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Long-term Variations of Troposphere-Stratosphere Mean
Meridional Circulation
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Abstract:  Studies of atmospheric general circulation in the troposphere and stratosphere are very important to understand
the influence of human activities on the global climate and its change. Recently, the existence of an annual cycle in the
circulation has been reported by a number of studies. In this study, the residual mean meridional circulation is calculated
by the TEM momentum and continuity equations for the period from December 1985 to November 1995 (10 years), and
the long-term variations of the circulation and mass fluxes across the 100hPa surface are examined. The multiple
regression statistical model is used to obtain quantitatively the long-term variations. This study is focused especially on
mean meridional circulation in the troposphere and stratosphere associated with ENSO (El Nifio-Southern Oscillation)
which is known as a cause of the unusual weather, global climate, and its change. The results show that the global scale
troposphere-stratosphere  mean meridional circulation is intensified during El Nifio event and QBO (quasi-biennal
oscillation) easterly phase and weakened during La Nifio event and QBO westerly phase. The signal of Mount Pinatubo
volcanic eruption in June 1991 is obtained. Due to the volcanic eruption the global scale troposphere-stratosphere mean
meridional circulation is abruptly intensified.
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Fig. 1. Dynamical aspects of stratosphere-troposphere ex-
change (from Holton et al., 1995). The tropopause is shown
by the thick line. Thin lines are isentropic or constant poten-
tial temperature surfaces. The heavily shaded region is the
“lowermost stratosphere”, and the region above the 380K
surface is the “overworld”. Light shading in the overworld
denotes wave-induced forcing (the extratropical “pump”). The
wavy doubled-headed arrows denote meridional transport by
eddy motions. The broad ammows show transport by the glo-
bal-scale circulation, which is driven by the extratropical
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Fig. 2. Time series of the tropical upward mass flux across
the 100 hPa surface (solid line) and that calculated from the
multiple regression model (dotted line).



Table 1. Values (x10% of the regression coefficents for the
tropical upward mass flux at 100 hPa (Values in parentheses
represent 95% confidence interval).

Coefficent Value
B: —0.24(£0.31) kg/m
B2 -0.20(%0.18) kg/m
Bs —3.88(%£2.24) kg/s
Bs 0.15(x0.10) kg/s/month
Bs —5.49(£4.87) kg/s
Bs 20.34(+£4.87) kg/s
Bs —7.02(x£4.73) kgfs
Bs —5.26(+4.73) kg/s
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Fig. 3. Time series of residual for the tropical upward mass
flux across the 100 hPa surface. The value was smoothed.

2 gugY 4% 3F FH&

o}, o] el IR 3 Fukal B A

g Ty 27k 19914 6~ 1199 F AZHE

F 712y Bl M Ane s ¢ 4+ A 2

Z71e 3 Z oF 25 F9l 19933 T Aol |
1y

11989) UdoIx9] 40x10%gsselth. 1991 12¢ ~
19923 299} Gdjoe] 4F AF FH2= 1087
(1985 ~ 19953)9] Eub7 AL(12~29)9] BFHE
el 4% AF S Bp oF 25% Atk ol

PRESSURE (hPa)

5
10
=]

30
50
100
200

PRESSURE (hPa)

W

; (l .!. /
500 P/ ﬁi \.

1000 & Nz ANA R
90S 60S 30S EQ 30N 60N 90N

LATITUDE

Fig. 4. Latitude-height sections of the differences of (a) E-P
flux divergence anomalies and (b) residual circulation stream
function anomalies between August 1991-July 1993 (A) and
June 1989-May 1991 (B). The values were smoothed. Con-
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In (a), negative values are hatched.
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Fig. 5. Variation of the tropical upward mass flux at 100
hPa associated with the QBO (solid line). The dotted line
shows the monthly mean 50 hPa zonal wind at Singapore.

& Eluszkiewicz er al(1997)°] sk HiE|oiR]
A7} Ael 728 Ziolt}. 100hPae] YojAie] & -
FAEe] 33k AF FE2 digk AuRr skt
Eito] 7loje BubEET: gibpol Bel Atk o
U, Zzte] Hulgke Fubteld A9 P
A=h.

Fig. 4@t 4(by= 22 s st 3 § 2
W Had Za A 23 Ha Abo)9) E-P flux diver-
gence ©Rc-B](anomaly) X} AHFALAES
FAEY ol AE HAG 3K T F oA
AT R &82 IA Aol L[Fig 4(b)
Z], ¥ wave forcingS % - ZHxEH9] 5ol
A Z}stElokitFig. 4(a) F=]. McCormick er al.
1995y IUEH 3 ZeZ 3l - A5
o £AE Tk ool2Ez dld A= W
Ab 7VES] Ae AR R di7jdiede s
e 2E 2ot

100hPaR S 712X 2= Fulde] Ae 2

[e}
17

ofy o
30 JH

=
2ol gt F2AF7NRF Bt A7HE AT
ojxel $AFF 4 Fig. 59 Yeht Sith Fig.
A 100hPaH-E 712A2= o] A3 3
&F 50hPaE 71ESE 31 FEINY o I
HAR A, AE3Y o Fasojdvks 2g &
g + o} o] A= Eluszkiewicz et al.(1996,
1997), Yang and Tung(1996), Mote et al.(1996) X
Seol and Yamazaki(1998)8] <17+ Axze} 74t}
Fig. 6@ 6(bys 47 £235730%3 Ad
E-P flux divergence k=289 aHEFE IF-AF
Pt AAHFALHEE fFATre] ol

0-?3 >O
e o

=)

=

-

(e

P
e

. (a) EPFD (QBO E-W)

=
o

PRESSURE (hPa)
38

100
200

30
50

100
200

PRESSURE (hPa)

500

1000 ELL
90S

LATITUDE
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easterly phase of QBO (E) and the westerly phase (W).
Contour interval in (a) is 0.2 m/s/day.
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Fig. 7. Variation of the tropical upward mass flux at 100
hPa associated with the ENSO event (solid line). The dotted
line shows the SOI.
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