper-
iment, WX ACE) & HNE KRR —IihBRK
R TBESEMTH] (Bernath et al., 2005). )& T ACE
(1) B SCISAT-1 - 2003 4 8 H 12 HAM, HE
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Fig. 2 Global scatter distribution of the geographical locations of ACE-FTS satellite observation from January 2004 to June 2008
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2.2 Aura-MLS
WO IAREM 2% (Microwave Limb Sounder, ffj

FRMLS) &3 [E Bk WM R4 (Earth Observing
System, EOS) Aura LA AT #4F 2 — (Waters et al.,
2006). Aura-MLS R AL EE F 77 HBROKS
DI J5 0] IR AR SR 0 Aoy Rk 2 S AT
M 1% BT 2004 47 715 HARS, LEhki KR
[FAPHE, & 705 kme Aura-MLS &R ]3R5 21k
3500 4% 1) CO Rk wekl, Julf o rdbad 8202 1h],
e 1 A VS 215~0.0046 hPa, T 540 #4 3.5~5.0
km. ASCHTN Aura-MLS CO PEZEREINEE — 2%

(Level 2) v3.3 L. 3£ 1 Jr4I28 MLS CO fEA [y
B BRI WK FE A R S8 Ml 2 (Pumphrey
et al., 2007; Livesey et al., 2008). [T MIMAELE
BRHIBENL R ZE, RICEER] Aura-MLS Ok
JEATRERIR 2 4 PH4 LA 2L BRBE AL 22 1R 5 )

1 Aura-MLS CO ERIS%((5] 8 http:/disc.gsfc.nasa.gov/)
Table 1 Data information summary for Aura-MLS CO

(quoted from http://disc.gsfc.nasa.gov/)
AUERE EEOKT K

(hPa) IR (km) (ppb) ARGz
0.0046 7/200 11000 +20%~+50%
0.01 6/200 4000 +20%~+50%
0.046 6/200 1200 +20%~+50%
0.14 3.5/200 700 +20%~+50%
1 4/220 150 +20%~+50%
10 5/400 15 +10%
31 5/350 14 —70%~—50%
100 4.5/450 14 +20 ppb (£30%)
147 5/600 15 +30 ppb (£30%)
215 5.5/700 19 +30 ppb (£30%)

ASCHTHE) OH #ERHESK BT Aura-MLS v3.3
Ji, BORHPTRT G 4 32~0.0032 hPa, KTk}
()43 e UL INDRS P55 R 28 498 i 22 5 B0 Jo 42 1)
102 Aura-MLS v3.3 %EFA (http:/disc.gsfe.
nasa.gov/) FIAHSRCHR (Pickett et al., 2006).
2.3 MERRA
MERRA (the Modern-Era Retrospective analysis
for Research and Applications) /& GMAO (the Global
Modeling and Assimilation Office) A = 4E4L /> %%
BHAE RSE GEOS-5 DAS A% FHa ikl
(Rienecker et al., 2011), JAF R T K&
RIS SR, I T — RS
F R R 7 S BERLFAL )77 . MERRA B
KH AR 23 % 0.67°X0.5°, T B s [A)

72 2, BREE 0.01 hPa. Hp7 5o deR N E &
M5, ARSI ORI K H MERRA #if
£, KEMEEE 1.25°X1.25°, EHJjH 42 5,
E %% 0.1 hPa.
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WIHTSCHTAR, Aura-MLS (K005 70 RN 4% 1) 7
VG KT ACE-FTS, fEXFLLPIRl TR Bk,
AR FEHZ BTN Aura-MLS $dfi b ik 5
ACE-FTS 405 70 W00 i 1) Rt 288 ok — 350 1) 0
M EELk. Manney et al. (2007) $EH T —Fhie AT
1T, WIHE ACE-FTS MU I Fr )5 12 /N, W
M rEAES L AR Z A RS 8 NE RV
(1) Aura-MLS V2 ERZeg i BlAh 1% ACE-FTS
A “FTER” .

AR H Manney et al. (2007) #&H 775,
%} Aura-MLS 1 ACE-FTS TR WL % L3k 4T 2047
Pkt 2R DR TR p BAT “ WMo i) s 4 ik
T, B3 2R T RALEs 70°~80° 2 [H][#) CO J3%
LAEAFZEN ARl . Mz by UG 2,
ACE-FTS Hl Aura-MLS A2 WA 34 Bon e ma b
PERAFFIFRZE TS (29 10 hPa) f£7E CO
WRERIEAEIN G, b PR UEAE B IR 37 R I A
PR ARGF I — 30, e = AK 15 WA H A X
FRE. B 3a. b EoRdblERAZE (DIF BB COo
T BE VB = B HUIAE 2 8 hPa PHIT, R(EIKIEZL
300 ppb; 2= (MAM BB UG AE =y BERS AT R %,
HILAEL) 10 hPa w5, WA S R £ 180 ppb.
3¢, d WoREIEERATE (JIA B WM m
IAEZ) 8 hPa, WE{EHHKEZ) 420 ppb; 1MHZE (SON
B IF UG HH B D oy 8 8 AT H BB A e g B
%, AR R 300 ppb 247, Zidr bk
B, MBI S, mEsk&ET PR Z s
CO ¥R S5 3Rk FL AT I 325 (1) YR WAL 45 R RRAIE

KICWFORIN, AHFZEFRE T CO W&
VGG A BUE R X, HRmTy s mt
4 S0°PIT, HIEHIXS mhitbIX, WRIEINGAE b4
DX H IR LR . X — IS 0l TR+ 2~3
Ay e f8~9 Ay (rg13k), R4 Bk
(IR 2T .

T T W00 % R R b BR AR XK AT
2 CO R AiiEAT 2005~2010 Z4EHH T (K
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4), SERXHHIIEEIG B, CO W51
HAEREE 7 W R EERR 2 W Am g, WE
PR EL—ANMRORH) CO BRI, B s
B CO [P FEI D, 013t 2 TP T I i 5 S i
G
3.2 HHEIDH
AT SERT 2005~2010 FERgAbEBRE L X
KAPIE CO WIEBHEAT T o007, FERMARDIE
S LR 2007 4 7 L ERAFE T IX PIZE CO 11
WREEARAL A, BT CO VRIS B ML o
K 5 7R T 2005~2010 “ERGLFERERZ
AN e P R A AR X (4B 60°~82°
[]) Aura-MLS CO V¥ & i s [A] (1) 284k o A6
Bk (& 5a) 1 hPa /% b CO MR BEIEE LT 11
HZRA 1 H s iiAE s 3Kl 5b)1 hPa =1 1 CO
AR JEEEI I T 4 A2 9 A, FRLEmfR LT 2
JeERIGPIAE, R T MR E RS &
Geif SR B ZE SR . AT 1 hPa M, BIKS
FE E BRI Ot R REAR R B T CO 13k
FEVEAE, H i 8 A AR R A B[R] AF Y 4B IR
[ IS WA I FEE k2N, R ) ) 4 . I 8T 5 AT LA
Fif, mEERAIAREER R ACFRZ T B2 CO K
FEVEAEARAEAE A 3 A b At L db ek
AR R N 2%, #ilin 2005~2006
FEALE BRI IX AT 32 T0 CO MR 1R 26 B A XL
ghy, AEAS G IR AE BRI R IR T Ak AL Bk
I3 58 PRSP UL 2 o Pk B Uik B (Manney et al.,
2008). i)z KT CO MR BE AR, KI5 1] 1)
FIEASTIEMX CO WIEM B BT, R
SPLE LR R U R A A LS O R R
KAH CO WIEM ETF, KA A B R
CO AR 55 1438 Dok RN ST [ (7 AH b Ry i A2 &2
)= N2 % CIR Y = N [ = R 1pS O 11702/ 8
BT E G R CR3CBL S o), mdith
XOKACFLE T CO MR AR AR e T FoAth JLAN A
#: CO, KGR CHy %4k, OH XJ CO M5 LIH
B, ACPHERE (BL S &), W5 Rosixfh
KA IS, RIAFAERL R R &
[COJ=f([COs], [CH4], [OH], S, S5). (1)
Kl 5 BoRAE i E—Fi 2 IS gl R
AR, SPRET CO WIEMAR HARFEE, X5
AR K E 22 ) CO, 6. CH, 4L A OH
T bR 2 T A2 P R SRR 1Y . ARk IR

559, LR, B IR O AUsb 2EiE vE  B
Sk B R JZ R IR AR X CH R FEFRAI Culfk
BLAE, 2009), ACE-FTS T %k 45 3 EoRiX
PR UTIE BT COy A K CRARKINN CO, 7
JARASIE FLR Lo A A —3, B0, Bitbn] 2
% CO, YA CHy ALK CO AL . OH
(R BEARAG, (FOR A ATE AR g, X CO Ik
TBRAER AT 20 o AN RPN P 2 i A2
S99 T, AR AN R A s T A

(Manney et al., 2009). ¥ F KA SR E— 507
Si~ Sy F1 OH WK FEAR AR IX )= CO WEIRE
Wi o BEAh, 7ERACTFRZE T O3 %) CO IR H] LA
55 (Solomon et al., 1985; Minschwaner et al., 2010),
KU ASIANER X O3 5 CO [AH B AEH ARG
,i//t\”)

Kl 6a W7~ 8 H A1t = B CO W B IE AR EF
A, N9 A, iR LS CO LR T
B, JFE AR T FUE s CO MBE,  AHV 1) 5
ertriEon (EREG ) CO M H /A LR IE(E
MG, WA HITE, iz B (1 hPa &
FEZEAT) CO MR BEAR IR PR Ik B2 22 B 47K
IM~FtZ S (10 hPa @ fEZAT) CO MR EE AR U
—HFFSEE 11 AE. K 6b Eor 8~11 A mddith
[X OH VKA AL T A8 MBI BL. OH E2k H
TN, SORBHYGHEVIAHOC, OH WL ]
TS5 K BH B s I R RS AN N o AE R P02 )
OH R ik T b Gl oy Fedtats), R
ffifE 11 K, P2 OH WkEd A4
0.01 ppb. & 6¢c Box 8~11 AMIFETH 60°H 74 X,
KA O REE I R ) T 5), 5 CO WELIEAE
AR AEAI NS N 8~11 APt ZH Fifings
YERFPG XN, HREIUH PR, SRR B
PRI W A8 0 2R NI, 45 B B S AR AR
fE (ARG, ZERBEXN TR R4 P2
i Je — IR I R . 1 6d ShE 4 60°& K VL
Gy fE B A ) R BE I ) AR 4L, ARER T hEfhiX
KA AR X ORI IR AE o« 55 26 1) X0 U TR ARy
TEAHEE, Zem RV bRy SR B A%, I\
BRI U R E R G =l w3 | W == O 8 w8
FEINBE, H 9 IR, b ERRakIg TR, I
125 1) R H P8 PR L 728 DA 2R JXGER AL 1 [i) BN 7 Rk
IR BB, X245 CO M BE AR A B DR Y o
6e 4 B £ 60°28 [n] KL Ry 5K~ F- X305 3) 17 B I
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Fig. 6 (a) The evolution of the mean mixing ratio of Aura-MLS CO (ppb) averaged in 60°S—82°S; (b) same as in (a), but for the Aura-MLS OH mixing ratio
(ppb); (c) the MERRA U-wind (m ) averaged at 60°S; (d) same as in (c), but for the southward MERRA V-wind (m s ) (¢) same as in (c), but for the
transient southward MERRA V-wind (m s '). All figures are plotted from Aug to Nov, 2007
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