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Stratospheric Residual Circulation and Its Temporal and Spatial Evolution
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Abstract The stratospheric residual circulation is defined as the meridional and vertical components of the strato-
spheric motion while its latitudinal component is dominated, which plays an important role in the interaction and
mass exchange between stratosphere and troposphere. The NCEP/NCAR Reanalysis Data from 1979 to 2003 are
used to estimate the stratospheric residual circulation, and the model simulations are compared with the estimation.
The results show that the estimation matches the model simulations well and the well-known Brewer-Dobson circula-
tion can be clearly seen in the estimation. This work also shows that the residual circulation has obviously seasonal
change. The center of ascending motion swings around the equator with seasonal variation. In spring and autumn,
the center lies over the equator, and the ascending motion distribute symmetrically in the both hemispheres while the
downwelling motion at the Northern middle latitudes is stronger than that of the Southern Hemisphere. In winter
and summer, the center of upwelling lies at 10°S and 10°N, respectively. And the upwelling which appears in the
Northern Hemisphere is stronger than that in the Southern Hemisphere while the downwelling in the winter hemi-

sphere is stronger than that in the summer hemisphere. In addition, the residual circulation has interannual change
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and quasi-biennial oscillation. The upwelling and horizontal transport is stronger in the easterly phase than those in

the westerly phase of tropical zonal winds. The residual circulation decadal variation shows that the circulation is

relatively stronger in those years: 1979 - 1983, 1990 - 1995, 2000 - 2003. Generally, the residual vertical velocity

has been a little enhanced in the last 25 years, at the same time the transport towards middle latitude in low strato-

sphere also has become stronger.

Key words stratosphere, residual circulation, Brewer-Dobson circulation
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Fig. 1

Residual circulation in various seasons: (a) Winter; (b) spring; (¢) summer; (d) autumn
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Fig. 2 Residual circulation simulated by NCAR two-dimension model: (a) Winter; (b) spring; (¢) summer; (d) autumn



14 WRECSESS « P02 TR A PRI B FC [ 38 A8 R AE

No. 1

CHEN Quan-Liang et al. Stratospheric Residual Circulation and Its Temporal and Spatial Evolution 141

4 5 AN S B, BRI R Uiz 30 5 1) W AR T 1] AR
%, RAES] 407k, I NCEP ¥R 45
HSRAIRSEN RIS R B ER A 25, Al
HEE M ER—L, DL T k6], TR
Ik BT Sl GE B L At 0. 8 X 1077 m/s,
BADEE R A 0. 5X10 *m/s Aify. 72 LRI
ABUERI T, FE AR Hb B i AR B A B2 b THis
3y, MAESLPRIT AL R b i X 3 T B S
i X 5SS LA S E R 25 B A — B0,
AR R
3.2 FERTEHETTH

K 3 454 2000~2003 4 100 hPa 28 1 | w”
B[R] RN 2R BE A2 Ak . DAIEL 3 AT AEE - I 9 5 1 1)
R R ET 225, BIPBRE SN
w" WIE X, Wit B XK. nE 3 s, B3t
B RN T AR E AL BT b Eh 20° LAy, Horp
DS T AR AR E L X AR o). TEA R
%, w' A EE A O, MITESREE, -
Friz gl LR A O iR AT LLE #] 0. 8 X
10 m/s, o [FF, JEPERE 2 o PO fE A
Z (MPERED w AR, LT
Pifl . A N Tt FER AR 5
FELEE PTGy s 430 FE 20° 0 SO°R I . Y ok
Ut FEHIRERHLIX , oI B PAR ) L THE 3k &
ZPAER N USSR R AL ER g kR . S Ab.
TER 3 R ml LB R P BRE A B TR i A i
Mo DX, A 55 E TR

Jul 2003 o )
Jan 2003
Jul 2002
Jan 2002
Jul 2001

Jan 2001

Jul 2000 (G

Jan 2000 gL
20°N 40°N  60°N

60°S  40°S  20°S EQ
3 100 hPa B | w* WyBE-2F BRI (R 102 m/s)
Fig. 3 Time - latitude cross section for @* (10" 3m/s) at 100 hPa

3.3 FIKRFRHERETL

h T A MR IR AR PR AR AL, AT
o M w TR T, o ICE M ALER 207 H X,
w" WCH AR E X, XA E 1Y TS SRR
ik B, PN IE RGRE voE EER . @
PSS T AT VR BIFRAR IR A AL
Gh, A HABE IR L. TR, RATHE BT
WU . B4 45 FE 20°N, 50 hPa 5 I o Fifi
B ) R AR A R 2R DA B8 25 K /N T 21 A A MK
KT 37 AHmi T 22~36 A~ H MM OF
LI, HEAFLIE N, o MHERIAE R BIR G
(QBO) FHAE143 B . 3K J& PR B -3 2 i 1)
KU QBO 235 [ R AR Ak, T R R RZSS
sk ARk, XFEEfm X QBO (Emg) , w1k
FEH. FEFGRNIAHAE . o LB RRLIAHAE, o B
WK, FUE o 5 L XA AR e KA
E2AAAA. o BFEiEd (R MRS o
AL, WA EPAE IR O RAE . IR oRiE b2
w" WEAE S KA AR LA AR RS AHAE /)N,

T R T AL ) AN [ AH T AR 38
T 225 FRATT A TR AR RS AH TS R AH T 1) 381
RN ATEEAE T 6 B A HE5 R 5510 18] Sa.,
b R, ATLAE . AR KO ARI . 7R B2 2 6
X, 30 hPa LAF [0 {932 8l L 2 4 3558 1] AR
BBk LB, AR T R A M X 1 S IR R

0.7

0.6

~

r;; 03 oyt
' '
0.2

0.1

il l‘l ]l""a }'“J"

07980 7084 1988 1992 1996 2000 |
FY Year

4 £ 50 hPa, 20°N 4k o~ BRI FRAIE] . SERN SLBRAE. 1

RONIEBILR . FRIZ LS ik

Fig. 4 Time series of o* at 50 hPa, 20°N. Solid curve is the

values form NCEP data, dashed curve is the oscillations of o*

with periods longer than 20 months and shorter than 36 months,

and dash-dotted line is the linear time trends



X " B ¥ 314
142 Chinese Journal of Atmospheric Sciences Vol. 31
20 T o= LT T s O Y T T T
@ 0.2 cm/s T_> (b 0.2 cm/s T_> © 0.4 cm/s T_>
1 m/s 1 m/s 2 m/s
30{ e P [PPSR R R R R
= 40
S50 el goen . P Y N ST e
60
200 J,MI[/‘/ \\\\\\\ Ve YRR [V I S N NN Vi
50
%(1)8 ,,,,,«r,\ﬂ//////_.,/._“‘u, e g RPN 0 U .

30°S 20°S 10°S EQ 10°N 20°N 30°N  30°S 20°S 10°S EQ 10°N 20°N 30°N

B 5 FIRFWMEIERUE : (@) ZRRGIAH; (b) PERAIAH s (o) AR XU AR PG XU AR I 220

Fig. 5 Composite residual circulation departure in (a) easterly phase, (b) westerly phase, and (c) their difference (a minus b)

Uito 7E 20 hPa AL, IR FmMAES, K ERT LA
B A BB BRI AR VS XA, A
PIXI IR RE . 30 hPa IR, AIRER & AR IEHLIX DL K W
EERUT IR X R G A, id B A T X 1)
Bl RGNS s dLFER 20°~30° IX, w" Ky
BB R IR, SR I X B R Uiz 8 B 8 L 24
4555 mPER 20°~ 30 HB X A A B, R ULis
A s . (FUEIGSR IR BEAR /N Rl g b Bk
20°~ 30° Bt 3£ 1] P Al 1) i % B SR 55 . 20 hPa DA
b AR . B Sc & AR KU 5 P XU AR T 9
RINMBE I 2ZME. "TLEH . 30 hPa IR, A—
MEAR AR T, @A b X TR 225 (E R i
1 2 B AR KU AR IS X — X 38 ) s P9 (P Brew-
er-Dobson ¥3i0)  EC P RUBLAH T 1A AR R ok, 3X
ANER I AT 26 ) XU A [R5 ARG D) 28 5 [ A
WRINITEL . BRSCRN 8 2 ME7E SCRRL 6~ 8 1 At
TR ZE SR T QBO AR KU A 4 1 7S XU AH
ERIARIRM 225, 18 HTEVE AL AH AR, T PR
PIAE, &S EORE X ) N UE s, W T ETHR
Tio MG T F-302 2R KA, D58 H R E
X E s R R IRHL . R, 764 U AH T 38 A%
PRI LL VY KU AH T 3 ge .l ml UL, FRATTH NCEP
FORH TS S5 R 5 AT TR B SR — B0 .

B A B 407 f) SOCRATES #2400 45 5 3 41
THE T 26 10 XL QBO (1458 38 1 1 0 F 4% 3 37 19 28
1k, F5 A QBO L5 T8 QBO SLE R T Z
ZE{EAETE 5 0] A =X, BT R EUR AR
(. 1EPE R A B it (ILSCRkC17 19 7o), B
)2 R 2 20 hPa DUF 51 (1) 22 (B R e 16 34
AN X TE S AR LR U, iR S IE

IR AR IR TT IRIAE S, BT LAY XU AR el 9 2 PR
VS s T AE AR KU AR B s i (DL SCik (17 TH ] 8¢)
DA s (A PR3 5 . 20 hPa DL 2R I8 3
20 hPa LLF AH B, PR X 35 9 B8 1% 4 A A R AT
NCEP %R+ 45 e —8 . Hag il T NCEP
Bekkm B2 HGAE] 10 hPa, PRI ER 1) XL QBO #£F- i
JEH BJZEX o Tl w” R AR RE ST H R
3.4 FRMTHKBTHER

25 ARk, FIRMMMRE LR LT —Em
HE, B 6 AR o Flw EEEAR L, T
AERRAB AL RN PR A, RATIEXT o Fl @™ i
WA AT i A AR AR A2 A e A i . 81 6 v
Y ML ok IS S BT B R Oy 120 ~ 144
MHB R, TRV H . ZEXRZET (100 hPa
BRI » FRAR IR LR 0 A PR R A2 4k
o M w” WAL A AN AL AR A LR [A] . DA 1979 4R
) 80 AEAA, 1990 4E3] 90 4E4UK . BTz sh#R &
M3 55220 . 72V JE B2 50 hPa Fifiz.
RN AA PRI AZ A, AR PRI L
XYL T A /N2

HI1& 6a, b FIL PG I ZmT LI . 7Eid 25
Hy 25 4Er, SRR L. JCIe7EXT 2T (100 hPa
B . i RTEEIZ T2, w W S E R e
B, EIHssh e g sy . (BAEAREEE. H
HESR A IANE] . 7E 100 hPa fffifr, 25 4 HE K
B RZH 0.2X107° m/s, MAE 50 hPa & &, Hi#
KAGL N 0. 1X10° m/s, XLl B &
B, BTz S G SR RN

T ) AR (432 3l 745 B F o AN A TE]
Kl 6 o, d ZTELE 20°) o YRR fR L. X EL AT



14 WRECSESS « P02 TR A PRI B FC [ 38 A8 R AE

No. 1 CHEN Quan-Liang et al. Stratospheric Residual Circulation and Its Temporal and Spatial Evolution 143
0.8— 0.3
(a) (b)
06y 02f
0.4} ol ‘ ‘;
02 H‘J | ”J“H'
E l ' ! 'l' 1 l I e Or | \|‘ tﬁl M ‘ ‘“
E o| , ‘ww‘:u il e T Il
= ‘ ' ‘\ 1 l P“ ' i fa -0.1
0.2}
04t 021
-0.6f 031
08 IR T T S T v BN 1T\T e T T
1980 1984 1988 1992 1996 2000 1980 1984 1988 1992 1996 2000
0.6 0.3
(©) (d)
041 0.2}
02f 0.14 ’ ‘ ‘
= ‘ 1‘ u] t “ " 0 “ ‘ fi “ l
7 0 I A M
r"E N mE <plyp—E ‘ A"i 1
|‘ 0 o ] U
= 02 = -0.1f ' l ’
iz i
-0.4 -0.2}
-0.6 -0.3}
08 T Yo T T e
1980 1984 1988 1992 1996 2000 1980 1984 1988 1992 1996 2000
EHR Year ER Year

B 6 v flw* M FAZLE: (a) 20°N, 100 hPa 4 v
LROMMEAE . LR o uE DL, SR LA ik

Fig. 6 Time series of the departure of the 7* and @ *

5 (b) 20°N, 50 hPa 4k o*

; (o) 7718 100 hPa &b w* ; (d) #7if 50 hPa &b w* , 5Z

;. (a) ©* at 100 hPa, 20°N; (b) o* at 50 hPa, 20°N; (¢) @?* at 100 hPa over the e-

quator; (d) @w* at 50 hPa over the equator. The solid curves are the departures, dashed curves are the oscillations of o* and w* with periods

longer than 120 months and shorter than 144 months. and the dash-dotted lines are the linear time trends

DIE I, FEAC BRI )2 DR, o J& & #id /b
1), B AL IR IEAR /N, A 0. 05 m/s iy i
BHAE X L 2 T BT 5 ] 79 A %) i 2% 2 B 5359 /N 1)
f?ﬁ??%,%M%%WL,W%E”EWM
1), P22 AR 0. 1 m/s, P32 H ) Ak 1
5 1) 3% SR S 1 ARk P I R X %o 3t )2 T
LN
SV, JE 25 4EK, SFU )2 T 2 AR 8 H X
FE P oo X B 9 (W& Brewer-Dobson ¥
) RS S, BRI R Y, )2
T2 H AR Y 0k R T T AT IO 1] R AR

REAT BB IR SRS 1
4 #FHig

ASCRI A NCEP 11 B84} i ad 1550 A s i
5B ZE X LA . 15321 7 OB W] 2 p) 9

AN AN Brewer-Dobson Ry, RIS, AN SCiA i i
WA HT T s A AT T AR BRI 1 2 RAR PR AR
b, B3 TN RZse

(D PSR, IR R X, TR
it BN LZ TR A B2 B2 R E Ak m T
iagf), mE LA LIRE] 20 hPa fffif. M TET L
FE AT N UT R BIRZE . HEE R SRS R
A—3, FrLL, FIH NCEP %kFa] L8 s
W ) 3 PR . Brewer-Dobson MRyt vl LLAE 15 [
B

(2) FRARMABMET 2R, LIiEshm
HUO S 2= A fE AR TR L X e AL R Bl . B Rk
FHAULIEA FALTARE, M AR ERRBUR X FR 5
A7 JE2BREHCHT b XA DT R 2 KR
A BT, BRI mlhL Fradess 107
BT, dbPEkE 20 A LR Rk R 2= T



P

144 Chinese Journal of Atmospheric Sciences

31
Vol. 31

SUE ., RN AEERAY R
IR .

(3) HEVPRIZ T2, BRI A & TR
AR R QBO B4, M 1979 4E 3 80 AEARK.
1990 4E 5 90 AR, L FHZ Sh#ER & ok 2 55 451k
). FEF-E 2 1) KR AR RS AR B 6 2 B4 3 LE PG XL
PLAH T i

(4) 3125 25 45, ol 4 IR 0 o B L A7 — s
. FEXTRIZTEE- )2 T )2 s Brewer-Dobson 3
W EFHE A TR . P RZE T2 AR
A TR, IR AE SRR R Y

(5) AT RN R AR T Al X A& TR
ﬂT%%Lﬂ%ﬁ»ﬁ%ﬁ%ﬁ%ﬂﬁﬁﬁM%
A3, AR

JU L R ER TR IL

S %k (References)

[ 1] Andrews DG, McIntyre M E. Planetary waves in horizontal
The generalized Eliassen-Palm relation

Sei. » 1976, 33

and vertical shear:
and the mean zonal acceleration. J. Atmos.
2031~2048
[ 2] Andrews D G, Mclntyre M E. An exact theory of nonlinear
waves on a Lagrangian-mean flow. J. Fluid Mech., 1978,
89. 609~646
[3] Mclntyre M E. Towards a Lagrangian-mean description of
stratospheric circulations and chemical transport. Philos.
Rrans. Roy. Soc. London, 1980, A296. 129~148
[ 4] Pendlebury D, Shepherd T G. Planetary-wave-induced trans-
port in the stratosphere. J. Atmos. Sci. , 2003, 60. 1456~
1470
1 BR3C, BN #EEEAT
F. KPR, 1995, 19

Chen Wen, Huang Ronghui. The dynamical effect of planeta-

[

wl

EPFRAFR
513~524

ki is 1 3 14

ry waves transport on ozone in the atmosphere. Chinese
Jowrnal of Atmospheric Sciences (Scientia Atmospherica
Sinica) (in Chinese), 1995, 19; 513~524

[61 BR3C, BORME )2 RAUT R BAE S =0 AR bRk
W EHMBEDI S L W m s oL KRR, 1996,
20. 513~523
Chen Wen, Huang Ronghui.

transport effect of planetary waves on the seasonal and intera-

A numerical simulation of the

nnual variations of ozone in the middle atmosphere. Part I. In
the case of stationary flows. Chinese Journal of Atmospheric
Sciences (Scientia Atmospherica Sinica) (in Chinese) . 1996,
20. 513~523

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]
[16]

[17]

BRIC, BEORME. )2 RAAT R IBAE R 22 AR bR A
e R EUE DTS TL BORAR BRSO, KRR,
1996, 20 703~712

Chen Wen, Huang Ronghui.

transport effect of planetary waves on the seasonal and intera-

A numerical simulation of the

nnual variations of ozone in the middle atmosphere. Part II.
In the case of wave-flow interaction. Chinese Journal of Ai-
mospheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 1996, 20. 703~712

Chen Wen, Huang Ronghui.
effect of planetary waves in the Northern Hemisphere winter.

Adwvances in Atmospheric Sciences, 2002, 19; 1113~1126

The propagation and transport

Brewer A M. Evidence for a world circulation provided by the
measuremeant of helium and water vapor distribution in the
stratosphere. Quart. J. Roy. Meteor. Soc. , 1949, 75. 351
~363
Dobson G M B. Origin and distribution of the polyatomic
molecules in the atmosphere. Proceeding of Royal Society of
London, 1956, A236: 187~193
Haynes P H, McIntyre M E, Shepherd T G, et al. On the
“downward control” of the extratropical diabatic circulations
by eddy- induced mean zonal forces. J. Atmos. Sci., 1991,
48. 651~678
Dunkerton T. On the mean meridional mass motions of the
stratosphere and mesosphere. J. Atmos. Sci., 1978, 35.
2325~2333
Dhomse S, Weber M, Burrows J. Dynamical contribution to
longterm ozone change. Geophysical Research Abstracts .
2003, 5. 27~29
EJT"(%F YESE . FNLAR. 1984~2000 4B EEYE S o [ 3 X
2SR R RO 2 S R A R R FRAE. TR
%{;&}ﬁ, 2004, 15, 32~40
Wang Kaicun, Li Weiliang, Bai Lijie. Characteristics of
change and transport of aerosols in the middle and upper trop-
osphere and stratosphere over Indian Ocean and China in
1984 = 2000. Quarterly Journal of Applied Meteorology (in
Chinese) , 2004, 15; 32~40
http: ///www. ncep. noaa. gov
sKEL. BRAIE, RACE. MEPTAERG N KA P SR
WA, KR, 2000, 24 103~110
Zhang Hong, Chen Yuejuan, Wu Beiying. Impact of the
Quasi-Biennial Oscillation on the distribution of the trace ga-
ses in the stratosphere. Chinese Journal of Atmospheric Sci-
ences (in Chinese): 2000, 24. 103~110
Chen Yuejuan, Zheng Bin, Zhang Hong. The feature of o-
zone Quasi-Biennial Oscillation in tropical stratosphere and its

numerical simulation. Adwvanced in Atmospheric Sciences ,

2002, 19. 777~793



