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(b) Direct Effect

(¢) Indirect Effect

vy

I*as

o -

1000
9

Y T T . T 1000 +
0S 60S 30S EQ 30N 60N 90N 90S

03:000000000(MO00DJFOO000JJA)O()OODOOMO00O0DO()000000000
00000000000C0entl0000000000000000000000 (0000 95%)0

00000000000000000p;000(1)
0ooo0@oUooo0oooooooooo
goboobobooboooobooobooboooobn
boobooooboobooobobooaooooon
gooooooooooo pys000000000
goodg

3 OO0

3.1 000

030 COoObO0O0000000000000
gbobooooobobobooboooboobon
gboboooooboboboobooobobon
gboboooboboobobobooooobooobob
gbobooooobobobooobooboobon
uoboobooboobooboboobooboobn

ooboooboooobboooooboooobDJrED
00o00o0oooU0oo (04000000000
gobooooboooobooobooboboobooboobo
gboboobooboooboooboooboobooon
gbooboboboooooboobobobobon
gbobobgoboobobobooogobobob
ooo
goboboooboboobobobobbbon
0000000000 0oO0oOOooOooo (0500
ubooboooboboobooboboooobooboon
gbobooobooboboboobobobbon
gbogoobooboobogbooboobouoaoon
gboobooobobobooboboooboboboon
DJFO0OO0O0booOoobooouooooobboooo
O0000000o0ooooooo())ooobooo
O0000200000000000000(2)000
gbobobobooobooboobooboooo



T v T T 90S + T v T T T
60E 120E 180 120W 60W 60E 120E 180 120W 60W

04 DJFO0O0O0OOO0O0O000000O(G)O000(MO0000()00000

DJF u

a) Total Effect b) Direct Effect
[m /8Ty (b) I

(c) Indirect Effect

05 DJFOD0000000000O00O(GO0O0OOMOO0000(C) 00000

DJF st

[1e+10 kgss] (@) Total Effect (b) Direct Effect (c) Indirect Effect
! : [ Je=-0.008 ! ‘ RN ! ‘ ‘ ‘ ‘ ‘
21 : o /oRR 1 21 (\/\/ / 21
‘ 51 : : 54
z 104 o -
: 204 : :
30

1004

200
300
500 1

: . 06805 . 000
90S 60S 30 EQ 30N 60N 8ON 90

60S 30S EQ 30N 60N 90N

JJA st
[1e+10 k19/s] (a) Total Effect

(b) Direct Effect (¢) Indirect Effect

1 1 T o : : ‘
2 2 24 . \/ g :
3] 3] 3] ( : : : : :
N °] 10—
101 : 10 : ‘ : : :
201 O zo-§ : :
ZOyr 301 301 i 2
50 501 : :
1004 1004 ; :

200 200 \i:Q

300] <= ) & ‘ ] 3 : : 0 300 1
] : 1OV : N ) ] : =N
1223- ‘ 2 —0.30 58 ‘%615 3 : L {\‘»o 3 : k/g sgg-ﬁ_@fo}@J 0

— [o] T T T ¥ T 0 T
90S 60N 9 60S 308 EQ 30N 60N 90N 90S 60S 30S EQ 30N  BON 90N

>\‘o

06: 000000000 (D00DJFOOOOJJA)O(2)0000(()O0000()000000 (00)
0oo000o0o0o0o00o



3.2 ODOOO0OOOOOEPOODOO

geloobobooOOoOooooobboobooogg
0000 Brewer-Dobson 0 OO DJFOOOOOO
oooooooobobO0oOoDJFOODODO Brewer-
Dobson 0O 0000000 OOOOOOODODODOO
gboboooboobobooboboooobooob
doooooooooooooobobobobob
O000oooo (bJFOOOOJJADDDO)ODODO
gbobobooobobobooboboobooboob
goog

DJF div

[m/(s da1y)] (O) Total Effect

(b) Direct Effect

ggbogoboogoooobobooobooobboo
oboooovyoo00DJFODOO0O EPODOOODO
ooboooobooobJFOo0oobOooooooDo
gobogooboogooooooboooobooobooobo
gbooboooobooboboboboooooboboon
gbobooboooboboboooobobon
goboogoobooooobooboobooobo
gbooboooboooboboboooooboboon
00o0000o0o0oo0oUooOo (boooo
00000 JJADCOOOOOOoOoOooooD)o

(c) Indirect Effect

5-;('.4'*1 "3«—'4;\;\ Aads .\':.«‘}'\

10 AATtTfftqq-m 44-1—1>

DJF div

;‘..,,
4 AAA‘A""'I'l'\ﬂAV}h'\’I > &y

T3 :C' : Aéa
”;, M
3 ‘.y ‘N

[m/(s dc1y)] (G) Total Effect

10

201

20yr 301
Y’ 5ol
100
200
300 %%
500 3%

1 0009-0 e

DJF div

’fﬁ

JAarAAAnaaa o>

4 e.\AAA‘A»‘—:—m

dAAAARAAq4g ? D

[m/(s do1y)] (G) Total Effect

dAAAAMAA G944V

ATy

4 ﬂAAA4‘44444AAAAA VA7 2a

-OAA44444—|44\AA 4\—'> 43@7

4 A,\AAAIA—M»\G»-* u—u‘—n

.A,\A4444.|-,_\>>>6 117

.A,\AA44444-,>>>-; a1

4 0 : O
Q

2-,\A$4‘4b\444;\un AA-"Y HAJ-(
3 5

0 7:DJFOOOO0EPOOODOO (00)00000000 (00000000000000000000
000000)0()0000((O00000()0000000000000000000000



DJF epz
1o+ ka/Cs do) (a) Total Effect

(b) Direct Effect

(¢) Indirect Effect

2
3.
5.

101

20

20yr 301
YT s
1001

200 1
300

500

1000
9

DJF epz

[1e+5 ko/(18 day)]

(a) Total Effect

2
3.
5.
104
204,
20yr 3017
Y 50
100

200
300

500-o

1004

- 200
300

500 1
000 +-

1000
90s

DJF epz
frovs kg,f% "oy (a) Total Effect

90N 90S 60S 30S

. v Q. .
= NSOl S

{

EQ 30N 60N 90N

08 U000 EPOOODUOOOOD (0U0LDOOOOOODOODODODOUODOUOUDOODOOOO)O(d)DODO

0O0®MmO0000()00000

3.3 Uuooooboooon

gobobobobobobobobobobon
UooObDJFOO0O0O0 EPOOOODOOODOOODOO
O0000o00o0O00ooooo (o 7ooooooo
goboo1ig3gonobooobobooonoooon
010000000000000D00DO00DO0OD
oboboooboobobooobobooOoDbUEP
000000000ooooooo (o 8)o

DJFOO00O0DO0O0O0DbO0oOoboDbOoUon EPO
gbobobgoboobobuoobaoboobooob
doooooooooooobooboboooobon
gooooobobooooboboooobon
gbobobooobobobooboobbooob

booboooboboboooboboooooon
gooboooobobboboooobobon
goboooboooobooobooboboobooboobo
gbogobooboobooooobobooboobobogan
goboboooooboboboooobobon
goboooooooooboooogooboooboobo
goog

uboobooboooooboooooboboobogan
Uoobooogooboogobbood Brewer-Dobson
gbobogoooooobJFrOO0DOODOOOO
gbooboooboobobobooooobobon
gboooobobooooboboooobon
gboboboobobooboboobobooob



goboooboobooboooooobobooobooon
boboobooobooobooboooobooboob
googooo

4 000

DJFOOOOOOOO Brewer-Dobson O O OO
000d00odooooooooooooooon
0000000000000 00000o0oOooon
OdoD0doodooooooOooooooooon
O00Do00doodoooooogoooooooon
D00 EPOOOOOCOOODOOOODOOOOO
000000000 EpO0D0ODOOCOODOO
00d0oooDoo0oOoooobOoJJA0DOooDan
O Brewer-Dobson OO0 OO QO OOGOOO

000000000000 00oO0ooooooon
O00D0000oooooooooooOoooooon
000o0o0doodooooooooooooooon
oooooo

0000()o0oooUoooooooooEe) oo
Odo00doooooooooooooooo

HEN

gboboooboobobooboboobobo
gobooooogboooooboooboobobo
gboboooboobobobobooobooboob
gbooooobobobobooboboboobon
goboobooboobobooobooboooobo
OOoOogooogo cecsrRbooooooooooo
gboboooooobobobobooobobon
goboobooooobooboobooobooon
ubobooooboooboooooboobooon

gobn

[1] Butchart, N., and A. A. Scaife, 2001: Re-
moval of chlorofluorocarbons by increased

mass exchange between the stratosphere and
troposphere in a changing climate. Nature.,
410, 799-802.

[2] Iwasaki, T., 1989: A diagnostic formu-
lation for wave-mean flow interaction and
Lagrangian-mean circulation with a hybrid
vertical coordinate of pressure and isen-
tropes. J. Meteor. Soc. Japan, 67, 293-312.

[3] Rind, D., R. Suozzo, N. K. Balachandran,
and M. J. Prather, 1990: Climate change
and the middle atmosphere. Part I: The dou-
bled CO9 climate. J. Atmos. Sci., 47, 475-
494.

[4] Rind, D., P. Lonergan, N. K. Balachan-
dran, and D. Shindell, 2002: 2xCO9 and
solar variability influence on the troposphere
through wave-mean flow interaction. J. Me-
teor. Soc. Japan., 80, 863-876.

[5] Sigmond, M., P. C. Siegmund, E. Manzini,
and H. Kelder, 2004: A simulation of
the separate climate effects of middle-
atmospheric and tropospheric CO9 dou-
bling. J. Climate., 17, 2352-2367.

[6] Sudo, K., M. Takahashi, and A. Hajime,
2003:  Future changes in stratosphere-
troposphere exchange and their im-
pacts on future tropospheric ozone
simulations. Geophys. Res. Lett., 30,
doi:10.1029/2003GL018526.

[7] Yukimoto, S., A. Noda, A. Kitoh, Y. Kita-
mura, M. Hosaka, K. Shibata, S. Maeda, and
T. Uchiyama, 2001: The New Meteorologi-
cal Research Institute Coupled GCM (MRI-
CGCM2) -Model Climate and Variability-
. Papers in Meteorology and Geophysics.,
51,(2), 47-88.



