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Abstract The breakup of the stratospheric polar vortex and the role of eddy activities during the breaking are inves-
tigated with focus on the differences between the southern and northern hemispheres. The time when the polar vor-
tex breaks up is determined by the date when the winter westerly at the core of polar night jet turns to summer east-
erly. Results obtained show that dynamical and diabatic heating both play an important role in the breakup of strato-
spheric polar vortex in the two hemispheres. Strong activities of planetary waves are observed in both stratosphere
and troposphere before the breakup; thereafter, the eddy activities decline quickly. It is pointed out that the upward
planetary waves determine the exact time of breaking.

The two hemispheres show several differences. First, the breaking of polar vortex begins from the upper strat-
osphere and then propagates downward in the Southern Hemisphere (SH) ; however, the seasonal downward propa-
gation is not evident in the Northern Hemisphere (NH). Second, composite of zonal wind at the core of polar jet

shows that the NH late breaking years have two periods of westerly weakening while the early breaking years have
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only one. The first weakening in the NH late breaking years is a quick process while the second is a slow one. For
the SH, there is only one weakening of the westerly regardless of the time of breaking.

The long-term trend indicates that the breaking time of the stratospheric polar vortex has been postponed in
both hemispheres, especially since the middle 1990s. It is also pointed out in this study that the evolution of the
stratospheric polar vortex breaking is associated with strong bi-directional dynamical coupling of the stratosphere and
the troposphere in both hemispheres. On one hand, the annular mode increases from negative value to positive value
before the breaking in corresponding hemisphere, indicating that the circulation pattern change at the lower levels
heralds the breaking at upper levels; on the other hand, the phase and the strength of annular mode correspond to
the strength of the stratospheric polar vortex, which is suggested to be related to the reflection of planetary waves
by the stratospheric polar vortex.

Key words the stratospheric polar vortex, wave-flow interaction, breakup of polar vortex, stratosphere — tropo-

sphere coupling, comparison between the southern and northern hemispheres
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Table 1 The breaking date of the stratospheric polar vortex (when the westerly at the core of polar night jet turns to easterly)

from 1979 to 2002
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Fig. 1 Composites of daily (a) zonal mean zonal wind (m/s) at 65°N, (b) temperature (K) averaged over the polar region (70°N-90°N), and

(¢) the geopotential height difference (80°N minus 60°N), units: gpm. The color shadings indicate the rate of variability in each panel. Abscis-

sa stands for the days before (negative) and after (positive) the time of the stratospheric polar vortex breakup in the Northern Hemisphere
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Fig. 2 Same as in Fig. 1, but for the Southern Hemisphere: (a) Zonal mean zonal wind at 60°S; (b) temperature averaged over the polar

region (70°S-90°S); and (c) the geopotential height difference (65°S minus 55°S)

LA DY XU > 75 i 5% AT 0 445 2R XUk
T %5~ ULV AR 25 Y A 4 R P DI AR
Ko EHHER b BN LR AL LB I
], $ERJEAE—35 d. —15 d F10 dy XM IR T
RIS s AN Al 7

A 9 J 157 2o R 3 57 R 0 PR S A 3 g
JEF EAA R, P 1b FoR X P-4 (7T0°N &
90°N) IR AL (4o AR R AE SR G
B2 . 18 e R @i ide (70°ND F1 LA Ry
(60N 37 3 e JEE 22 L LI 07 38 v J8E 22 9 A8 A
CREIAR) o A i bt e rh LS B i . o
(3t BE 3 o S B AR T R 15 2 R AR T 15
Ja A BRI BEREAR . 15 2 X AR DXAR XU R
A (B L) o R BEHTINARA V302 = 2 A2 AL

TR, Regemh ] s, Nz S s iE s
Koo BB TS 2 ARG 30 P M 34N R B 25 A0 ol AT
B G AR TE A, SR 38 A AR DX 93 15t =2 il
FIRMT . & 1a Hrig A 10 d Z245 1k shid Fre
b, ¢ A —E B R,

T e BRR DX IR A AR R 7 Y5 AT R ) 1 i %
([ 2b) s Ff H 3k Fiik (9 185 258 AASF-3i )2 8 J2 ) 1
4%, SRRt FE — 40 d BFEE 10 hPa 2245,
0 d BHEN T 100 hPa B, +40 d 2547 Bbfig b i
R KA T X )Z T 200 hPa BfifT . X R 1 3
T3 A 5 0 DX ST S A IR 7 1t Ao R v 1l 2 A
IR, SACBRAT L, AR iR P AIML 3 g B 22
) AR A I A PR 3 I 38 S S A R 008 9 1 1) sf 21
MJEAE—40 d AR, 2R BIAERR P i 15t 1T < Ao ) gl



P 32 %

212 Chinese Journal of Atmospheric Sciences

Vol. 32

AEAERE DX BRI (R TR . S5 oot A R PN /M 38 i o 22
(GEEZ) BRI AR R 1 MOF- 32 b & 2 1) T A%
i,

T AL ER B AR AR A W] 8 A AR DRI 8 3 448
YN At =) = [ N N PR A S S (U N £
BEART FRZER] . BRI R R e i ] b4
B, I HAEPLE LR B s i fe b, R, X
ST B RN IEAR S A EAE TS R A I P2 5
ARAE s TR BRI R R AL AR R K I AR L R
T T AR R B P AEBLG, 5E T
TR AR L O IE R T 4, AR T AL
FEREERI S, A S 5 R W T AL e 2R
8, Ht, X T RIACEER TR A EAE AN TE
SIE7/pLiPuN S

Kl 3 s A B AL EROT- i 2 AR 068 R Tt it R v
W HSF-30)2 B 0% S G SRR AE . & 3a. by o, d Fom
WG (DL (D, (2. &) XA RshaE, K
IR J9 15 T I8 SN Sh PR R 5 KT, BRI
A Fsf [ RO A 0 A A B 200 ok 2 ¥ 3
(& 3a) ZERMRIR AT (O d Z247) A i e Ao (i
FORA WAL BTG BN SRR I I Bl Bl 26 7 X
R ENREEAE . A2 22 5 B T SR s g 5 . 0 d
FEATRIRHEE , FRZEZE (& 30) [ A S T
s BE R B (B 3d) ERE WSS, B W As
Al A 32 2 R 24062 ) b % shidnk A

—40 —20 0 20 4

FNShpa/lOIO kg'm-s'2

Time/d
3 EERF-IRZ R 08 53 5t TS BB ST SIFAE : () P2 s A B E-P i Faes (b) P32 AP AIRJZ 50 hPa 1] L3l E-P
i Frsoneas (o) P22 5 hPa [ L3N E-P itk Frsweas () 50°N [adb i3l E-P it Fsox
Fig. 2 Composites of daily E-P fluxes before and after the breaking time of the northern stratospheric polar vortex: (a) Fxnet; (b) Fxsonpas
() Frshpas () Fsen

TARKHg s (& 3b), FRBITERR I A 15t ) A fe
MO JLJZ 85 J2 AR R AR 2 B sl it e 2 1
PR H PR o X b ) b A% 18 1 3= P RS
TR A T2

P BRV U2 AR 10 7 Tt A B 5 Bl T SRR
ME 4 fiR, B da, by oo d 0 BIFERR R (8),
(3. ) M6 AFHE MBS, HAEEERE
AL B B AR TP A 15t BT ER A R FL R ) K
TERG I 5N e sl i ad B (BT ) A AR
(B, HX b i e shi s £ 2ok B TP 2K
JEFIXSPZ 2 1) b deshim i (& 4b) . k.
e A 5 o A — e R R )b S W A s A%
WA . XA AR W G DR 1R R
G — YO . B TR B A% 35 A
ot LUR FA G AT B TR, TR 2 1
18 A 5 ae R A A 2 R AR S i SR R AT T
Horp g R R PR it 1 Ui A 25 P TR I8 14
{5 s 8] DU R S 080 3l S 18 A LR P 1]

K 5 ek 1979 4E 5 2002 AERFIL 2R BT 2
At H B E] P8 . AR AR RS - R AR i A
B H I, B S IR AR A 5t H .
AFARRKIIM LI S, SETH T 5 FWHhT
¥y, HRFR AR . WnETprg . ik
ARG HPAAAEAR R AR PR AL . P Bk Z
AR RIAE 3 H 2= 5 A Z 224k, B5 Rk 2

(b)
2
0
—40 —20 0 20 40
Time/d
0
(d)
_5 ,,,,,,,,,,,,,,,,,,,,,,,,
—10
—40 —20 0 20 40
Time/d



2 BURLAE S TE R AE BRI E AR 199 0 5 A P A TG B A

No. 2

WEI Ke et al. Comparison of the Roles of Wave Activities in the Breakup of the Stratospheric Polar . .. 213

Fgpe/10' kg-m s

FsshPa/lolo kg'm~s'2

Time/d

Time/d

B4 BRI 2 B RS U S S ARAE () PZ S 2 B E-P il Fsnes (b) SF3)2 HPIGZ 50 hPa [)_F 9 2 E-P il i
Fssonpas (0) FILZR)Z 5 hPa 0] 9 3h E-P il & Fssieas () 50°N [mdbiiish E-P il & Fsors
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